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Preface

2020 was a very difficult year for all of us. The pandemic and the various counteractive measures dramatically
changed our way of life, and, consequently, also our daily work. The restrictions at universities and in the
institutes complicated and delayed our activities in the laboratory. Many of us had to stay in home office,
missing the discussions with colleagues. Travelling was practically impossible, preventing the international
participation in beam times and meetings.

Against these odds, important milestones have been reached on the way towards the realization of the CBM
experiment: the Technical Design Report for the MVD has been submitted, the Engineering Design Review
for the module and ladder assembly of the STS has been passed, important reviews of mechanical parts incl.
the absorbers of the MUCH and of the camera for the RICH have been completed, the Production Readiness
Review for the outer modules of the TRD has been passed, successful beam tests of TOF modules have been
performed in mCBM, and the Final Design Reviews of the yoke and the power supplies of the magnet have
been completed. Important steps towards the verification of the triggerless-streaming DAQ system of CBM
have been achieved with the mCBM setup, where time and spatial correlations between detector subsystems
have been observed with a high intensity particle beam. A particular highlight was the delivery of the first big
part of equipment, the support structure of the PSD, as illustrated in the left figure below.

Substantial progress was made also in cave construction and the development of the infrastructure. A photo
of the CBM cave is shown below, the shell construction will be finished in 2021 by closing the cave with a
ceiling. The first infrastructure components to be installed in the cave will be the rail system carrying the large
detector systems downstream the magnet, and the upstream platform, where the CBM magnet and the HADES
experiment will be sitting. Both for the rail system and the platform concepts and specifications have been
worked out. A task force has been established to design and realize the target chamber and downstream beam
pipe with high priority. An important step towards the funding of the Cave infrastructure was the successful
launch of the Construction Memorandum of Understanding (C-MoU), which meanwhile has been signed by
many CBM member institutions.

Since the beginning of 2020, substantial aid for the funding of manpower is provided by the European Union
program CREMLINplus, which promotes the scientific cooperation between European research infrastructures
and Russian mega science projects. Joint activities between CBM and NICA are supported by 5.8 M Euro,
financing more than 30 positions over 4 years mainly in Germany and Russia, but also in Poland, Hungary,
Czech Republic, Ukraine, and France.

In 2021, we hopefully will overcome the pandemic, and return to normal life and working conditions.

Darmstadt, February 2021

Peter Senger

£

TA CM cave (September 2020)

The support structure (of the PSD at GSI
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Overview

Executive summary: Status of the CBM Experiment

N. Herrmann

Universitit Heidelberg, Germany

The CBM experiment is designed for the exploration of
the QCD phase diagram in the region of high baryon den-
sities with high precision due to an unprecedented rate ca-
pability of the experiment. In the year 2020, significant
progress towards the realization of this goal was made.

In 2020 the FAIR project implemented the so-called in-
termediate objective (IO) targeted for project completion
until 2027. As part of the IO the shell construction of the
CBM building is making rapid progress with a projected
completion date in 2021 allowing for an earlier installation
of the CBM detector. In the framework of the 10 also other
subsystems like especially the SIS100 synchrotron could
be brought to initial operation earlier than 2027. In order to
be ready for using the first beams delivered by SIS100 the
preparations of the CBM experiment follow the time line
shown in Fig. 1. According to the planning the cave infras-
tructure like the rail system for the downstream detectors
has to be installed already in 2022. The proposal to finance
necessary common infrastructural items by common funds
was accepted by the funding agencies as part of the CBM
construction MoU after the cost had been scrutinized by
the ECE and ECSG committees in several meetings. Con-
cerning funds CBM is thus well prepared to execute the
demanding timeline aiming at constructing and setting up
the so called day-1 version of CBM until 2025.

This version of the full setup was described in detail al-
ready in the Progress Report 2019 [1].

The collaboration is focussing now on preparing for se-
ries production of the detector elements. A prerequisite is
the verification and qualification of pre-series components
under realistic close to final operating conditions. Despite
the difficult working conditions imposed by the pandemic
these activities are pursued in dedicated test beams and in
the ongoing CBM FAIR Phase-0 experiments:

e operation of mCBM,

e participation in the HADES experiment with the
RICH photo detectors,

e participation in STAR with hardware (€TOF) and soft-
ware (KFParticle),

e participation in BM@N with PSD and STS modules.

Highlights from these activities that address specifically
system level aspects and for which details are contained in
this report are:

mCBM:
In a major commissioning run with heavy-ion beams syn-
chronous operation of all subsystems (STS, MUCH, TRD,

TOF, RICH and PSD) was successfully demonstrated em-
ploying a common data transport via FLES to the Green-
ITCube with high bandwidth. The offline analysis of the
data was pushed to the track level where the correlation of
detector hits in space and time was established for particle
tracks.

HADES:

The full potential of the RICH system making use of the
enhanced number of photo electrons to more than 12 per
ring was exploited in the analysis of the di-lepton spec-
tra where signal-to-background ratios of 1 and 3 could be
demonstrated for the an invariant mass region below and at
the w - meson mass, respectively.

STAR:

With the replacement of front-end electronics in 2019 data
taking with eTOF in 2020 (Run20) was very successful.
The system participated in Run20 with full acceptance over
a period of 7 months and contributed significantly to the
fixed target data set. For each of the center-of-mass en-
ergies \/syy =5.75, 7.3, 9.8, 13.5, 19.5, 32.2 GeV 10®
Au + Au collision events were recorded. On the analysis
side the KFParticle software package was integrated into
the STAR software framework and successfully applied to
the reconstruction of hyperons and light hypernuclei. First
results became available for STAR fixed target data demon-
strating the universality of the approach.

BM@N:

20 CBM PSD modules have been included in the FHCal of
BM@N. The readout was integrated into the DAQ system
and the modules are being commissioned.

Detector subsystems

The progress in den the various subsystems towards pro-
duction readiness is impressive and documented in detail
in the body of this report. Many reviews with internal
and external experts have been prepared on different lev-
els like Conceptual Design Review (CDR), Engineering
Design Review (EDR) and Production Readiness Review
(PRR) and were successfully passed.

e CBM building (Cave)

Shell construction of the CBM building has pro-
gressed according to plans, the CBM building is al-
most complete and roofing is expected in Q2 2021.
The procurement of the rail system for the down-
stream systems got started as well as the engineering
design of the upstream platform. Significant progress
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Figure 1: Construction schedule of the CBM experiment.

was made in the routing of service lines from the ser-
vice stations to the consumers.

As a part of the experiment integration designing of
the beam pipe including the target chamber gained in
intensity. Design solutions considering segmented tar-
gets on a target ladder or wheel as well as for a joint
accommodating the deflection of the primary beam by
the dipole field are under investigation.

The planning of the installation procedure has ma-
tured and supports the feasibility of the overall time-
line presented in Fig. 1.

BMON

This project was newly established and separated from
the TOF subsystem focusing on the development of
the Start and HALO detectors. The Day-1 configu-
ration will be based on the well established pcCVD
diamond technology. A readout concept with two
independent readout chains is foreseen for the TO -
measurement and for beam monitoring. In additions
R&D has been started for a novel technology, based
on LGAD sensors, that will be tested for applicability
for heavy ion beams in the upcoming mCBM cam-
paigns.

Magnet

Although delays caused by the pandemic situation
limited the production of mockup modules of the su-
perconducting coil the project is advancing well and
successfully prepared the PRR for the yoke and the
power supplies. The overall timeline is compatible
with the general plans aiming to deliver the magnet
in 2023 to FAIR.

MVD

In 2020 the first full sized MIMOSIS-1 detector be-
came available and got prepared for further system-
atic tests. Detector integration activities progressed to
the use of a new coolant (NOVEC-6497M), Together

with performance studies the project team succeeded
to prepare the TDR for internal review and thus passed
an important milestone.

STS

The Silicon Tracking System (STS) project reached a
major goal by passing successfully the EDR for mod-
ule production. The project entered a pre-production
phase where module production will exercise the well
developed QA procedures and documentation. Partic-
ipation in the mCBM campaign resulted in new in-
sights in the operating conditions of the subsystem
that resulted in improved shielding of the housing box
against electromagnetic pick-up noise.

MUCH

The MUCH subsystem advanced in all relevant di-
rections. The CDR of the mechanical structure was
accepted and the understanding of the GEM chamber
performance during the mCBM campaign is progress-
ing well. An instability of the readout could be cured
by a redesign of the front-end electronics board. Cor-
relations in space and time could be established with
respect to mTOF tracks and yield first estimates of the
matching efficiency. The instrumentation of the 3rd
and 4th station with RPC counters advanced with the
design of a pad readout structure that delivers promis-
ing results in terms of cluster size and efficiency.

RICH

The design of the RICH detector was finalized in
terms of the mirror tilt angle and the layout of the
shielding box that protects the photo sensors against
the magnetic field. The CDR for the mechanics in-
cluding a tunnel interface to the beampipe was suc-
cessfully prepared and accepted. In addition the cam-
era design including cabling and cooling was accepted
on the EDR level pushing the project now towards
the readiness for production. The readout concept
was verified by integrating the mRICH in the mCBM
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setup where the separation power of the RICH con-
cept could be demonstrated by suppressing matched
TOF tracks significantly for particle velocities smaller
than speed-of-light.

TRD

The TRD project is well on track with its baseline
design that successfully passed the module PRR al-
though the development of the front-end electronics is
not yet completed. However, the functionality could
be demonstrated in test beams and most notably in
the mCBM run in 2020 where temporal and spatial
spatial correlations with the mCBM timing detectors
were observed and evaluated. Progress was also made
in the design of the main frame and confirmed by a
corresponding CDR. The overall layout foresees the
the integration of high spatial resolution chambers in
the inner region close to the beampipe. The design
of these chambers and their readout chain is well ad-
vancing, however, due to travel restrictions caused by
the covid-19 pandemic the necessary performance test
had to be postponed to 2021.

TOF

The main focus of the TOF project was to achieve pro-
duction readiness for the inner and outer wall. Proto-
types of the MRPC counters are successfully operated
in STAR and in mCBM where superb values for effi-
ciency and timing resolutions could be demonstrated.
Major steps were undertaken to demonstrate the rate
capability of the MRPC counters and to assure that
the counters will be operational under the harsh condi-
tions throughout the lifetime of the CBM experiment.
Correspondingly, aging tests were performed at the
IRASM facility in Bucharest and modifications in the
MRPC counter design to achieve an optimal counting
gas exchange are under consideration.

PSD

Since the production of the PSD modules is already
completed the major steps in 2020 were the success-
ful integration of one module into the mCBM readout
chain and the preparation of the FAIR-Phase-0 exper-
iments with BM@N and NAG61/SHINE. From those
experiments as well as from advanced simulations em-
ploying Machine Learning techniques an optimization
of the layout of the PSD will emerge. The upper part
of the support structure of the PSD allowing for lat-
eral and vertical movement as well as for rotations
needed for proper placement with regard to the de-
flected beam was already delivered to FAIR as the first
part of the CBM experiment underlining the advanced
status of this subproject.

DAQ/FLES

While the mCBM campaign in 2020 was successfully
executed with a data aggregation layer based on two

Overview

FPGA boards (AFCK and FLIB), the DAQ project
changed hardware technology and proceeds with a
single FPGA board called Common Readout Interface
(CRI) that will be placed in the entry node comput-
ers and is accessible to the CPU through the PCI bus.
This change in architecture implies severe changes in
the communication and control protocols and was ad-
dressed in a coherent effort by a large number of CBM
member experts.

Computing

The success of CBM will depend to a large extent on
the availability of well tested high-performance software
that will be running on a many core compute farm. Re-
alizing that only a very limited number of people is cur-
rently available within CBM to cope with the challenging
demands the effort was focused on the most urgent and in-
dispensable tasks. In the reporting period the computing
effort was structured in the following subprojects: Simula-
tion (SIM), Experiment & Detector Control (EDC), Online
Data Management (ODM), Data Processing Framework
(DPF), Algorithm (ALG), Offline Analysis Environment
(OAE), Software Infrastructure (INF), Parameter Database
(PDB). Of these SIM and OAE remained without project
leaders at the end of the reporting period since the atten-
tion concentrated on developing a data processing model
that allows to address the challenges specific to real-time
systems and that is necessary for operating mCBM as a
demonstrator for future CBM.

Nevertheless several important milestones have been
reached:

e the whole CBM software was migrated from the code
management system svn to git allowing for a more ef-
ficient collaboration of different developers (INF),

o the FLES software package served as data taking
backbone in the 2020 mCBM campaign and demon-
strated the efficient distribution and monitoring of
time slices (ODM),

e experiment control was inaugurated as an human in-
terface project with multilayered Finite State Engines
(FSE) communicating with the underlying hardware
(EDC),

e time based tracking based on the Cellular Automa-
ton (CA) Ansatz was re-established for full CBM
and is being extended as tracking concept for mnCBM
(ALG),

o the FAIRMQ framework was chosen as a promising
environment to utilize the multi core architecture of
modern computers for heterogeneous tasks (DPF),

e first steps are undertaken towards a common database
model based on TGenBase serving the needs among
others for tracking detector components, setup param-
eters, event selection parameters and conditions, and
physics analysis parameters and tags (PDB).
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Physics performance analysis

Physics performance analyses by means of Monte Carlo
simulations are an essential step to validate the layout of the
experiment and the performance of the reconstruction and
analysis software. The physics analysis effort is currently
structured in working groups addressing common issue like
geometry definition, centrality selection, event generation
or efficient data processing (PWG-COM), hadronic ob-
servables (PWG-HAD), observable from di-leptons (PWG-
DIL) and correlation, flow and fluctuations (PWG-C2F).
As documented in the body of this report the activities ex-
tended notably by an increased effort in collaborating insti-
tutes.

Highlights of the achievements are

e the geometrical description of the possible experimen-
tal setups in the simulation environment was made
consistent with the engineering drawings (CAD mod-
els),

e development of a slim physics analysis environment
(datatree) for efficient processing,

e application of machine learning techniques to improve
hyperon reconstruction efficiencies,

e dependence of the reconstruction efficiency on the
magnetic field strength,

e cvaluation of the expected yields for strange hadrons
with different models and reconstruction strategies,

e accuracy of directed flow measurements for protons,
A -baryons and charged kaons,

o feasibility of J/¥ measurements at SIS100,

e background studies of di-lepton measurements em-
ploying MVD information,

e feasibility of femtoscopic measurements.

In summary, the CBM collaboration is actively prepar-
ing on all fronts for a timely start of SIS100 operation and
eagerly awaits its first commissioning run in 2025 with a
well understood day-1 setup.
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Micro Vertex Detector - Summary
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Abstract:

In 2020 we have received the first dedicated and full-size
pixel sensor MIMOSIS-1, passing first studies at IPHC
Strasbourg on noise characterization. Further systematic
test beam campaigns are mandatory to design and submit
the follow-up sensors MIMOSIS-2 end of 2021. Inte-
gration studies with the MIMOSA-26-based prototype
of a larger module (TPG carrier) have been continued,
further consolidating 24/7 runs in vacuum, incorporating
EPICS-based experiment control at both of our vacuum
test stands. Studies focused on employing the new coolant
NOVEC-649"™ and confirming the concept of electrical
feedthroughs. Last but not least, we very busy with report-
ing, resulting in a CBM Technical note on CAD geometry
models, two Computing Notes on the digitizer and simula-
tion geometries, respectively, and finalizing and submitting
the Technical Design Report to the internal review of CBM.

Sensor:

In 2020, MIMOSIS-1 has been submitted and received
back from foundry, comprising 18 wafers with six differ-
ent variants of doping profiles have been fabricated, aiming
at identifying the optimum w.r.t. radiation hardness, signal
charge collection and spatial precision as well as the in-
pixel circuitry employed. The introducing “smoke tests”
and subsequent noise studies conducted at IPHC Stras-
bourg revealed the expected performance and recommend
the chip for systematic, and mandatory, characterization
with test beams in 2021 with a focus on radiation hardness
and single event effects. Simulation studies on the require-
ments w.r.t. the tolerance of the sensors to ions and nuclear
fragments were carried out to guide those tests.

Sensor integration activities

Long-term test runs with the MVD module prototype
PRESTO, equipped with MIMOSA-26 sensors on both
sides of the carrier, were continued. Special attention
was put on further optimizing the cooling by employing
NOVEC-649"™ as mono-phase and highly volatile
coolant for <0° C operation. To do so, a new chiller
(JULABO™™) providing a closed coolant system was in-
stalled. First systematic studies with a PRESTO heat sink
(latest generation) and a pCVD diamond carrier clamped
to it have been conducted in a dedicated test stand. The
results confirm the outstanding properties of NOVEC-649
regarding operation (e.g. less pressure drop due to lower
viscosity) and hence better cooling performance compared
to Glycol-water mixtures. We are considering this coolant
for future operation, and continue systematic tests to
scrutinize the decision. Starting from a first prototype of

electrical feedthroughs used for the long-term operation,
we have changed the concept to meet the required signal
density while improving on connectivity and handling.
Dedicated PCBs glued in narrow slits of a vacuum flange
feed the signals through, provide dedicated connectors to
receive the cables (inside vacuum) and hold FEE boards
(outside). This concept provides an inexpensive, robust
and safe, w.r.t. vacuum tightness and connectivity, solution
to meet the requirements. Four of such feedthrough
flanges will be mounted on the large target box flange,
providing about 900 signal lines for read-out, controls and
monitoring purposes.

Operation and Simulation

Operation: While in the previous year the focus was on
long-term commissioning runs to establish in-vacuum
operation, this year shorter test runs of PRESTO were
conducted to study various aspects of detector controls.
This activity was mainly motivated by concluding mea-
surements for a PhD thesis on this subject.

Simulation: Motivated by the request to perform real-
istic simulations mainly on increased background from
conversion for the dielectron physics program with the
MVD in place, we have updated the MVD geometry
w.r.t. an updated station layout based on the MIMOSIS
dimension, and on a more realistic material budget. In
addition, we provide a version with an artificially increased
material budget to allow for conservative studies on the
background caused by conversion. CBM Computing
Notes document all technical details, both on the MVD
geometry modifications as well as on the MVD digitizer
currently implemented in CbmRoot. We have also updated
the CAD layout of the MVD accordingly, also described
in a (Technical) Note. This is important to identify and
resolve open questions related to the interface volume, and
installation sequence, between MVD and the CBM target
and the STS beam pipe, respectively.

All of these activities have been considered in the Tech-
nical Design Report of the MVD, which has been finalized
in December and filed to a CBM Internal Review Panel.
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First full scale CMOS sensor prototype for the CBM vertex detector
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The Micro-Vertex Detector (MVD) of the CBM ex-
periment requires very light detector stations equipped
with highly granular and thin pixel sensors adapted
to hostile running conditions. A specific monolithic
CMOS pixel sensor, called MIMOSIS, is being devel-
oped for this purpose. Inspired by the ALPIDE sensor
equipping the recently upgraded ALICE-ITS, its design
focuses on the more demanding specifications of the
MYVD in terms of hit rate and radiation tolerance. The
first full scale prototype of MIMOSIS was fabricated
in 2020, followed by extensive functional tests and
preliminary electronic noise estimations.

In the first semester of 2020, 18 wafers of the first full
size prototype MIMOSIS-1 (see characteristics in Table 1)
were fabricated with 6 different variants of doping profiles
(3 wafers of each). Besides the usual, fully p- doped, epi-
taxial layer adopted for the ALPIDE sensor [1], 5 variants
were introduced, which feature a thin n+ layer underneath
the sensing nodes, on top of the epitaxial layer. For 3 of
these variants, an extra p+ implant was introduced in be-
tween the sensing nodes. Its purpose is to further extend
the depletion field and minimize the risk of leaving corners
in the epitaxial layer with poor drift field. These modifica-
tions enhance the sensor tolerance to non-ionising radiation
and accelerate the signal charge collection, possibly at the
expense of the spatial resolution.

Parameter Value

Technology TowerJazz CIS 180 nm
Epi layer thickness  ~ 25 um

Epi layer resistivity > 1k{lcm

Sensor thickness ~ 50 pm

Pixel size 26.9 x 30.2 pm?

Pixel array 1024 x 504 pixels
Sensitive area ~ 4.2 cm?

Sensor dimensions 3.1 x 1.7 cm?

Matrix readout time 5 ps

Power consumption < 100 mW/em?

Table 1: MIMOSIS-1 characteristics.

Each wafer hosts 27 MIMOSIS-1 sensors (see Figure 1)
and several test structures primarily devoted to the explo-
ration of alternative in-pixel circuit designs. The run was
organized in partnership with CERN, where the epitaxial
layer modifications mentioned above were designed, mo-
tivated by CERN’s own applications. They focus in par-

*Now at IJCLab, Orsay.

ticular on designs where fast signal charge collection gov-
erns the sensor requirements. The wafer reticle hosting
MIMOSIS-1 incorporated therefore as well prototypes spe-
cific to CERN’s R&D program.

Figure 1: MIMOSIS-1 sensor.

Figure 2 shows a block-diagram of the in-pixel circuitry,
where the sensing part consisting of a PIN diode is con-
nected to a shaping and discrimination circuit with tunable
threshold. Two depletion modes can be applied to the epi-
taxial layer: one from usual back-bias and the other by con-
necting the sensing elemnt to a voltage source.

Sensing part Amplification In-pixel Memory

ACcoupling  Bias2 Shaping time few ps

MV Biast E
-
iCharge inj.
160 aF

DC coupling
Biast

-
iCharge inj.
160 F

Figure 2: Block-diagram of the MIMOSIS-1 in-pixel cir-
cuitry. The sensing part is displayed in its two alternative
variants: DC- and AC-coupled.

Full custom digital

Dual Port Pixeljoutput
2 words of 1 bit

Each sensor prototype incorporates 4 different variants
of the in-pixel circuitry, each populating a sub-array of the
sensor. They are labeled respectively MATRIX A, B, C
and D (see Fig. 3). The first two sub-arrays (MATRIX A
and B) host pixels with a sensing part DC-coupled to the
pre-amplifier, similar to the pixels composing the ALPIDE
sensor. The remaining sub-arrays (MATRIX C and D) host
pixels with a sensing part AC-coupled to the pre-amplifier
and the shaping circuit. In the case of an AC-coupled sens-
ing part, the voltage source connected to the PIN diode
is decoupled from the in-pixel signal processing circuitry
thanks to a capacitor. This will enable the diode input volt-
age to be raised up to several tens of volts, resulting in an
extended depletion of the epitaxial layer.
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Figure 3: MIMOSIS-1 sub-arrays’ layout.

The pixel read-out is performed with a data driven prior-
ity encoder common to pairs of columns, each pair featur-
ing 2 x 504 pixels. The information delivered by the pixel
array is processed through a sparse data scan micro-circuit
integrated on the sensor edge, common to the whole sensor.
The processed data are transmitted to an elastic buffer fore-
seen to accumulate several consecutive read-out frames in
order to flatten out the data flow induced by the beam cur-
rent fluctuations.

The sensor may deliver up to 2.4 Gbits/s of data, read out
according to the GBTX standard. In order to mitigate the
impact of SEE, crucial components of the signal processing
circuitry include a triple vote logic. The sensor periphery
hosts also microcircuits allowing to test the sensor in a pro-
grammable way with the 12C standard.

Laboratory tests have started for sensors with the usual,
unmodified epitaxial layer. The sensors under tests were
diced and thinned down to 300 wm. To save time, the cali-
bration of the charge-to-voltage conversion factor was pro-
visionally taken from the previous, small size, prototype
MIMOSIS-0 [2], which featured 16 column pairs of the
pixels composing MATRIX B. Compared to MIMOSIS-0,
MIMOSIS-1 includes a redesign of the digital part, includ-
ing elastic buffers and hardening of single event upset by
triple modular redundancy.

The laboratory tests addressed primarily the Temporal
(pixel) Noise (TN) and the dispersion of the discriminator
thresholds among the pixels, expressed by the Fixed Pat-
tern Noise (FPN). The latter results essentially from the
tolerances on the fabrication mask associated to the pro-
cess. All measurements were performed at a temperature
of about 15°C. A first set of 3 sensors were tested.

The preliminary results shown hereafter were obtained
with the 384 x 504 pixels composing MATRIX B. The
sensors were tested with a variable charge injection emu-
lated via the test circuitry integrated on the sensor edge.
The amplitude of the charge injected was varied within a
range encompassing a fixed value of the in-pixel threshold
value, corresponding typically to about 500 e~

Figure 4 represents the so-called S-Curve, which in-
dicates the fraction of pixels where the charge injected
passes the threshold. The pixel noise distribution derived
from the S-Curve is also displayed. It exhibits a value of
~ 5e” ENC. Similar values were found with the two
other sensors tested.
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Figure 4: Left: Pixels’ responses with respect to the in-
jected charge. Right: Temporal pixel noise distribution.

Figure 5 displays a map of the pixel threshold val-
ues calibrated with charge injection. It also shows the
corresponding distribution of thresholds over the pixel
array, resulting in a Fixed Pattern Noise of ~ 11 e" ENC
for the sensor tested. Minor local trends appear, which
depart from a uniform distribution in a well affordable way.
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Figure 5: Left: 2D map of the pixel threshold. Right: Pixel
threshold distribution showing a FPN of ~ 11 e" ENC.

The plans for 2021 address an extensive program of tests
and characterisations. They include in particular a com-
parative study of the pros and cons of the different epitax-
ial layer variants, as a function of the depletion approach,
for various levels of irradiation. SEE will be investigated
with particular attention, the risk of latch-up being a con-
cern. As for the detection efficiency and spatial resolution,
they will be evaluated with particle beams for each epitax-
ial layer variant and in-pixel circuitry option. The outcome
of these studies, which will also include fabrication yield
estimates, will serve as input to the design of the next pro-
totype (MIMOSIS-2), foreseen to be sent for fabrication
toward the end of the year.
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Heavy ions hits at the CBM-MVD
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Being located in direct vicinity to the target, the CBM
Micro Vertex Detector (MVD) will be exposed to a high
radiation doses caused by various collision products. A
particular threat for a save device operation might be
caused by nuclear fragments knocked out from the tar-
get. We provide first simulation results on the energy,
charge and spatial distribution of those fragments as
impinging the MVD during runs with Au+Au collision
systems in the SIS-100 energy regime.

Heavy ions may damage the CMOS Monolithic Active
Pixel sensors (CPS) used in the MVD through integrated
radiation damage and single event effects (SEE). A promi-
nent SEE is the so-called latch-up, a reversible short cir-
cuit that occurs in vulnerable CMOS structures once nu-
merous minority charge carriers are created for example by
a heavy ion hit. Latch-ups were observed once exposing el-
der CPS to particles creating a linear energy transfer (LET)
>3 MeV cm?/mg [1]. If not quenched rapidly by means
of a power-cycle, they may destroy thermally the affected
device. E.g., the STAR-PXL detector lost 14% of its sen-
sors due to latch-up before the activation threshold of the
circuits performing this power cycle could be correctly ad-
justed [2]. To prevent a similar scenario, the MIMOSIS-
sensor being developed for featuring the best possible im-
munity to latch-up and will moreover be protected by im-
proved power-cycling circuits [3]. The LET of ions scales
with Z2 and low momentum ions of a given charge Z show
a substantially higher LET than relativistic beam ions of
similar charge. Heavy and slow target fragments may thus
generate a higher LET and such introduce higher require-
ments to the latch-up tolerance of the technology than the
relativistic beam ions considered so far. However, it was so
far not studied if such ions would reach the MVD.

Two independent strategies were tested, which were
(i) shooting beam ions generated with the FairlonGener-
ator on the target, which turns into a fragment production
by GEANT4, and (ii) the simulation of heavy ion colli-
sions with the so-called DCM-QGSM-SMM model, which
also simulates collision fragments, and transporting those
fragments with GEANT. The simulations were performed
CBMRoot for the VX (Vertex) and TR(acking) detector ge-
ometry for Au+Au collisions of 3.5 A GeV with 30% mag-
netic field, and 12 A GeV with 100% magnetic field.

Fig.1 shows energy and charge of fragments hitting
the MVD stations. They were produced with 105 DCM-
QGSM-SMM events, starting their track in the middle of a
25 um Au-target assuming a 12 A GeV Au beam and the

*m.deveaux @gsi.de
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Figure 1: Kinetic energy of nuclear fragments created by
the 12 A GeV Au-beam in the CBM target vs. the ion
charge Z. Inlay: Spatial distribution of ion hits on the
sensors of the first MVD station (TR geometry) per 10°
minimum bias collisions.

TR(racking) geometry of the MVD. The simulations indi-
cate that the MVD is hit by a variety of ions up to the Z
of Au. Still, the energy of the heavier fragments appears
limited to <1 A MeV, which limits their range in Si to few
10 um. The inlay of Fig. 1 shows the spatial distribution
of the ion hits on the first MVD station (TR detector ge-
ometry). All sensors of the station are hit. However, the
sensors mounted on the downstream side of the carrier are
less exposed as most of the low energy ions are stopped by
the ~ 300 um thick, carbon based cooling support of the
station. The more downstream stations (not shown) are ex-
posed to substantially less ions. The simulations relying on
the FairlonGenerator and GEANT4 yield similar results.

One observes the MVD to be exposed to slow and heavy
target fragments. According to first SRIM [4] simulations,
highest Z fragments are too slow to reach the vulnera-
ble structures located behind an anticipated 10 um thick
passive layer (SiO2 and metal lines) covering the sensors.
Still, some fragments create a substantially higher LET
than beam ions. After being scrutinized, this finding will
guide the scheduled test on the heavy ion tolerance of the
MIMOSIS-1 sensor prototype.
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CBM-MVD: vacuum-tight, PCB-based electrical feedthrough

M. Koziel*', P. Klaus', J. Michel', C. Miintz", J. Stroth'?, and the CBM MVD team'*3
!Goethe University Frankfurt, Germany; 2GSI, Darmstadt, Germany; 3PICSEL group, IPHC Strasbourg, France

This report will summarize the activity towards dedi-
cated, PCB-based electrical feedthroughs for the CBM-
MVD operating in vacuum of the target chamber of CBM.
Space restrictions and harsh working conditions w.r.t. ra-
diation call for passive FEE placed in close vicinity to
the MVD sensors. The read-out concept calls for 900
data and clock links between the GBTx ASICs (outside)
and FEB boards (inside the vacuum). In addition, lines
for power, detector control (via GBT-SCA) and dedicated
sensors (e.g. temperature monitoring), remote positioning
and grounding have to be provided. To feed the desired
amount of interconnections between the FEE and R/O elec-
tronics placed in immediate vicinity on the target chamber
flange outside the vacuum, commercial feedthroughs are
not available.

A PCB-based electrical feedthrough concept was se-
lected to provide the required signal density. To do so, dedi-
cated PCBs are glued in narrow slits of the vacuum flanges.
Four of those flanges will be employed later. Hence, in a
first step, vacuum tightness has to be demonstrated. Fig-
ure 1 left shows the corresponding CAD design, providing
connectivity for flex cables (top side, vacuum), and space
for GBTx functionality. To realize the task, we needed
to produce the elements shown in Fig. 1, right. First, the
dummy PCBs (Fig.1(1)) were inserted in the slits of the
3D-printed holder (Fig.1(3)). Then, the 3D printed element
called glue-stop (Fig.1(2)) was placed such that it was in
the direct contact with the holder. In the least step the CNC
machined feedthrough plate (Fig.1(5)) was positioned in-
side the holder. Then the slits inside the feedthrough plate
were filled with low amount of TorrLab™ vacuum com-
patible adhesive. This particular adhesive was used since
its (not too low) viscosity allows for controlled applica-
tion and curing. When the gaps between the PCBs and
the feedthrough plate were preliminarily sealed, EpoTec™
301 was used to fill the rest of remaining space. Both adhe-
sives were out-gassed to remove bubbles before use. After
the steps of applying the adhesives, the constructed object
was kept at 70°C for a short time to lower the viscosity
of adhesives, and therefore, allow them to penetrate accu-
rately the targeted areas. Then, the curing was performed at
room temperature to eliminate any thermal expansion prob-
lems that might occur when curing is done at temperatures
different than a targeted working temperature of the object.
After curing the feedthrough plate, now holding the PCBs,
was dis-attached from the holder. This operation was rather
sophisticated due to the tight tolerances between elements

*m.koziel @gsi.de

10

Figure 1: Left: CAD design of the electrical feedthrough,
and elements used to built its first prototype (right).

Figure 2: Feedthrough connected to the UFO test stand.

and the fact that the glue-stop demonstrated not to be 100%
efficient, calling for further optimization to ease the pro-
cess and most likely improve the yield. In the last step,
the feedthrough plate with PCBs was glued to the CNC-
machined CF160 flange (Fig.1(4)). Also in this case, both
already mentioned adhesives and the same procedure have
been employed.

The final device, depicted in Fig. 2, was mounted to
the UFO [1] vacuum chamber and tested. In a first round
of tests about 20 pressure cycles between the atmospheric
pressure and 10~3 mbar were applied. No obvious me-
chanical damage was noticed. Prototyping and testing will
continue to further optimize the production procedures and
to demonstrate long-term vacuum operation to qualify the
device for deploying in the CBM (vacuum) target chamber.
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We report on first experiences with the new MVD mono-
phase cooling employing NOVEC-649™ from 3M™ [1]
as coolant. The UFO [2] test stand, dedicated to the ther-
mal characterization of MVD components, has been re-
cently upgraded with a novel mono-phase, closed-circuit
cooling system JULABO™ PRESTO A40. The need for
this upgrade was motivated by the wish to switch from stan-
dard coolants like glycol-water or silicone-based mixtures
to most modern dedicated coolants, optimized for the MVD
operation temperature range of -20 to 0°C, e.g. the NOVEC
line from 3M, becoming a standard at CERN experiments
[3]. The CBM-STS has also abandoned two-phase cooling
towards mono-phase cooling with 3M NOVEC-649. The
custom STS cooling system will have enough power and
interconnection to provide cooling for the MVD systems, a
consolidation reducing costs and concentrating expertise.

The JULABO PRESTO A40 was ordered as a CERN-
recommended small-scale closed-circuit system, ideal for
basic tests with NOVEC-based refrigerants, i.e., adapting
the MVD cooling concept, characterize heat-sinks and op-
timizing operation parameters such as flow. First, the JU-
LABO chiller was filled with several liters of NOVEC-649
and its input and output were shorted for test purposes. Af-
ter eliminating all leaks we connected the cooling system to
the UFO test-stand equipped with Swagelok stainless steel
pipes and fittings providing a refrigerant to a device under
test inside the vacuum chamber. Although, no leaks were
reported while running the UFO stand with glycol-water
cooling liquids in the past, we observed a significant fad-
ing of the coolant in the order of 1 I/week. The NOVEC-
649 is known as a highly-evaporating, and therefore, more
demanding liquid in terms of a cooling system hermiticity.
We are currently working on detecting and eliminating the
leaks by using a dedicated leak-detector (Testo 316-4 [4])
to allow for 24/7 operation as a next step.

The observed leaks did not hampered us from testing
the heat-sink and pCVD diamond based DUT described in
[2]. Figure 2 depicts, as example, the pressure drop over a
MVD heat sink prototype comparing a Glycol-water (1:1)
mixture and NOVEC-649 as coolant. The lower value es-
pecially at high flows and low temperature (-10°C) indi-
cated the beneficial impact of the significantly lower dy-
namical viscosity of NOVEC-649 (1.02 cP at -10°C) com-
pared to the Glycol mixture (15.2 cP at -10°C), and it rec-
ommends NOVEC-649 for the envisaged MVD operation
temperature range.

*m.koziel @gsi.de
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Figure 1: JULABO™ PRESTO A40 cooling system.

Pressure Drop over the Heat Sink,

for Glycol-based and NOVEC-649 Coolant
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Figure 2: Measured pressure drops over a MVD heat sink
(latest CTX version) vs. the flow of the coolant, com-
paring NOVEC-649 and a Glycol-based mixture (Gly-
col:water=1:1).The green arrow flags the difference in per-
formance of the coolants under study at low temperatures
and high flow.
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Silicon Tracking System — Summary

J. M. Heuser', H. R. Schmidt'?, and the CBM STS working group
!GSI, Darmstadt, Germany; 2Eberhard Karls Universitit, Tiibingen, Germany

In the course of the year 2020, the Silicon Tracking Sys-
tem project achieved essential progress towards starting de-
tector assembly in 2021. Two major events took place on
the central topic of module and ladder assembly, the most
labour intensive and delicate work aspect of the STS con-
struction effort.

Project Retreat, Engineering Design Review
on module and ladder assembly

From 17 to 18 February 2020, about 40 members from
the STS project teams [1] met in the Odenwald country
side, about an hour away from GSI, and discussed in top-
ical sessions the different aspects and status of module
and ladder assembly [2]. The work relates closely to EU-
Horizon2020 project CREMLINplus [3], whose work pack-
age 2 entitles “Development of instrumentation for NICA
and FAIR/CBM?”, and served as its first deliverable. A hun-
dered page document [4] resulted as a written account of
the development status of components, tools and handling
procedures including quality control and logistics. Open
issues were named and a task list assigned to follow-up
their resolution. This was largely achieved over the year,
together with the demonstration of functional modules on
partly completed half-ladders.

This led the base for carrying out on 16 December 2020
the Engineering Design Review (EDR) of module and lad-
ders [5], with 5 external reviewers — this time fully re-
motely via video conference due to the pandemic imposed
restrictions. Questions that came up during, or after, the
review for further clarification or summary of a given is-
sue, have been received and are - at the time of writing
this report - close to completion and resubmission to the
reviewing board. A central statement at the review was to
structure the beginning of detector construction with a clear
pre-production phase, resulting in a small number of fully
assembled full-size ladders, and to allow for sufficient time
to thoroughly test the objects under the anticipated opera-
tion conditions, i.e. at the targeted temperatures of cooling
fluids and gas, and cycles of the operation conditions, be-
fore production readiness can be declared. Those activities,
including the outfitting of the STS assembly lab towards
the production configuration, are now ongoing. This in-
cludes an outside container hosting a “baby” cooling plant,
the power supplies and data taking servers, along with re-
alizing the necessary cable connections and piping into the
laboratory room.

Progress made in the related activity fields is briefly sum-
marized herafter; selected aspects are further outlined in
the individual contributions to this chapter.
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Module components, assembly, performance

The series production of silicon sensors was completed

in 2020. Nearly 1200 sensors have been delivered. At
GSI, a thorough and work-intensive quality control took
place, extending the factory inspection at vendor Hama-
matsu Photonics to their performance at higher operat-
ing voltages, important for placing the sensors in high-
radiation regions of the detector, and going also to ad-
vanced optical inspection beyond the manufacturer’s pro-
cedures. Good sensor material is available and the final
grading ahead for the start of the module assembly.
Microcables are already produced at the Ukrainian vendor
LTU Ltd; high-precision mask sets for around half of of
the modules have been procured and sent to the processing
site, and a good quarter of cable sets has already been pro-
duced.
The read-out ASIC STS-XYTER has been fabricated, af-
ter its EDR in 2019, as version 2.2 in its pilot production.
The about 2500 ASICs allow their application for numer-
ous prototype modules to drive-in their pre-production as-
sembly. Also the power regulating ASIC LDO was pro-
duced in its two variants (1.2 and 1.8 V) as well. Both are
installed on the circuit of the front-end board FEB-8 which
has been adapted in its design to fit the new electronics.
Production Readiness Reviews of STS-XYTER ASICs and
FEBs are scheduled for March 2021. The availability of the
first-of-series FEBs sets the date for the start of pre-series
module and ladder assembly, expected to be in May 2021.
The module assembly procedure has been fully established,
materials (e.g. protective glues and thermally conducting
glue to attach FEBs to cooling fins) have been chosen. A
significant number of modules has been assembled which
allows assessing the yield during the different assembly
steps, and for compleded objects. The modules recently
assembled showed full funcionality.

Ladder components, assembly, performance

The carbon fiber frames for the bulk amount of the lad-
ders were produced already in 2019. In the reporting year,
the central ladders were addressed, featuring a cut-out to fit
with the beam pipe reaching through the STS detector vol-
ume. An engineering study yielded finite-element calcula-
tion results on the stability to be expected in a particularly
low-mass solution. This was confirmed with prototypes
produced. A further iteration is required to achieve higher
mechanical stability, which is an ongoing activity. L-legs
have been produced in full amount in industry, after the
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model of the prototypes manufactured at JINR. The bear-
ings for the attachment of the ladders to the detector units
have been developed and verified to achieve the required
mechanical precision also under thermal cycling. They can
be readily ordered in industry.

The ladder assembly tools have been designed and are
available in full ladder length. They can be copied to later
parallelize ladder assembly. The photo on the title page of
this chapter shows a mechanical demonstrator of a fully as-
sembled ladder, carrying 10 silicon sensors attached with
L-legs to the carbon fiber frame, and mock-up microca-
bles streching to the ladder’s ends. The sensor positions,
shown in the graph, and their mounting precision have been
checked on a metrology stand at GSI.

A half-ladder populated with three modules was assembled
and integrated on mSTS unit 3, installed in the COSY box
serving as test system in the laboratory. The system in its
realistic configuration with power boards, low and high-
voltage supplies and filtering, as well as prototype read-out
boards demonstrated full functionality of the modules and
the integration procedure, on important achievement for the
module/ladder EDR.

System design, integration, services

The detector construction advanced on many issues. The
detector units are being further details in terms of mod-
ule arrangement on the ladders, leading to detailed charts
of module and ladder variants, e.g. with respect to the re-
quired microcable specifications and ladder assembly tools.
Fitting the electronics boxes of modules facing each other
on adjacent units led to a change request of STS geom-
etry, introducing 5 mm more space between its units and
thus a 40 mm longer STS, to be extended beam-upstream
and thus requiring to move the target/target vacuum with
MVD detector by that amount. The routing of cables, cool-
ing lines and other services in the design is ongoing. A
task force group has been created to address the thermal
enclosure and the panels on the front wall to host the con-
nector arrays for low and high voltage supply, as well as
cooling fluid pipes. The specifications for power supplies
are established to have a sub-set of all devices available
for pre-series production, system tests, and to start tender-
ing of the full amount of devices later in 2021. A thermal
demonstrator has been set up to verify various issues re-
garding electronics and sensor cooling, as well as thermal
insulation, and temperature and humidity monitoring and
control. A full-size mechanical demonstrator is emerging
to study the different mechanical aspects, e.g. unit mount-
ing, insertion of C-frames, and the installation of the STS
beam pipe section. The pipe, after a first prototype pro-
duced years back, is now being taken up, together with
the GSI construction department and the new CBM beam
pipe coordination project, in terms of engineering design, a
new prototype, and supporting technical and physics simu-
lations.
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mSTS completion

The demonstrator system mSTS has been operated in
the mCBM experiment’s run in 2020. It comprised one
of its in total four units and had one detector ladder with
two modules installed. Both modules were operational
and allowed for a number of studies, in particular of the
front-end electronics configuration and its long-term sta-
bility. The system performance in terms of noise was suf-
fering from a longer-standing, supposedly external electro-
magnetic impact from the mCBM environment, which was
neither present in the STS assembly laboratory nor during
the beam-test carried out in 2019 at COSY. In a dedicated
study, this was finally identified as coming from the nearby
vacuum pump for the target chamber and the beam pipe as
a wave guide that brought the signals close to the modules.
The “cut-out” structure in the mSTS enclosure, necessary
to achieve the spatial configuration of the systems in the
confined area of the mCBM target region, was identified as
the weak spot, not shielding sufficiently against the electro-
magnetic impact. A new 3D-printed mechanical structure
was produced, made from power-dissipating plastic mate-
rial and coated with copper foil, thus realizing a good Fara-
day cage. The noise is now at the laboratory level close to
the theoretically expected value. This allows now complet-
ing the mSTS units with the remaining modules and ladders
for the coming mCBM data taking campaigns.

STS construction: teams and timeline

The module assembly work will be shared by the teams
at GSI, KIT and JINR. Ladder assembly will be done ex-
clusively at GSI, as well as the system assembly with sup-
port from the STS project teams. The timeline drawn in
the STS project plan schedules the start of module and lad-
der pre-production in May 2021, followed by a Production
Readiness Review in October 2021 and the series detector
production until December 2023. System integration and
fractional commissioning is carried out as made-to-order
detector components arrive, going in hand with unit by unit
assembly, and streches from mid 2022 to March 2024. Full
commissioning of the STS in the lab is to be achieved by
August 2024, with the detector being made ready for in-
stallation into the CBM cave by October 2024.
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Basic electrical inspection of silicon microstrip sensors for the STS

O. Bertini', K. Schiinemann', M. Shiroyal’z, S. Mehta®, U. ankenfeldl, J. M. Heuser',
A. Lymanets], and A. Wilms'

IGSI, Darmstadt, Germany; 2Goethe Universitiit, Frankfurt am Main, Germany;
3Eberhard Karls Universitit, Tiibingen, Germany

In 2020, Hamamatsu Photonics as vendor of the STS sili-
con microstrip sensors, has completed delivery of the series
production sensors, alltogether 1191 devices in four form
factors. They all fulfil the agreed key specifications:

full depletion voltage: 40 — 150 V;
breakdown voltage: > 200 V;

leakage current: < 1.5/3/4.5/9 pA at 200 V (for
sensors 6.2 cm by 2.2/4.2/6.2/12.4 cm);

bias resistance: 0.5/1/2 MQ;

number of defect strips (short in AC coupling insu-
lation, Aluminum opening, and Aluminum short to
neighbor strips): max. 15 per side.

Basic electrical inspection as a part of the sensors’ qual-
ity control (QC) aims to define the quality grade of each
sensor in order to determine the best position of the sen-
sors in the final setup.

Quality inspection

At the GSI Detector Laboratory’s clean room all re-
ceived sensors were tested on custom-specific probe sta-
tions for their current-voltage and capacitance-voltage
characteristics. First of all, a comparison of measurement
data with vendor data was done to exclude possible dam-
age of sensors during transportation. Exemplarily, Fig. 1
shows the measured detector current and full capacitance
for the sensors of variant 6.2 by 4.2 cm in comparison of
vendor data and acceptance inspection at GSI - which was
extended to higher bias voltage up to 500 V, important for
sensor deployment in high-radiation regions of the STS de-
tector.

Radiation regions

As it is illustrated on the example for one station in the
Fig. 2, the sensors will - at the end of their life time, - have
accumulated different amount of the non-ionizing energy
loss dose, depending on their positioning. This requires
that some sensors, due to radiation damage with time, will
be operated at the much higher bias voltage than 200 V, the
maximum possible testing value at the vendor. All 1191
sensors have been tested electrically to check which maxi-
mal reverse bias voltage (up to 500 V) can be applied — this
is shown in Fig. 3.
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Figure 1: Current-voltage and capacitance-voltage mea-
surements from Hamamatsu and CBM comparing a 6.2 by
4.2 cm sensor. Vendor data corresponds to blue points,
measurement to extended bias at GSI to red points. Both
current measurements are normalized to the to same tem-
perature 20°C.

Quality grading

Based on our studies of irradiated sensors [1], three (still
preliminary) sensors quality grade have been defined as
listed in Table 1. The resulting required amount of sensors
of each quality grade, to match the radiation distribution in
the STS detector, is summarized in Table 2.

In order to grade the received sensors, a scheme has been
conceived [2] based on the ratios (1) of the sensor currents
at the four distinct reverse bias 150 V, 250 V, 350 V and
500 V. The obtained values are then used for a simplified
sensors radiation tolerance classification applying the cuts
as of Table 3. Initially done for the first batches [2], this
has now been adapted to the full amount of sensors.
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Despite of the fact that for a fraction of the sensors a
increase of the leakage current w.r.t. the vendor data and
vice versa was observed (which is under further study [3]),
a corresponding preliminary estimation of the number of
sensors in each quality grade was done which is summa-

rized in Table 4.

Figure 3: Current-voltage characteristic for all 1191 sen-
sors received, extracted from the data base. The sensors
with observed charge-up [3] characteristics prior to their
further treatment are also included here. Each panel corre-
sponds to one of the four sensor variants.
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Table 3: Cuts applied for quality grades determination.
Current ratio  Grade A Grade B Grade C

R1 - - [1.0;2.0]

R2 - [1.0;1.13] -

R3 [1.0;1.15] - -

Table 4: Preliminary extended basic electrical QC results.
Sensor height total A B C fail
22 mm 108 98 2 7 1
42 mm 349 260 17 66 6

62 mm 353 247 15 79 12
124 mm 381 214 26 117 24

Conclusion

An overall quality grade will be calculated from all avail-
able information: optical inspection, basic electrical in-
spection, strip test and vendor data. Also the curing of
sensors with larger currents will become effective benefi-
cially on the grading. The preliminary inspections results
allow us though already now to conclude that we received
sufficient sensors of good quality to deploy them in the STS
detector.
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Stabilization of sensor current characteristics prior to module assembly

A. Wilms, C. J. Schmidt, H. Al-Turany, J. Bailey, P. Fleck, J. Neumann, and K. Schiinemann
GSI, Darmstadt, Germany

Observed unstable sensor bias current
characteristics during sensor QC

The determination of the sensor bias current character-
istics is one part of the electrical quality control (QC) for
the silicon strip sensors of the STS. The measured param-
eters will be used for grading the sensors so that they may
be allocated along their level of radiation tolerance. Dur-
ing the measurements, several sensors with unusual bias
current behavior were identified. Similar bias current mea-
surements are performed on vendor site prior to shipment.
The effect observed at GSI can also be recognized in the
vendors’ data for some sensors. It can be explained as some
kind of charge-up of the corresponding device. A more
detailed investigation of the affected sensors was done to
elaborate an appropriate ‘stabilization procedure’ for the
bias current of the corresponding sensors prior to their as-
sembly as a part of a module. Without external interven-
tion(s), the observed time constants, in which the sensor
bias current becomes stable and stays so for several weeks,
cover the broad range between a few days/weeks and sev-
eral months. In total approximately 200 sensors of different
sizes were identified that they need to be treated and stabi-
lized in the coming months.

Evaluation of stabilization procedure

The procedure to be chosen as candidate for the sensor
bias current stabilization has to fulfill the following require-
ments:

e Duration time as short as possible, which practically
means

Applicability to a large amount of sensors simultane-
ously,

No influence on the device performance or other char-
acteristics,

Long term stability of the device bias current, which
implies

Avoidance of possible re-charge up of the device dur-
ing further handling.

Until now three different types of unstable behavior could
be identified. Among them two subtypes were observed.
Discussions with the vendor lead to the attempt of discharg-
ing the sensors through a bakeout treatment up to 200°C for
several hours.
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In Fig. 1 one example for such unusual bias current char-
acteristics as well as the same characteristics after differ-
ent attemps had been made and procedures followed to
relyably stabilize the bias current are shown.
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Figure 1: Bias current characteristics of one designated
sensor before and after application of stabilization proce-
dures.

In Figs. 2 and 3 some results of the applied stabilization
procedure are shown for a sample of sensors showing the
same designated type of charge-up before treatment.

Conclusion

Even though the investigations to identify the origin of
the observed charge-ups is still ongoing and the physical
effects resulting in such bias current characteristics are still
to be identified in detail, an appropriate stabilization pro-
cedure was found for most of the sensors affected [1]. Re-
producibility as well as longterm stability (> one month)
of the bias current of the devices treated accordingly were
tested with positive result (cf. Fig. 3). Fine-tuning of the
bakeout procedure to be applied on the remaining sensors
showing different types of charge-up is work in progress.
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Figure 3: Characteristics of the same sensors as shown in Fig. 2, one additional month of storage later.
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Electrical inspection of strips

I. Panasenko', H. R. Schmidt'?, O. Bertini®, E. Lavrik®, U. Frankenfeld?, A. Lymanets*, M. Shiroya?,
and J. M. Heuser*

"Eberhard Karls Universitét, Tiibingen, Germany; 2GSI, Darmstadt, Germany; 3FAIR, Darmstadt, Germany

The CBM Silicon Tracking System will employ 876
double-sided micro-strip sensors. Optical and basic elec-
trical inspection of the sensors was carried out during the

. : — 10° — = — : : —
whole 1a§t year. EYery sensor has 1024 strips per side < SENSOR: 02171 -‘N_side
placed with 58 um pitch. They collect charge produced by = [, TYPE:CBM-H2-DM B Psice
particles from beam-target interactions and thus their in- = - © Defective sirip

tegrity is of high importance. Electrical inspection of strips
focuses on two aspects: Integrity and compliance of param- 10?
eters with the CBM specifications [1].

The goal of the integrity tests is to identify defective
strips. There are three important defect classes to distin-
guish: “pinholes”, strip breaks and shorts. Pinholes in the e
coupling dielectric layer compromise AC readout and are ——
the only defect type that is potentially dangerous for the 0 200
readout ASIC, if a too large current flow or voltage occurs. Strip
Strip breaks and shorts only affect signal read out. As an 1 —
example, false multi-strip hits can be observed in case of a T e
short of two or more neighboring metal strips. O Defective sirip

Three parameters, namely dielectric current, strip capac-
itance and resistance are measured as a part of the standard
integrity test procedure. They are used for defect analysis 40
and, at the same time, provide essential information about
coupling capacitance and polysilicon resistance. Measure-
ments of these parameters are performed on the dedicated
custom-built probe station that was developed at University
of Tiibingen. We already reported on its installation in the 0 ——
GSI Detector laboratory in [2] where also a description of
the setup can be found.

Electrical inspection of strips is currently in progress.
Figure 1 shows an example of the inspection data for a
2 x 6 cm? sensor where identified defective strips on both
of the sensor sides are highlighted. After advanced analy-
sis is applied, a defect class is assigned for each strip with
irregular parameters. Correlation with visible defects iden-
tified in optical inspection has been established, as well as
pinhole data provided by vendor has been verified for in-
spected sensors. After one full batch has been tested, strip
electrical inspection can be narrowed to one sensor per pro- L
duction batch in order to control strip parameters. Suspects 0 200
from optical inspection are an additional subject for elec- Strip
trical inspection.
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Results of the series optical inspection of STS silicon micro-strips sensors
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Introduction

The Silicon Tracking System (STS) is the key detector
of the Compressed Baryonic Matter (CBM) Experiment to
determine primary/secondary track and momentum infor-
mation of the particles that are passing through the CBM
physics aperture (polar angles 2.5° - 25°). The STS com-
prises 8 tracking stations and is located inside the 1 Tm
dipole magnetic field. The tracking stations are built from
106 carbon fibre supporting ladders on which 876 silicon
sensor modules will be placed with the support of L-shape
legs. Double-sided silicon micro-strip sensors of 4 differ-
ent sizes — 6.2x2.2 cm?, 6.2x4.2 cm?, 6.2x6.2 cm? and
6.2 12.4 cm? - will be used to build detector modules. The
sensors are 320 £15 pm thick. The strip pitch of 58 yim re-
sults in a single-strip spatial resolution of about 16 ym. The
strips on the p-side of the sensor are inclined w.r.t. n-side
strips by an angle of 7.5° to reduce the amount of ghost hit
events. Each sensors has 1024 strips on both p and n side,
with their read-out at one sensor edge.

Optical inspection of the sensors

In total 1191 sensors (see Table 1) were received from
fabrication at Hamamatsu Photonics and underwent quality
control at GSI.

Table 1: Total amount of the sensors expected to be used in
the STS detector.

Sensor size (cm?) No. of sensors  Fraction (%)

6x2 108 9.07
6x4 349 29.30
6x6 353 29.64
6x12 381 31.99
Total 1191 100

In order to assure the quality of the sensors different in-
bound quality control checks are performed. The first step
is the optical inspection of their surface. Per agreed spec-
ifications with the vendor, the silicon sensors allowed to
have up to 30 defective strips. However, there might be
more defects that could worsen the sensor’s overall quality
and performance, if they are present in substantial numbers
or in clusters. We can identify a number of sensor surface
defects, or apparent irregularities: implant breaks, p-stop
breaks, double metal layer defects, dust grains, aluminium
opens, aluminium shorts, scratches, passivation layer open-
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ings and resistor defects etc, which can not all be addressed
by the vendor’s control. The defect detection technique is
described in depth in [1]. In this work, a custom made
setup for automated sensor QA was built at University of
Tiibingen. It was then moved to the detector laboratory at
GSI for sensor series production inbound quality control.

A variety of defects and also their clusters were detected
on the surface of different sensor size using the Convolu-
tional Neural Network (CNN) object detection approach.
Based on the total amount of defect observed on the sen-

|

Figure 1: Different defects on the surface of silicon sensors
identified with the neural network after training.

sor’s surface while evaluating the data, a quality grade was
assigned to each sensor so that the best sensors with the
minimum amount of surface defects can be chosen for their
use in the module assembly for the STS. Figure 1 shows de-
tected double metal layer, p-stop break, implant break and
passivation open defects using CNN. The efficiency of the
neural network to find the defects of a particular class was
found to be 91.52% with an error about 8.48%.

Overview of the results

In this section, the results of the total number of defective
strips, quality grade and quality score is discussed. Also,
presence of defective strips clusters were seen on the sen-
sor’s surface. The result of defective strips map and map-
ping of the defects is also presented here.
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Total number of defective strips

Figure 2 shows the total number of defective strips, ac-
counting for implant break, p-stop break, aluminium open,
aluminium short, for p and n-sides of the sensors of all
types. Some sensors comprise more than 30 defective
strips. Among these there was one sensor observed with
126 defective strips.

T T
—e— Sensor type: All
—eo— Side: P & N - side
—e— Entries 1191

Entries

| B

40

60
Defective strips

80 100 120

Figure 2: Total number of defective strips per sensor, for
the entire set of sensors received.

Quality grade

For the analysis of the sensor’s quality grade, only the
defects like implant break, p-stop break, aluminium open
and aluminium shorts were taken into account. The quality
grade scheme is categorized into four classes. The number
of flawed strips considered in each grade is listed in Ta-
ble 2. A summary of the assigned grade to the sensors of
all four type is shown in Table 3. The majority of the sen-
sors, 1021 specimen, have received grade A. On the other
hand, 147 and 19 sensors were found to be in grade B and
C, respectively. Only 4 sensors were assigned a grade D.

Table 2: Quality grade definition with the amount of defec-

tive strips considered.
Grade A
Defects <15

B C
<30 <45

D
> 45

Table 3: Summary of the resulting sensor quality grades.

Sensor size (cm?)  Grade A B C D
6x2 106 2 0 0
6x4 346 3 0 0
6x6 330 19 4 0
6x12 239 123 15 4
Total 1021 147 19 4
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Quality score

The quality score of the sensor was estimated by assign-
ing a certain penalty factor to all type of observable de-
fects, or irregularities. The total number of individual de-
fects found on the sensor’s surface was then counted. A
penalty factor was applied to the defects of each class to
determine the quality score between O and 1. Figure 3 rep-
resents the quality scores for all sensors. The mean value,
after a Gaussian fit, is about 75%. So far, the quality score
has not yet been applied towards the sensor grading.

1
—e— Data

801 —e— Sensor type: All

—e— Entries: 1191

b

—o— p: 0.7

Entries

0

0.4
Quality score

0.6

Figure 3: Quality scores for the full set of optically in-
spected sensors.

Defective strip map

There are 1024 micro-strips on each side of the sensors.
The defect types implant break, p-stop break, aluminium
open and aluminium shorts were used to create a defective
strips mapping.

Figure 4 shows defective strips from all sensors com-
bined, separately for the p and n sides of the sensors. These
histograms might identify the tendencies of a certain strip
regions to be defective. From the figure it is seen that the
n-side of the sensors has more defects compared to p-side.
However the distribution is quite uniform, without regions
of increased amount of defects.

Defective strips clusters

An algorithm was implemented that can find consecu-
tive strips (clusters) having a defect, for the classes of im-
plant break, p-stop break, aluminium open, and aluminium
shorts. As can be seen from Fig. 5, most of the sensors
have single-strip detects. Larger clusters occur with less
and less numbers. Few sensors have larger clusters of alu-
minium open and aluminium shorts defects. With larger
cluster sizes, e.g. five strips in a row, the defect types im-
plant break and p-stop break occur.
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Figure 4: Maps of defective strips for all sensors, separately
for p and n sides.
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Figure 5: Cluster size distribution of defects, for all sen-
sors. The mean cluster size is 1.36 strips.

2D maps of defects

A two-dimensional map of the defects was created based
on the position of a particular defect on the sensor’s sur-
face. The local coordinate values during the scanning were
converted into the sensor coordinates. Figure 6 shows the
mapping of 381 sensors of size 6 x 12 cm?, without dust
defects. It is noticeable that quite many defects of implant
break, p-stop break, scratch, double metal, and passiva-
tion open defects were found while very few defects of
aluminium open, aluminium shorts and resistor were ob-
served. Moreover, due to the use of the vacuum tool dur-
ing the sensor’s production at Hamamatsu Photonics (con-
firmed by the vendor), some of the defects or their clusters
have emerged in a circular pattern shape.
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Figure 6: Two-dimensional defect map for the sensor size
6x12 cm?, p and n sides.

Summary

Optical inspection of all delivered 1191 silicon mi-
crostrip sensors has been carried out. It allowed spotting
defect types beyond the vendor’s capabilities, e.g. such in-
terpreted as strip implant breaks. Most of the sensors were
assigned grade A. However, to confirm whether the defects
observed by optical inspection are really affecting the per-
formance of the sensors or not, and are correlated with the
vendor’s final inspection data, requires a dedicated study
with a specially assembled detector module. This is ongo-
ing effort. The information obtained about the strip defects
will be used for the module assembly and sensor arrange-
ment among the tracking stations.
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STS sensor ID verification using Computer Vision
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Introduction

Image processing using Open Computer Vision
(OpenCV) [1] has found wide application in machine
learning and object detection methods. An image is a
two-dimensional matrix of pixels. In an image, every
single pixel is represented by a particular value and further
categorized in three different colour channels called Red,
Green and Blue. For example, a 8-bit RGB image has 256
pixel values between 0 and 255. The colour channels are
used to extract the information from an image. However,
it depends on the application and how a particular object
is illuminated in an image. More on, a kernel is also used
widely in image processing. A kernel (2-dimensional
convolutional matrix) of different sizes (3x3, 5x5, etc.) is
used to remove noise, highlight features, and many more.
In our case, the application of image processing was used
to extract the sensor’s unique id information from an image
discussed in the following section.

Bit code id verification

The bit code is a sensor’s unique identification (ID) num-
ber encoded as scratch marks on dedicated pads placed
along the inactive rim on the P-side of the sensor. The bit
code provides us with information about the production lot
number, the wafer number in the production lot, and the
sensor number on the wafer. As can be seen from Fig. 1
the bit code is divided, due to its size, into two images of
the dimensions 2448 x 2048 pum?.

18
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Figure 1: Raw images of bit code information taken with
the optical inspection set-up.
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A contour finding technique was used to extract the in-
formation. The Region of Interest (ROI) was taken out af-
ter the process of np.concatenate() (to merge two images)
and a Gaussian blur filter applied (to remove noise). Fig-
ure 2 shows the isolated ID pattern with its five different
pad groups of which four contain scratch marks.

\
v
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Figure 2: Bit code information on the p-side of an image
after the concatenating process.

After that step, the RGB colour image (see Fig. 2) was
converted to a grey-scale image and then to a binary im-
age for the further morphological process, e.g. CLOSE, as
depicted in Fig. 3.
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Figure 3: Gray scale ROI converted to binary image.
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Figure 4: The extracted information of an internal contours
(top) and marked with red colour (bottom).

The internal contour information was taken out from
their external contour and highlighted by red colour as
shown in Fig. 4. Further details are accessible from [2].

Outlook

Finding a contour using OpenCV is a promising tech-
nique for verifying sensor’s unique id from an image. How-
ever, it has a few limitations. The technique would not
work when the internal contour is not closed because the
outer contour/s can not differentiate. Also, there should
not be any other object(s) like dust on the pad.
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Verification of the STS-XYTERV2.1 energy calibration using a 24! Am source
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The energy calibration of the STS-XYTERvV2.1 is a pro-
cedure based on the functionalities of the built-in internal
pulse generator [1]. The ADC absolute threshold is es-
tablished through a dedicated digital-to-analog converter
(DAC), the VRef_T. This 6-bit DAC value allows to adjust
the position of the signal baseline level relative to the set of
ADC discriminator levels, i.e. setting the effective thresh-
old without the need to modify the ADC transfer function
or the trim values [2]. This provides a convenient degree of
freedom that can be exploited during calibration or in case
of noise saturation. Therefore, for a correct operation of
the ASIC in the detector readout, a proper understanding
of the VRef T DAC and its transfer function is essential.

Although the VRef-T functionality was re-designed in
the v2.1 of the ASIC in order to operate in four possible
ranges [3], this work targets the largest range, which is
typically used during the module operation. To assess the
DAC response and to evaluate its linearity, a reference sig-
nal from a 24' Am gamma source was measured at different
VRef-T values.

The tests were performed with the module 03T1_3, pro-
duced for the mSTS project. The module was built using a
6.2 x 6.2 cm? silicon sensor interconnected with two FEB-
8 via 42 cm long microcables. The testing setup consists of
a light-tight aluminum box, which also provides shielding
against electromagnetic interference. The box is equipped
with a water cooling system for the FEB-8, and it integrates
a holder for accurately positioning of a radioactive source.

During the measurements, the sensor was biased sym-
metrically at 150 V and analog signals were read out from
all 1024 channels on each side. The overall noise perfor-
mance was evaluated for both polarities. The ENC distribu-
tion across all channels is illustrated in Fig. 1. Moreover, to
have a better energy resolution, the module was calibrated
for a reduced, small ADC range (~3.4 fC) with the settings
shown in Table 1.

Table 1: Average results from the ADC calibration of the
module 03T1_3.

Parameter n — side p — side

ADC gain [fC/LSB] 0.113 +0.007 0.103 £ 0.002

Thres. spread [e™] 330 230
Results

The tests were carried out using as a reference the
59.5 keV gamma line from a non-collimated 24* Am source
with an activity of 37 MBq. The values of the VRef_-T DAC
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Figure 1: ENC distribution for module 03T1.3.

were scanned between 51 to 58 LSB, with steps of 1 LSB
unit. At each register value, a source and a corresponding
background measurements were recorded. The calibration
of the ADC with a fine resolution brought the possibility
to reconstruct the source spectra in each case, where the
gamma photopeak could be identified. Figure 2 shows an
exemplary spectrum acquired at a VRef_-T = 56 LSB, where
only 1-strip cluster signals were considered. The low en-
ergy peaks in the gamma spectrum such as 13.6 keV and
26.3 keV were not observed due to the high threshold value.
The data was fitted with a Gaussian function in order to ex-
tract the peak centroid. The procedure was repeated for all
ASICs on both p- and n-sides.
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Figure 2: Gamma spectrum of an 24! Am source measured
with the module 03T1_3 for different Vref_T threshold val-
ues.
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From the peak position at different VRef-T values,
shown in Fig. 3, it is possible to check the register linearity
in this range, and assess the equivalent of 1 LSB in elec-
trons or as a function of amp_cal LSBs. The last one, is a
measurement of the ASIC pulse generator. Figure 3 shows
the measured linearity for the change in VRef_T values.
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Figure 3: Linearity check of the VRef-T DAC using the
59.5 keV gamma line of an 2*' Am source.

The measured slopes show deviations from unity of few
percent, up to 5%, and some differences in the different
ASICs.

Using the transfer function, and recalculating the offset
for each value of VRef T, the deposited energy can be cal-
culated as E = gain * peak * fC/e + offset, where peak
is the mean of the gaussian fit. Using an average of the
peak value over all the VRef-T measurements, we obtained
14592 (15877) e~ for the n (p) side.

Using the corresponding noise measurements of 1193
(1121) e~ for the n (p) side, we have calulated a signal-
to-noise ratio of 12 (14).

In order to get an estimate the charge collection effi-
ciency, the measured charge has to be compared to the es-
timated value for the 59.5 keV gamma line of the 24! Am
source.

However the collected and the measured charge are
slightly different, because the input capacitance of the elec-
tronics is not infinitely large compared to the detector one.
So, in order to determine which fraction of the total charge
collected by the sensor is really sampled by the electronics,
we must consider, in a first approximation, the total capac-
itance in the signal path. This can be estimated using an
open-loop gain assumption for the amplifier.

We assume that all the charge is collected on the sensor
which is fully depleted and not irradiated. Therefore we
expect 59 keV/3.6 eV ~ 16400 e~.

This value has to be corrected by 1/(1 + Cqet/Cinp)s
where Ciyp, is the dynamic input capacitance of the CSA,
and Cget is the capacitance of the whole detector system.
The detector capacitance is given by the sum of the ca-
pacitance of the sensor and the microcables, i.e. Cgey =
Chic + Csensor = 22.16 pF. The dynamic input capaci-
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tance can be estimated using the open-loop gain relation-
ship, Cinp = A - Crecdback, Where A ~ 4.8 kV/V, as it
was in the STS-XYTERV2.0, and not modified in the v2.1;
Cteedback = 100 fF, established for the STS mode chip.
Therefore we can estimate Cin, ~ 480 pF.

We can then determine the fraction of charge that is sam-
pled by the electronics: Queas/Qcon = 16400 - 1/(1 +
Caet/Cinp) ~ 16400 1/(1+22/480) = 16400 - 95.6% ~
15700.

This value, compared to the signal we have measured,
using an average of the measurements on the p and n-side,
would correspond to a charge collection efficiency of ap-
proximately 96%.

Summary

In summary, we have developed an energy calibration
procedure based on the functionalities of the built-in in-
ternal pulse generator which, together with a dedicated
digital-to-analog converter, provides the ADC absolute
threshold. The response was tested with a reference signal
from the 59.5 keV gamma line of a non-collimated 24! Am
source, measured at different VRef_T values. The peak po-
sition of the source spectra was obtained with a gaussian
fit, and shows a good lineary with respect to the change in
VRef-T in the tested range, with deviations of few percent,
and small differences among ASICs. Using the transfer
function, and the corresponding noise measurements, we
have calulated a signal-to-noise ratio of 12 (14) for the p
(n) side, respectively, and a charge collection efficiency of
~ 96%.
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New and final ASIC STS-XYTER Version 2.2

The new and final version of the readout chip for CBM-
STS as well as CBM-MUCH has been submitted and pro-
duced during 2020. STS-XYTERV2.2 is a version with
only slight modifications compared to the previous ver-
sion 2.1. The engineering run which this time was exclu-
sively dedicated to the STS-XYTER chip was signed off in
December 2019 through a submission readiness review by
CBM-internal experts.

The aim of the submission was to realize certain modifi-
cations with a clear aim at minimizing risk of spoiling the
proper function of the chip, which would otherwise imply
an immediate full year delay. So no fundamental modifica-
tions were actually accepted. The following facts about the
STS-XYTER were in consequence acknowledged:

e The LVDS common mode capture range was identi-
fied through simulation to the range 0.5 V to 1.6 V.

e The thermal behavior was found OK. The STS-
XYTERv2.1 had been shown to operate and not break
at T > 200°C without glob top. This appears clearly
satisfactory. Operation at 40°C resulted in extra noise
of about 50 ENC. The chip also operates below -20°C.

e No changes on the front-end amplifiers were to be re-
alized. Even though the biasing resistance of the sen-
sor strips with 0.9 MOhm is lower than the desired
~ 10 MOhm resistance, the resulting noise from these
resistors will only be dominating until 20% end-of-
life fluence (EOL). After this point, leakage current
caused by radiation damage will dominate noise per-
formance.

e No change of assignment of the bits for DICED cells
was done.

e The almost full flag was decided to be left unaltered at
word 6 of the fifo.

The following modifications were agreed upon and con-
sequently realized in this production run:

e Bond pads were enlarged in various places and final-
ized as demanded by the bonding experts.

e Some electical traces very close to bond pads for dig-
ital power were buried deeper into the chip so as to
avoid shorts while bonding.

e The STS-XYTERv2.1 proved that the diode-version
of ESD protection avoids differential leakage that
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would cause offset drift. It protects the chip for pulses
up to 105 nC within ~ 50 ns. This is 4000 times more
than a Au-Ion could generate in the sensor. It was de-
cided to double the ESD-diode nevertheless and add it
to each channel input to forefeight the consequences
of an accidental sensor short through an excursing
beam which would additonally be protected by the
punch though circuit on the sensor. Only with dou-
bled diodes could the expected 500 nC charge pulse
be supported without damage.

e Fix to the bug on the readout of one particular global
register that could not be read back. Tune of the fast
reset timing circuitry such that fast reset would start
150 ns after an incoming pulse and then discharge the
pre-amp during a period of 100 ns.

e One unnecessary command cycle in resetting the
fifo-full state was identified and it was decided to
be removed from the circuit to speed up throtteling
turnaround.

e The ESD protective diodes of the clock and data in-
puts as well as the output pads were decided to be
doubled as to achieve 400 nC ESD hardness.

Figure 1: The new STS-XYTERv2.2 ASIC is available.

From this submission 6 full wafers were delivered with
roughly 2500 dies which were thinned to 200 um and diced
by laser stealth dicing at Disco Europe. The chip is now be-
ing characterized towards the final production readiness re-
view before the full amount of 100 wafers will be ordered.
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Quality Assurance (QA) and Quality Control (QC) tools for the CBM-STS
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The QA and QC tools of the silicon tracking system of
CBM currently in use, cover the spectrum from single com-
ponent delivery, over needed logistics up to the assembly
and testing of the assembled carbon fiber ladders. Exist-
ing tools are continously optimized and further tools to be
developed inside this framework will accompany the pro-
duction up to its final version. Up to now the production
of the STS at the three assembly sites (GSI, JINR, KIT)
is foreseen to be coordinated, streamlined and documented
using the following main groups of tools:

Redmine
elog
Data logistic tools

Component Database

Redmine

The STS-Assembly project as part of the CBM redmine
system [1] enables the participating sub-workgroups to co-
ordinate workflows, to handover action items between dif-
ferent sub-groups and to ensure adequate information man-
agement related to detector assembly. An overview of the
internal group structure of the redmine project is given in
the QA-Wiki of the STS [2]. The project mainly consists
out of sub-repositories dealing with general information re-
garding the CBM-STS assembly, the asssembly of mod-
ules and the assembly of ladders. Also groups correlated to
data-management and -logistics, as well as to related soft-
ware are existing. Additionally a logistics group is defined
to distribute logistic-information such as e.g. actual ship-
ping status of compounds and components. This coordina-
tion tool eases the execution and supervision of QA/QC-
and assembly processes within the STS-Assembly project.
Sub-group members can allocate tasks to members of their
own work-group and others, who can report on the corre-
sponding outcome to keep everybody informed.

elog

The elog of the STS currently provides approx. 50 dif-
ferent electronic logbooks [3]. For each component of the
STS, for their testing, for possible R&D projects and for
component assembly and created compounds, like chipca-
bles, individual logbooks with adopted parameters exist.
For assembly documentation purposes interactive work-
flow checklists were set up, which are a main tool for the
QA of the assembly as well as for the QA of the different
assembly procedures. The workflow sheets contain each
single step of the assembly procedure to be documented
and commented if necessary. As an assembly process can
take several hours and, thus stretches over more than just
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one login session, the corresponding workflow checklist is
saved as an elog attachment to the corresponding ‘Assem-
bly Checklists’ elog entry. These attachments are also used
as status record of the compound production, namely of a
designated module or ladder.

Data-logistic tools

To ensure persistence for data collection of QA/QC-
processes related to the CBM-STS-Assembly a generalized
dataflow was conceived:

e As a start, data measured in QA- or QC-processes are
saved locally in .csv or .txt files together with possibly
existing configuration files*.

Available vendor data are extracted via Python scripts
into the same format like the data measured.

All data are transfered to a central storage system us-
ing nomenclature and consistency checking gatekeep-
ers. The directory structure of this storage reflects
the class structure of the corresponding database in-
stance [4].

Data from central storage are imported into the cor-
responding database sections by using a generalized
parser. This tool will be usable for all components or
compounds with already existing database instances
and is currently in the test phase. It is written in
Python and is also used for checking parameter name
consistencies between database parameters and the
corresponding parameters of input files.

In case of vendor feedback is envisaged, e.g. for the
STS-sensors, microcables, etc., VBA tools were set
up, to provide the needed data in the format prefered
by the corresponding vendors.

QA and QC protocols, as well as manuals for perform-
ing measurements and for usage of available software tools
are documented in QA-Notes, which are available in the
QA-Wiki of the STS [2]. This documentation activity is
continously work in progress due to optimization and elab-
oration of procedures and tools.

References
[
2
3
[4

https://redmine.cbm.gsi.de/projects/sts-assembly
https://cbm-wiki.gsi.de/foswiki/bin/view/STS/STS-QA
https://elog.gsi.de/cbm-sts/

https://cbm-wiki.gsi.de/foswiki/bin/view/STS/
STSComponentsDatabase

—_— e = e

*The filename nomenclatures are generalized up to a certain level
to ensure the highest possible degree of automation of the subsequent
dataflow.
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STS sensor cooling: concept, calculations and CFD simulations

K. Agarwal', U. Frankenfeld®, and H. R. Schmidt'*
'Eberhard Karls Universitiit, Tiibingen, Germany; 2GSI, Darmstadt, Germany

Given the end-of-lifetime (EOL) NIEL' damage
(101 MeVne,/cm?) seen by the inner STS sensors close
to the beam pipe, active sensor cooling will be required to
remove the expected power dissipation of ~ 6 mW/cm? (at
-10°C) [1] to avoid thermal runaway and reverse annealing.
This will be achieved by using forced gas cooling to ensure
that minimal extra material budget is introduced inside the
detector’s physics aperture.

Based on the NIEL damage projections [2], only the in-
nermost sensors of the inner detector ladders (Az,y =
4+10 cm) of every station dissipate substantial power
(> 3 mW/cm? at -10°C, EOL). Thus, only these sensors
require active cooling and the rest of the sensors could be
cooled by natural convection (provided that the ambient
temperature is approximately -10°C). This report describes
the working hypothesis and ongoing R&D on sensor cool-
ing.

Thermal Runaway Calculations

The sensor leakage current and consequently the power
dissipation are strongly dependent on the sensor tempera-
ture. Therefore, the cooling power must always be greater
than the heating power in order to avoid this self-feeding
system to go into ‘Thermal Runaway’.

Heating Power in a silicon sensor is calculated as [3]:

PSensor = VBias . ILeakage
2 _ZTE%
PSensor 0.8 VBias . TSCnsor e ‘Tsensor kB

Cooling Power is theoretically calculated by assuming
that the cold gas flows parallel to the innermost silicon sen-
sor’s surface, with the detailed formalism described in [4].

Figure 1 shows that a gas flow of 3 m/s at -10°C is suffi-
cient to remove the nominal EOL power dissipation of the
sensors. This would result in a stable operating tempera-
ture of -7°C and a critical thermal runaway temperature of
17.4°C, thereby ensuring sufficient margin from the stable
temperature.

CFD Simulations with SolidWorks

A ‘toy model’ was designed? to carrying out Computa-
tional Fluid Dynamics simulations and to test the potential

'Non Ionizing Energy Loss
Zhttps://www.solidworks.com/
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Figure 1: Comparison of the nominal heating power and
the required cooling power to avoid thermal runaway.

air cooling concept with two dummy stations resembling
the STS stations no. 1 and 8 in an enclosure. Only the ac-
tive volume of the detector (i.e., sensors staggered on lad-
ders, and the beampipe) was modelled in order to include
the most crucial components for simulating air flow and
also to reduce computation times.

A Perforated Carbon-Fibre (CF) Tube (outer diameter
2.4 mm, wall thickness 200 um) is located 10 mm in front
of all four inner ladders to blow cold air directly on the in-
nermost sensors. Based on the material properties of CF
tubes [5], it’s expected to introduce an additional average
material budget of x/X{" = 0.016% to the one of the silicon
sensors themselves (x/Xo = 0.34%), therefore adding only
marginally to the total material budget.

Each CF tube carries 20 1/min at -10°C of air flow. The
resulting flow velocity distribution (of > 3 m/s) on the
innermost silicon sensors in the ‘toy-model’ is shown in
Fig. 2. The corresponding sensor temperature profile is

shown in Fig. 3 with the maximum sensor temperature of
-4.9°C.

The same design of the perforated CF-tubes works for
both stations, thereby ensuring redundancy and simplifica-
tion of the eventual detector integration procedure. Please
note that also studies on ladder vibrations under air flow,
and the subsequent effects on tracking performance are on-

going.
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Figure 2: Cross-sectional flow profile.
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Figure 3: Sensor temperature distribution.

Manufacturing and Testing of CF Tubes

Based on the design obtained from the CFD simulations,
one metre long CF tubes were successfully manufactured
by ICM Composites *, thereby establishing the commercial
manufacturability of tubes with such thin shell thickness
(200 pm) and holes along the tube length (Fig. 4).

A CF tube’s lateral displacement or bending at the centre
was studied under the ladder metrology setup [5] (Fig. 5) to
check it’s mechanical stability under air flow. Please note
that the displacement (marked as Ay in Fig. 6) is expect-
edly observed in the opposite direction of air flow (shown
as blue arrows in Fig. 6). At the nominal flow of 20 I/min,
the tube displacement is 350 um and tube vibration ob-
served visually with the metrology table’s camera is less
than 50 pum (shown as error bars).

3IcM Composites, Weiterstadt, Germany, www.icm-composites.de
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Figure 4: CF tube manufacturing process.

So their cooling performance will be tested experimen-
tally in a dedicated thermal demonstrator [6].

Figure 5: A CF tube under mechanical tests.

Pipe with
airflow

CF-Tube Di: under Air Flow

3000

[
[

2500

N
S
8
S

@
3
3

5]
S
S

X20
Y 351
Y Delta [-50 50]

Ay Diplacement [;:m]

—
@
8
o 3

20 30
Air Flow [litre/min]

40 50

Figure 6: CF tube displacement under air flow.
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Status of STS module assembly at GSI

C. Simons, K. Schuenemann, R. Visinka, J. Lehnert, R. Kapell, F. Nickels, O. Vasylyev,
A. Rodriguez Rodriguez, and O. Maragoto Rodriguez
GSI, Darmstadt, Germany

Through the assembly of 25 STS-modules for mCBM
we encountered and resolved several problems in the as-
sembly that are related to the ASICs, the glob top, the
micro-cables, quality control (Q)C measurements as well
as handling steps. We have optimized the order of assem-
bly steps, changed the Globtop and dedicated tools were
designed.

Figure 2: STS-module with largest sensor.

Assembly workflow
The bottom part of the universal TAB-bonding-fixture

(Fig. 3) serves as a vacuum holder for the ASICs and sen-
sors. The upper part fixes the micro-cable with vacuum and
allows their fine-alignment with micro-positioners.

In principle, the workflow (laid out in Fig. 1) consists of
five main steps that are subdivided in more detailed work-
ing instructions. The aim is to reduce handling steps to a
minimum to avoid damages. Electrical QC measurements
should be possible after wire- and TAB-bonding and finally
the order of steps should generate a good yield.

[TAB-bonding of the microcables to the STS-XYTER-ASIC's |

1

[die- and wirebonding of the STS-XYTER-ASIC's to the FEBS |

1

[1AB-bonding of the microcables to the sensor |
fixing of the shieldings

|g|ueing of the L-shelves to the FEBS |

Figure 1: Workflow for the STS-module-assembly.
Figure 3: TAB-bonding fixture.
At first, the microcables are TAB-bonded to the STS-

XYTER ASICs. After having been tested sucessfully these The fixture for ASIC diebonding (Fig. 4) holds the
chipcables are die- and wirebonded to the two types of ASICs for one row with vacuum and places them accu-
the front-end-board for a module. After wirebonding the  rately with micropositioners. A testfan cutting tool shall
ASIC-rows are tested, then protected with globtop. The help to remove the testfan at the sensor side of the mi-
third step is the TAB-bonding of the microcables to the sen- ~ crocable precisely without damaging outer traces and the
sor. This stage of module assembly is shown in Fig. 2. Next bonding area.
after the connectivity test is the fixing of the shieldings to
both sides of the module. Finally the FEBS8s are glued to
the cooling fins of the FEB-box with thermally conductive
but electrically insulating glue. This order of steps allows
to reject and replace defect components like chipcables and
front-end-boards with problematic ASICs.

Assembly fixtures

Due to the sensitive and thin micro-cables and the man-
ageable amount of modules automated procedures are not
a feasible option. To ease and accelerate the assembly pro-
cedures, dedicated fixtures have been developed. Figure 4: Fixture for ASIC diebonding.
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Status of STS module assembly at JINR

A. Sheremetev, N. Sukhov, D. Dementev, A. Kolozhvari, M. Shitenkow, and Y. Murin
LHEP JINR, Dubna, Russia

Module assembly is the most time consuming and deli-
cate procedure of the STS detector construction. It com-
prises TAB-, die- and wire-bonding procedures, as well
as alignment, gluing and QA control. In this section, the
progress achieved for the assembly workflow and QA de-
velopments at JINR assembly site is reported '.

The STS detector-grade module is defined as a module,
which has less than 1.5% of non-operating channels. The
loss of channels during the assembly may be caused by two
main reasons. The first one is a bad quality of the bonding,
the second is an electrostatic discharge (ESD) which may
destroy the input channel of the ASIC. Bonding parameters
strongly depend on the width of rgw bonding pads of the
micro-cables. The optical inspection of the bonding zone
of each micro-cable is performed to guarantee that the vari-
ation of the bonding pad width does not exceed the limits.
Cleanliness of the die surface also plays important role for
the bonding quality. That is why a cleansing of the ASICs
was introduced before the TAB-bonding of micro-cables
to the STS-XYTER ASICs. Ultrasonic cleansing is per-
formed in two steps: First in 71IPA engineered fluid and
then in deionized water. The bonding parameters depend
also on the temperature and humidity of the environment.
Therefore, the environmental parameters should be stable
during the whole assembly workflow. Before the wire and
TAB-bonding procedures are carried out, QA tests are per-
formed with the help of a pull test machine (Fig. 1). Bond-
ing parameters are set based on the pull tests results.

Figure 1: Pull test of TAB-bonds. Tests are performed on
the test zones of the micro-cables, bonded to a dummy sen-
sor (left); Measured pull-off force for samples with differ-
ent bonding parameters (right).

After the attachment of ASICs to micro-cables, the test
zone on the micro-cable is cut off. This operation is per-
formed manually with a scalpel and is potentially danger-
ous in terms of ESD. After the assembly of first modules,
up to 10% of channels were destroyed at that step. To over-
come this issue, one should avoid using of triboelectric ma-

"Work supported by RFBR grants 18-02-40047 and 18-02-40113.
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terials, such as teflon substrates during the operation. Spe-
cial attention should be also payed to the ESD protection
of the personnel.

After each step of the assembly, dedicated quality as-
surance tests are performed and the test results are stored.
Special software was developed to store the bonding qual-
ity data [1]. Tests performed with a Pogo-pin test circuit are
based on the noise-per-channel measurements after each
step of the assembly. In case of good bond, the channel
noise increases due to higher inter-channel capacitance. If
the channel is destroyed, the program shows zero noise
level which reflects absence of the signal from that partic-
ular channel. A graphical user interface (GUI) of the test
software is shown in Fig. 2.
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o
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Figure 2: GUI: bonding of a microcable to a 62 x 22 mm?
sensor. The red dots in the noise histogram stand for noise
values of the cable bonded only to an ASIC, the blue dots
correspond to noise of a “bare” ASIC.

The most recent three modules assembled at JINR have
0.5-1% of randomly distributed not operable channels per
side. The developed workflow allows to assemble the
detector-grade modules. However, yields and production
capacity still to be estimated.

References
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Setting up STS module production at KIT

T. Blank', M. Caselle', B. Leyrer', P. Pfistner', E. Trifonova', C. J. Schmidt*, C. Simons?, and
M. Weber!
IKIT, Karlsruhe, Germany; 2GSI, Darmstadt, Germany

The Karlsruhe Institute of Technology (KIT) is one of
the production centers for the STS detector modules for
the CBM experiment. KIT is supposed to assemble about
one-third of the modules for the detector, summing up to
about 500 modules comprising 500 sensors, 1000 front-
end read-out boards, 4000 STS-XYTER read-out chips,
and 8000 aluminum micro-cables. The sensors and the
dies will be tab-bonded to the micro-cables. The front-end
boards (FEB) will be mounted to cooling support structures
and the micro-cables covered with a specific noise shield-
ing material. During the detector production phase within
a period lasting from May 2021 to about December 2023.
After the R&D development phase for an alternative copper
cable module [1] in the mid of 2020, KIT started with the
set-up of the production steps for the STS detector modules
with aluminum cables by the production of five mechanical
dummy modules. This paper describes the current prepara-
tion status for the module production for the STS detector.

Assembly of Al-cable modules

The development of the assembly sequence for the mod-
ules built up with aluminum micro-cables was optimized in
the year 2020. The production starts with the provision of
known-good material to KIT by GSI. KIT starts with the
cleaning of the FEBs and the die and wire-bonding of the
LDOs to the FEB. After an initial electrical test, the wire-
bonds of the LDOs are protected with a glob-top material.
In parallel, the STS-XYTER chips are tab-bonded to two
aluminum micro-cables. The tab-bond process is sequen-
tially executed: After bonding and testing the first cable,
its tab-bonds are protected by a polymer. The process is re-
peated for the second cable and results in a complete chip-
cable. The test-fans, which are used to contact the pogo-
pin tester, are cut-off with a newly designed test-fan cutter.
The cutting process requires the positioning of three blades
with an accuracy of less than 15 micro-meters concerning
the cutting-position in the micro-meter range. Hence, the
test-fan location can be adjusted relative to the blades by an
X-Y-O micro-meter stage (see Fig. 1).

Four of these chip-cables are attached in parallel to
the FEB by a specifically developed “Chip-Cable to FEB
Mounter” (CC2FM), as depicted in Fig. 2. The STS-
XYTER chips are precisely positioned on a mechanical
tray defining the position on the FEB. They are picked up,
the FEB with the pre-applied conductive glue is placed on
the mechanical jig and the dies are lowered onto the FEB.
The CC2FM is placed on a heater, which is used to cure the
conductive glue. The enlarged image on the lower right of
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Figure 1: Construction of the test-fan cutter.

Fig. 2 shows a detailed view of the chip-cables before the
placement on the FEB. The STS-XYTER wire-bond con-
nections to the FEB are established and protected by glob
top. This production step is repeated for the second row
of chip cables and the second FEB of the module’s n-side.
Additionally, a first shielding layer protecting the first row
of STS-XYTER chips is attached to the FEBs.

In the next assembly step the loose cable-ends are
bonded to the n- and p-side of the sensor. The electrical
connectivity is checked once again before the tab-bonds are
protected by epoxy glue.

Towards start of production

KIT built up five test modules to practice the production
steps and to identify gaps in the production flow. Next to
some missing test equipment, a further wire bonder ma-
chine needs to be installed. Additionally, new modules
with the new versions of the STS-XYTER and LDOs will
be built up to train the people and ramp up the production
figures until the start of production in May 2021.
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Figure 2: Chip-Cable to FEB Mounter.
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Test and characterization of fully assembled STS modules

O. Maragoto Rodriguez', J. Lehnert®, A. Lymanets®, A. Rodriguez Rodriguez!, and A. Toia'

'Goethe Universitit, Frankfurt am Main, Germany; 2GSI, Darmstadt, Germany

The assembly of the detector modules is a crucial step to-
wards the realization of the STS. Before installation in the
ladder, a set of tests to evaluate the modules performance is
carried out. The tests include to check the ASIC calibration
in terms of ADC gain and threshold uniformity, as well to
evaluate the noise performance and to check the number of
broken channels [1]. Over the last year, a total of 11 mod-
ules were tested and characterized in the STS lab. From the
total, 9 of them were produced by GSI detector lab, using
sensors with different sizes and some of the longest micro-
cables (larger than 40 cm). Further details on the tests and
characterization of the modules are given below.

Module test setup

A dedicated setup has been assembled to carry out the
module tests with a fully biased sensor. It consists of a
light-tight aluminum box, which also acts as shield from
the electromagnetic environment in the laboratory. In ad-
dition, the box is equipped with a water cooling system to
remove the heat dissipated by the FEB-8. The FEBs are
connected with flexible flat cables to a common readout
board (C-ROB), where data are aggregated and transported
via a high-speed optical link to the data processing board,
implemented in an FPGA based (AFCK) board.

Modules performance

For every module, operating parameters such as writ-
ing/reading configuration values, current consumption and
overall system noise are investigated. During operation, the
sensor is biased symmetrically at 150 V and analog signals
are read out from 1024 channels on each side. A dedicated
calibration procedure [2] is then carried out in order to im-
prove the linearity of the ADC and to reduce the dispersion
among the channels response in the module. The overall
noise performance is evaluated for both sides in each mod-
ule. An example of the distribution across all channels for
the module 03TI1_2 is illustrated in Fig. 1. The measured
ENC noise should be compared to the green dashed line
which represents the simulated noise for the full module.
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Figure 1: ENC distribution for module 03T1_2.

In the modules performance, not only a low noise is re-
quired, but also homogeneity in channels response. The
ADC gain and the threshold spread are among the param-
eters that indicate a good homogeneity. Their distributions
across all the channels for the module 03T1_2 are shown in
Fig. 2.
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Figure 2: ADC gain (left) and threshold distribution (right)
acroos all the channels for module 03T1_2 .

For operation over long periods of time, a reliable detec-
tor performance at different operational voltages, together
with its stability in time are considered important param-
eters. Figure 3 shows the results of a bias voltage scan
performed for several ASICs of the module 03T1_2.
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Figure 3: Noise as a function of the high voltage for differ-
ent ASICs in module 03T 2.

It can be noticed the low values of the noise for the P-side
ASICs starting at low operational voltages as expected. On
the contrary, the N-side show large noise values below the
full depletion voltage, which can be estimated around 60
volts.

Long term stability test studies the noise over time for
the ASICs and contributes to identify sources of problems
that could be difficult to find during short running peri-
ods. An example for one of the ASICs of module 03T1.2 is
shown in Fig. 4. Noise measurements were taken in each
ASIC every 40 minutes during 5 continuous days.
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Figure 4: Overall noise results measured for one ASIC of
the module 03TI1_2 in a long term stability test.

Statistics and test experiences

Module assembly and testing provides invaluable expe-
rience in handling and operating modules. The iterative
development of QA procedures for the testing is an impor-
tant step in order to improve the modules assembly. Ta-
ble 1 summarizes some of the most important parameters
that help to characterize the modules in terms of perfor-
mance. For each module side the noise was calculated as
the average amount all channels, the errors correspond to
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the standard deviation. The high amount of broken chan-
nels, present in some modules, is mostly related to non op-
erational ASICs.

The broken channels statistics are a strong argument to
compare the production yield. A full comparison of the
amount of broken channels for N and P side, and for odd
and even channels is shown in Fig. 5.
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Figure 5: Broken channels distribution for all tested mod-
ules.

Significant improvements in the yield of broken channels
can be observed towards the most recently produces mod-
ules. By comparing the absolute noise level measured in
every channel, it is also possible to identify the component
where problem occurred. From the overall statistics, 13%
of the broken channels can be related to bonding issues on
the ASIC side, while a 30% shows no analog response and
the rest is associated with problems on the traces of the mi-
crocables or the bonding at the sensor side.
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Table 1: Statistics on module performance.

Module Side Sensor length Microcable length ENC Gain Threshold Broken
(cm) (cm) (e™) (fC/LSB) spread (¢e~) channels

01T 4 n 6.2 49 1750 + 169 0.33 220 1

p 1690 + 187 0.35 292 65
01TLS n 6.2 49 1333 + 152 0.34 223 132

p 1360 £ 161 0.35 234 6
01T1.7 n 6.2 49 1476 + 512 0.34 778 33

p 1455 4+ 559 0.31 304 28
02T1.3 n 6.2 45 1647 + 199 0.33 290 7

p 1622 + 415 0.35 215 3
02T1_4 n 6.2 45 1584 + 327 0.32 281 19

p 1547 £ 412 0.30 1074 4
02TL5 n 6.2 45 1212 + 119 0.33 417 11

p 1181 &+ 142 0.31 337 14
03TI_1 n 12.4 42 1627 + 160 0.34 273 21

p 1689 + 212 0.35 348 26
03TI2 n 6.2 42 1183 £ 79 0.34 221 18

p 1217 £ 93 0.35 230 8
03TIL3 n 6.2 42 1161 + 94 0.34 225 11

p 1070 £+ 90 0.30 265 21
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Characterization of the thermal interface between front-end electronics boards
and cooling fins of STS modules

S. Mehta', K. Agarwal', M. Bajdelz’3, P. Dahm?, U. ankenfeldz, R. M. Kapell?, C. J. Schmidt?,
H. R. Schmidf®, P. Schweikert?, J. Thaufelderz, and A. Wilms>

"Eberhard Karls Universitit, Tiibingen, Germany; 2GSI, Darmstadt, Germany;
3Goethe Universitit, Frankfurt am Main, Germany

In the assembly of a STS module, the final step of
module building is the attachment of front-end electronics
boards (FEBs) to T-shaped aluminium cooling fins before
transferring the module onto the detector ladder. There are
various possibilities to choose the thermal interface materi-
als (TIMs) between the FEBs and the fins: Thermally con-
ductive ones like thermal pads, glues, tapes etc. Since the
nominal power dissipation per FEB is up to 7 W, optimis-
ing the interface material as per the requirements is very
important.

To be accepted as a possible candidate, there are certain
specifications for the TIMs as per the requirements of the
STS module. There should be a permanent joint between
the FEBs and fins with thickness not more than 150 wm. It
should have good thermal conductivity (> 1 W/m-K) with
high dielectric strength (> 5 kV/mm). One of the crucial
parameters for TIM is that it should be able to compensate
for any thermal stresses that might occur due to the mis-
match in the thermal expansion coefficients between FEBs
and T-fins (copper—aluminum). Also, the radiation hard-
ness should be up to 1 MRad.

On the basis of above mentioned requirements and learn-
ings from other experiments [1], three different glue candi-
dates were shortlisted: Stycast 2850FT (with 23 LV Cata-
lyst) [2], Dowsil SE4445 [3], and Berquisite EA1805 [4].
The main goal is to choose the best amongst them which
could be used as the baseline solution for the last step of
the STS module assembly. Various properties of the glue
candidates are listed in Table 1. In this report, the results of
thermal and mechanical properties for the glue candidates
are summarised along with the gluing applications.

Table 1: Properties of different glues to be tested for TIMs
between the FEBs and T-fins.

Thermal | Dielectric | Oper. .. | Curing Thermal e
Product | Cond. | Strength | Temp. v'ls::?]ty @25°C ;:Tr:f;s] Exp. :I:d“"a:;:
W/mK] | [kv/mm] | [°C] L) [ppm]
Stycast 8x105
2850FT 1.02 14.8 -65... 105 56 |16-24 92 394 ol
(+23Lv) “‘/
Dowsil
SE4445 134 5.0 -45..150 | 15.0 24+ N/A N/A 10 MGy
Bergquist .
EAL805 1.80 10.0 40..125 | 60.0 10 90 N/A N/A
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Thermal stress

The targeted operating temperature for STS front end
electronics is -10 °C and it is important to test the inter-
face at this temperature to ensure that it is able to tolerate
the mismatch between the FEB back plane (copper) and T-
fins (aluminium) at nominal power dissipation of 7 W per
FEB. The mismatch in CTE could lead to different failure
scenarios: large mechanical stresses could deteriorate the
functioning of the ASICs which could result in low shear
strengths or overheating of ASICs.

The long-term weakening of glue joints caused by re-
peated temperature changes was investigated in a home
made climate chamber. The performance of the selected
candidates was tested thermally, different samples were
prepared using thermal dummy FEBs which were glued
on the T-fins (Fig. 1). These T-fins were screwed on the
cooling plate in which circulated a coolant fluid to regulate
the temperature of the FEBs during the cycling. Each sam-
ple was subjected to thermal cycling and 25 of such cycles
were performed with 6 hours duration per cycle between
T = -15 °C to +40 °C, under conditions of controlled rel-
ative humidity. The temperature was kept constant at the
extreme temperatures for 2 hours.

ASICs—1

LDO
ASICs -2

Cooling Plate

Figure 1: Thermal dummy FEBs glued to the T-shaped alu-
minium fins.

The observables were the maximum temperature differ-
ences in the ASICs and LDO regulators with respect to the
cooling plate, and whether thermal stresses deteriorated the
glue joint over the multiple cycles. Since power density for
LDOs is much higher than that of the STS-XYTER ASICs,
the temperature difference between the LDOs and the cool-
ing plate for each FEB was considered at the maximum and
minimum temperature as the observables (Fig. 2).
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Figure 2: Temperature difference between LDOs and cool-
ing plate at AT,,4.—1 =40 °C and at AT}, 4,2 = -15°C
for 25 cycles.

The temperature difference for the extreme temperatures
over 25 cycles is shown in Fig. 2. From the plots, it is
evident that no deterioration in any of the samples was ob-
served after 25 cycles. This indicates that all the glues are
suitable to be used as TIMs when it comes to the thermal
properties.

Lap shear stress

In order to measure the mechanical properties of differ-
ent glues, a shear test was performed using a Instron pull
tester [5]. The samples were prepared separately and a lap
joint was made between copper cladded FR4 sheets and
aluminium for the different glue candidates. The shear
stress was applied to the sample in such a way that the bot-
tom part was held fixed and the other part was allowed to
move under the influence of the external force.

For each glue, 8 samples were prepared, out of which
4 were kept in a climate chamber to undergo cycling from
-40 to +40°C by keeping the samples at each extremes for
one hour. Lap shear test were performed before and after
the thermal cycling in order to determine possible impacts
of the thermal cycling on the glue joints.

The main concern to perform the shear test was to ex-
perimentally observe the extension and how much load is
required to acquire certain extension. Table 2 summarises
the load for 0.1 mm extension and the minimum load to
break off the glue joints, before and after the thermal cy-
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Table 2: Results of lap shear test for the glue candidates
before and after the thermal cycling.

Before Thermal Cycling After Thermal Cycling
Product Load for 0.1 mm | Break-Off Load | Load for 0.1 mm | Break-Off Load
[kPa] [kPa] [kPa] [kPa]
Stycast 2850FT

(+23W) 14.80 577.60 10.08 519.20

Dowsil

SE4445 7.20 23.00 4.62 19.36
Bergquist

EA1805 18.10 517.80 12.42 472.45

cling of the glue samples. When it comes to the comparison
between the three glues with respect to lap shear strength,
Stycast and Bergquisite performs better than Dowsil. For
Dowsil being a soft silion glue, the force needed to pull the
samples apart is much lower as compared to the other two.

Glue applications

After testing the glue candidates thermally and mechan-
ically, other important factor to check is how to apply the
glue on the surface in such a way that there are no air bub-
bles trapped and it covers the maximum area under the
FEB. Also, since the viscosities of all the three glues are
different, the technique how to apply the glues has to be
optimised accordingly keeping the thickness constant (not
more than 150 pm) and without applying any extra force.

In order to get the maximum surface coverage with min-
imum oozing, a well defined pattern needs to be optimised
with a good hold over the volume dispensed. To meet this
requirement, a specialised glue dispenser was used which
can control the volume. Depending on the area of the FEB,
a customised pattern was designed. The first trial was made
with glass sheets and Fig. 4 shows the time lapse of how the
glue deposition takes place. It is clearly visible in Fig. 3

Figure 3: Time lapse for the glue deposition for stycast over
24 hours.

Figure 4: Glue deposition for Dowsil and Bergquisite after
24 hours.

that capillary action works nicely for Stycast because of its
low visocity and almost the whole surface is covered. On
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the contrary because of higher viscosities of Dowsil and
Bergquisite, capillary action did not work nicely and for
Bergquisite some external force is needed to get the full
coverage of the surface as shown in Fig. 4.

After obtaining good results with the glueing pattern on
the glass sheets, the pattern was tried on real modules to
understand the pros and cons while handling the modules.
Figure 5 shows the different gluing steps involved while
gluing FEBs to the fins. After 24 hours, minor oozing was
observed on the surfaces but that is not crucial as it en-
sures that almost the whole surface was covered with glue.
Since this process is to be repeated for numerous number
of times, a gluing tool is under production to reduce the
human errors and semi-automatise the process.

Figure 5: Steps showing glue deposition on the FEBs and
t-fins with the STS module.

Conclusion

Given that the nominal power dissipation per FEB is
up to 7 W over an area of 10.3 x 3.06 cm?, to optimise
the thermal interface between FEBs and T-fins is crucial.
From the tests performed so far, Stycast came out best as
it stands for the thermal and mechanical properties of the
glue. Low viscosity of Stycast makes the capillary action
to work nicely over the surface without applying any ex-
ternal force which might be harmful for the electronics on
FEB. Further study for Styacst is stil ongoing like electri-
cal and radiation hardness tests to make sure that it is the
suitable candidate to be used as the last step of the module
assembly.
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Mini-STS (mSTS) is a part of the project mCBM at
SIS-18 [1]. Two detector layers consisting of silicon mi-
crostrip sensor modules will measure the reaction products
from the interaction of a heavy-ion beam (Ag) with a target
(Au), at intensities up to 10® ions/s and collision rates up
to 10 MHz. The detector stations are arranged in four me-
chanical units (“C-frames”) that carry the detector ladders,
including front-end electronics, as well as readout boards,
power boards and cooling infrastructure (Fig. 1). The com-
missioning of the first unit has validated the assembly con-
cept and yielded detailed information on the detector per-
formance [2].

shielding
enclosure

Figure 1: Composition of the mSTS setup. Four mechani-
cal units make up two detector layers.

A ladder with three modules, each featuring a 6x6 cm?
microstrip sensor, has been assembled as a step towards
completion of the mSTS detector. The shielding layers of
these modules have been made wider than the sensor and
its microcable stack in an attempt to improve noise per-
formance for the outer channels. Additionally, a comple-
mentary ladder with narrow shields has been assembled.
Exchanging the two ladders will enable the comparison in
terms of noise and possible effect of parallel operation of
the neighbouring modules within a ladder.

The integration steps for the U3 unit are shown in Fig. 3.
They include mounting of the readout boards (cROBs) in
shielded enclosures, high and low voltage cabling for the
front-end electronics, installation of the circuit to provide a
signal return path for every detector module and routing of
the data cables between the front-end boards and cROBs.
The low voltage lines were made using flat cables with
0.3 mm? cross section of individual strands. High voltage
has been provided over shielded coaxial cables whereas ca-
ble shields have been connected to the enclosure (detector
ground). In order to provide the return path for the signal,
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FEB grounds on the p- and n-sides have been connected
with two capacitors in series and with their center tap con-
nected to the detector ground. To protect the sensitive ana-
log lines from transients in the digital electronics, the data
cables have been routed far away from the LV/HV lines and
shielded. Their shields have been referenced to the ground
of the cROBs.

The noise performance of module 03TI-2 is shown in
Fig. 2. Uniform response over 1024 channels on both sen-
sor sides at the level of 1ke has been achieved, matching
the expected model value. The elevated noise level in the
first 134 channels of the p-side is related to the “zig-zag”
strips connected via second metallization layer that effec-
tively increases the strip length and consequently the ca-
pacitive load presented to the input of the front-end elec-
tronics.

T T
ENG module 03TI_ 2

—— n-side

—— p-side

= = enc_parametrization

03TI-2

ENC [e-]

(L0 LU L LAY LY LN L

1500

128 256 640 768 1024
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Figure 2: Noise performance of the detector module 03T1-2
after the assembly of the U3 C-frame.

The setup showed mostly satisfying performance and
provided valuable experience with integration techniques
needed for further detector production.
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Figure 3: Integration steps of the U3 C-frame: (A) mounting of cROBs onto the C-frame, (B) HV/LV cabling,
(C) connection of services and return path circuit, (D) arrangement of the data cables between FEBs and readout boards.
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In this contribution we report on the operation and
functional validation of a prototype detector module for
the CBM Silicon Tracking System, fully integrated and
equipped with the complete front-end electronics to read
out all sensor channels, based on various laboratory and
beam tests carried out with high-intensity proton beams at
COSY, Research Center Jiilich, in November 2019, which
was already discussed in [1], as well as in the mCBM setup
operational since 2018 at SIS18. The results shown be-
low contributed to concluding the Engineering Design Re-
view in December 2020 and will give important input to
the CBM module series production readiness procedure.

Operation of single modules

The procedure to bring a single module in operation
starts with the test of each fully assembled module before
integrating it into a ladder. This is done in the so-called
Module Test Box, a precursor for the module QA setup,
which comprises of a shielded enclosure as well as all ser-
vices: LV, HV, readout, FEB cooling-module, where the
module is mounted in close-to-final positioning. The setup
can flexibly adapt to all module sizes. It also has a window
which can be used for measurements with sources.

During the test, different aspects of the module opera-
tion are evaluated, including: FEE functional verification,
signal path connectivity, sensor HV biasing, charge cali-
bration, module noise performance, signal processing and
calibration, sensor response, sensor [-V characteristics.

Operational Performance

The most challenging scenario to test the operational
performance of the STS modules is the heavy ion beam-
time with miniCBM. The “miniCBM” (mCBM) demon-
strator experiment is operational at GSI/SIS-18 since 2018.
It mimics CBM operation conditions with beam intensities
up to 108 heavy ions/s and collision rates up to 10 MHz.

Two mCBM beam campaigns took place, the first one
started in November/December 2018 and continued in
March 2019 with 198 Ag at 1.2 and 1.58 AGeV; the second
one started in November 2019 and continued in the period
March-May 2020 with “°Ar at 1.7 AGeV and 2°5Pb at 1.06
and 1.075 AGeV. We used two different Au targets of 1%
and 10% interaction probability.

The mCBM setup does not include a magnetic field.
The setup comprises of various other detector compoments,
small-size prototypes of the final CBM detectors, including
a TO diamond reference detector.
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The mSTS system operated in the 2019-2020 campaign
comprised of 2 sensors equipped with 4 FEBs ( 2 x FEB8-1
v. A2, 2 x FEBS8-1 v. B1), with all 32 ASICs operational.
We achieved a reliable long term operation, with the sys-
tems switched on continuously 47 days: LV and HV bias
continuously on after the start-up phase, and synchroneous
data transfer permanently active. Over this period we alter-
nated few shifts with beam and frequent test runs with the
detector in stable operation: e.g. no resynchronization was
needed for 136 h.

The achieved STS data rates were up to 800 MB/s, which
corresponds to an average of 6.25 Mhits/ASIC/s (close to
the limit of 10 Mhits/s/ASIC in the available FEB8-1 read-
out). We note that this rate is dominated by delta electrons,
whose contribution is very strong in the proximity of the
target region and not suppressed by any magnetic field.

Module noise behavior

The system noise level is estimated with a S-curve scan:
the discriminator response to a signal amplitude applied
from an internal test pulser is scanned, the width of the sig-
nal distribution is an effective measurement of the overall
noise. Figure 1 shows the results for all channels in both
p- and n-side of one module. The targeted system noise
of around 1000 e~ ENC, in agreement with an estimation
based on the total detector capacitance, was measured both
during detector commissioning in the assembly laboratory
at GSI and in the COSY beam environment. Few uncon-
nected channels (typically less than 1%) are recognized by
a significant reduction in the noise level compared to con-
nected ones. Some differences in the noise level between
odd andeven channels is also visible, as well as an increase
in the ASIC edges. The significantly larger values observed
in the first channels of the p-side are due to the larger ca-
pacitance of the edge strips interconnect lines on the second
metallization layer.

Detector response

For the evaluation of the performance, in terms of signal-
to-noise and charge collection efficiency, various tests of
the prototype STS detector modules were performed.

Measurements with >**Am source

The signal response of the module was studied in labora-
tory tests reading out the signal of a gamma emitter, specif-
ically a non-collimated 2*' Ay gamma source, placed out-
side of the sensor window of the test box, which allows to
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Figure 1: ENC as a function of channels for an entire mod-
ule given in units of electron charge.

illuminate different locations on the sensor.

Figure 2 shows the hit rate for all the channels of the
module when the source is placed centrally over the sen-
sor. The different colours in the picture correspond to dif-
ferent requirements in the charge of the hits. Requiring a
deposited charge larger than 2 ADC units removes most of
the differences between odd and even channels, except in
the edge ASICs of the p-side.
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Figure 2: Hit rate for all the channels of the module(n-side:
channels 0-1023, p-side:channels 1024-2047).

The resulting charge spectrum in ADC units is shown
in Figure 3, where only 1 strip-cluster signals are consid-
ered. The background contribution, concentrated in the first
1-2 ADC units, is removed subtracting from the raw charge
spectrum the spectrum measured in runs collected without
the source. The peak corresponding to a gamma energy of
59.5 keV is visible. Different measurements were taken,
varying the thresholds, which correspond to the different
background-subtracted spectra, shown in the figure.

The peak position is determined by a Gaussian fit, yield-
ing an ADC value which ranges around 10 LSB, depend-
ing upon threshold. According to the ADC transfer func-
tion for the high resolution calibration, as described in de-
tails in [2] the deposited energy can be calculated as 14592
(15877) e~ for the n (p) side.
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Figure 3: Gamma spectrum of a 24! Am source. The differ-
ent curves correspond to different thresholds.

Measurements with a p-beam at COSY

We studied the system response to a p-beam with energy
and momentum of Ey;, = 1.92 GeV, p=2.7 GeV/c in a
test carried out in the JESSICA cave at COSY in November
2019, under different detector configurations.

Figure 4 shows the charge spectrum in ADC units,
for 1 strip-cluster signals only, for different thresholds.
The background contribution is concentrated in the first
1-3 ADC units and negligible elsewhere, and it is well
separated from the signal. The position of the peak corre-
sponding to the monoenergetic proton, well visible around
7-8 LSB, is extracted fitting a Landau distribution. Accord-
ing to the ADC transfer function, the deposited energy can
be calculated as 22282 (24829) e~ for the n (p) side.
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Figure 4: Charge spectrum in ADC units. Different curves
correspond to different thresholds. Insert at linear scale.
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Using the corresponding noise measurements, we have
calulated a signal-to-noise ratio above 20 for the p-beam
measurements at COSY, and around 14 for the Am-source.

In order to evaluate the charge collection efficiency, we
compare the measured charge with the expected, keeping
into account that the capacitance of the whole system, in-
cluding sensor and microcables, effectively reduces the col-
lected charge to ~ 96%.

For a 59.5 KeV gamma emitted by the Am-source we
expect 59 keV/3.6 eV ~ 16400 e~.

The typical signal charge for a proton of p = 2.7 GeV
traversing 300 pum of Si (density = 2.33 g/cm?)
is 1.63 MeV/g/cm? 2.33 g/em? 300 pum
3.8 MeV/cm - 300 pum = 380 keV/mm - 300 um = 113 keV.
With an average energy of 3.6 eV required to create an
electron-hole pair for silicon, this result in a mean number
or 31,000 electrons produced and the most probable value
of 22,000 electrons in the Landau distribution.

Therefore, using an average of the measurements on the
p and n-side, corrected for the system capacitance, and
finally compared to the expectation, we would obtain a
charge collection efficiency of ~ 96% (generally higher
on the p-side).

Time resolution

Time resolution is studied by correlating the signal mea-
sured by the STS with the one measured by the TO diamond
detector in mCBM. Figure 5 shows the time difference be-
tween the STS signal and the TO signal as a function of
the STS signal amplitude. An expected delay of approxi-
mately 20 ns can be seen for low amplitude signals (below
5 ADC units) compared to larger ones, in good agreement
with the measured time-walk of the ASIC. For large ampli-
tude signals, the measured sigma (= 3.4 ns) obtained from
a Gaussian fit, indicates a good time resolution achieved by
the detectors. Since TO time resolution is in the order of
tens of ps, the overall resolution is dominated by the STS
contribution.

Clusters are recontructed by correlating signals from
neighbouring strips. Hits are finally derived from the cor-
relation of clusters in the p- and n-side. Figure 6 shows
the time difference of signals in 2-strip cluster signals, sep-
arately for the p- and the n-side, Considering that walk
correction to the signal time has not yet been applied, the
plot demonstrates an excellent time resolution of few ns, in
agreement with what observed above.

Space resolution

The setup used in the COSY experiment includes also
two stations of a scintillating fiber hodoscope, with 64
channels per station, read-out and reconstructed together
with the silicon detector. The hits from the STS module
and the two hodoscope stations reconstructed in space are
presented in Figure 7.
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Figure 6: Time difference between two STS signals that
form a cluster.

To understand the space resolution performance of the
STS sensor, the coincidence with the hodoscope system has
been studied, using the best time-coincidence of the corre-
lation between the forward and the backward hodoscopes
as reference, to extrapolate the expected hit position.

Figure 8 shows the position difference in X and Y be-
tween the extrapolated hit and the hit measured by the STS
sensor: A sharp peak is visible on top of a broad back-
ground. The mean value is not centered at zero, since the
STS sensor was not aligned with respect to the hodoscopes
system. The resolution in X (= 0.07 cm), Y (= 0.03 cm) is
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Figure 7: Reconstructed hit maps of the beam particles in
the detector test system. No transverse alignment correc-
tions have been applied yet.
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Figure 8: Residuals in space (X and Y coordinates) of
straight-line tracks extrapolated from the hodoscope two-
dimensional hits at the silicon detector.

narrow as expected. It is however important to note that the
precision of the extrapolated signal is significantly lower
than that of the sensor.

Summary

With module operation in beamtime campaigns, we have
gained some experienced of the performance of the detec-
tor. Reliable long-term operation in heavy-ion test-beam
was achieved. The targeted STS system noise of around
1000 e~ was achieved, in agreement with theoretical ex-
pectations. With only a few unconnected channels (typ-
ically less than 1%), some differences among odd/even
channels are attributed to the routing of microcables and
are subject to ongoing optimizations. The charge distribu-
tions show clear separation between noise and proton sig-
nal peak, obtaining a S/N ratio larger 20, and a charge col-
lection efficiency around 96%. The beam spot reconstruc-
tion was achieved successfully. An excellent time resolu-
tion (3.4 ns) was demonstrated. The position resolution is
also in line with expectations.
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Full-length carbon fiber support structures of STS detec-
tor ladders have been prepared for a vibration study, being
carried out in co-operation with G. Viehhauser, Physics De-
partment of the University of Oxford, Great Britain, within
the EU project AIDA2020 [1]. At the Physics Department,
a vibration test stand had been developed for LHC experi-
ments’ tracking detector development and was made avail-
able to further interested groups (see e.g. [2]) within the
above mentioned EU project.

In a first step, one of the carbon fiber structures, de-
scribed in [3, 4], was fitted at its ends with bearings [5],
the attaching blocks to the STS detector mechanical half-
units’ C-frames, and sent to Oxford (Fig. 1). There it was
installed on the table of a vibration test stand as shown in
the photo of Fig. 2. Visible are two capacitive probes which
enable displacement measurements of selected surface re-
gions as a result of mechanically excitating frequencies.

Figure 1: Carbon-fiber ladder with bearings attached, and
matching counter parts.

AW

=

Figure 2: Ladder mounted on vibration test stand at
Oxford University, fitted with capacitive probes (Photo:
G. Viehhauser).

First results

First results have been obtrained and are illustrated in
Fig. 3 showing two main Eigenfrequencies of the ladder
for the front-face and side movements.
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Figure 3: Excitation curves for front and side of the ladder
(Measurements: G. Viehhauser).

Outlook

A further ladder, now equipped with 10 dummy mod-
ules, has been assembled and transported to Oxford where
it is currently being installed on the test stand. The lad-
der is shown on the STS chapter’s title page along with re-
sults of its components’ positions in 3D space after optical
metrology. The silicon sensors are real ones from the proto-
typing phase, fitted out with dummy microcables streching
towards the ladders’ ends. The sensors, glued with L-legs
to the carbon fiber frame, and the microcables will alter the
stiffness of the object, which is to be studied. Yet a further
ladder is being prepared, this time equipped with a low-
mass perforated carbon fiber tube for blowing cooling gas
onto the sensors. The resulting effect on the vibration be-
haviour will be also studied in 2021 with the same set-up
at Oxford.
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This contribution describes the ongoing efforts related
to Fibre Bragg Grating humidity and temperature sensors
suitable for conditions in the STS detector. Furthermore,
the aim was to establish effective methods for further cali-
bration and testing of such sensors.

Motivation

Environmental sensors for high energy physics detector
systems, especially for the application in the STS, need to
meet the following requirements:

e radiation resilience at least up to 12 kGy,

e insensitivity to the magnetic field,

e repetitive and correct readout below —10°C,

e low mass and small dimensions (few mm size),

e response to the full range of relative humidity (RH),

e long term stability.

Conventional humidity sensors do not fulfil these re-
quirements, but Fibre Bragg Grating (FBG) or Long Pe-
riod Grating (LPG) sensors are suitable for such applica-
tions [1]. Apart from the above mentioned features fibre
optic sensors (FOS) can be multiplexed, and furthermore
there is no additional electronic circuitry involved (apart
from a readout device - optical interrogator).

Brief introduction to the FBG technology

A FBG based fibre optic sensor is formed by photoin-
duced modulation of the refractive index in the core of a
single-mode optical fiber. Such structure in the core of the
fibre acts as a wavelength selective filter, which reflects the
incoming light at a certain wavelength (Bragg wavelength
A) [2].

AB =21 A (1)

The Bragg wavelength is dependent both on the refractive
index n and the grating pitch A. The latter one can be af-
fected by both temperature and strain, making it suitable for
strain and temperature sensing applications. Thanks to the
sensitivity to strain it is also possible to measure the humid-
ity by applying a thin layer of polyimide coating (=~ 10 pm)
on the cladding, what can be seen in Fig. 1 [3] .

According to the literature [4] the response behavior of a
polymer-coated FBG can be described as a linear superpo-
sition of relative humidity and temperature. This relation
can be expressed as:
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AN
AB

St and Sgry are the sensitivity coefficients for tempera-
ture and relative humidity respectively.

The characteristic Bragg wavelength for the sensors used
in this study was ~ 1540 nm for the temperature sensor
and ~ 1527 nm for the humidity sensor. As the sensors
were located at ~ 2 cm from each other, the effect of cross-
sensitivity of the temperature and relative humidity can be
neglected.
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Figure 1: Structure of the FBG-coated relative humidity
sensor [1].

Experimental setup

An experimental setup, which consists of climate cham-
ber, specific humidity and/or temperature calibration stan-
dards and/or reference sensors is required to characterize
and calibrate fibre optic sensors. In the second half of 2020,
substantial efforts were made to establish an effective and
accurate way for these studies. The sensors being the sub-
ject of this study can be seen in Fig. 2.

i’ i

Figure 2: RH and T sensors in a dedicated packaging (di-
mensions: length 14 cm, outer diameter 1.6 mm).

To perform first measurements, a home-made climate
chamber was prepared. This chamber was equipped with
a Michell S8000 Precise Dewpointmeter (chilled mirror
for dew point and PT1000 sensor for temperature mea-
surements), 2 SHT85 sensors, 3 PT100 sensors, a FBG-
coated humidity sensor and a FBG temperature sensor (to-
gether with optical interrogator for readout). Furthermore,
to control temperature, effectively in the range of 0 —35°C,
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a Lauda Chiller was connected to the chamber. A wide
range of humidity (0-75%) was achieved by using saturated
sodium chloride solution and a controlled flow of nitrogen
(with usage of a flow meter).

Data acquisition and control of the chiller were imple-
mented within EPICS Input/Output Controllers [5]. As a
next step all information was stored in a Redis database
and monitored using Control System Studio (Phoebus).

First measurements and results

To establish the performance of a FBG-coated humid-
ity sensor, first a humidity scan at a stable temperature of
25°C was performed. Due to the inhomogeneities of con-
ditions inside the chamber the closest SHT85 sensor (ac-
curacy: RH = +1.5%, T = +0.1°C) was chosen to com-
pare the results. To compare absolute values, the relative
humidity was converted into dew point using the Magnus
Formula [6]:

/\(1n( )+ T)
— (In(§53) + &%)

For the temperature range —45°C to 60°C, Mag-
nus parameters are: o« = 6.112 hPa, § = 17.62 and
A = 243.12°C. This approximation leads to an error of
0.35°C [6].

Dp(T,RH) = 3)

Figure 3 depicts the response time and overall perfor-
mance of the humidity FOS in comparison to the SHT85
sensor. These measurements show that, for example, in the
range from ~ 8°C down to ~ 4°C, the SHT85 sensor has
response time of 78 min to reach stable readouts and for
humidity FOS it is 156 min. This effect might be related to
the packaging of the sensor seen in the Figure 1 or to the
thickness of the coating. Nevertheless, the humidity FOS
follows the readouts of the SHTS85 in the entire range at
25°C.

Dew point - Magnus Fomula [C®]

o 200 400 600 800 1000 1200 1400 1600 1800
Time [min]

Figure 3: Comparison of dew point for the humidity FOS
and SHTSS sensor at 25°C.
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To establish the sensitivity of the sensor on humidity
changes, measurements of the shift in Bragg wavelength
in a wide humidity range at stable temperatures were per-
formed. These results can be seen in Fig. 4. The sensor
shows linear response with changing humidity at each of
the chosen temperature values.
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Figure 4: Characteristic curves of the humidity FOS at the
three considered temperatures

Conclusions

First studies with FBG-based sensors were performed,
showing correct behavior in a wide humidity range (~ 1%
to ~ 75%) for different temperature values (15°C, 25°C,
33°C). These measurements featuring the in-house pre-
pared box indicated that to achieve a homogeneous dis-
tribution of temperature and humidity, the next step is to
redesign the experimental setup with the usage of an in-
dustrial climate chamber and several saturated salt solu-
tions (LiBr, MgCly). Furthermore, more measurements
and larger statistics (several sensors) are needed to estab-
lish the performance of such sensors down to —40°C. To
address the response of the sensor, prototyping the pack-
aging of sensors is planned. The upcoming studies should
focus also on checking the sensitivity to temperature and
the performance after irradiation.
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For assessing the detector needs in terms of read-out and
network transfer components, it is of fundamental impor-
tance the estimation of the data rates expected in various
possible running scenarios. This contribution extends pre-
vious studies [1] of this subject with the aim to investigate
the impact of the delta electrons originating from interac-
tions of the beam with the target in case of reduced mag-
netic field.

Three major contributions to the total data rate were con-
sidered: data from nuclear collision events, background
signals from delta electrons not correlated to the nuclear
collision events and the detector noise. These are esti-
mated with CBMROOT transport and digitization simula-
tions. The rates are calculated for a scenario of an instanta-
neous beam rate of 10%/s, and a 1% interaction probability,
i.e. and event rate of 107 for the p+Au or Au+Au interac-
tions. We have simulated a statistics equivalent to 10 ms of
the detector operation time for Au+Au and about 10 times
more for p+Au, scaled up to 1 second and added together.
This results in 10° UrQMD events and 107 Au ions trans-
ported through the target, and about 10 more for the p+Au
case.

Simulations setup and parameters

Delta electrons are secondary electrons knocked out of
atoms by charged particles or ions. They can originate
from beam-target, beam-pipe interactions and elsewhere
in the detector system. The first two effects are event-
uncorrelated since they are produced at all times, even
when no heavy-ion collisions are happening. When low
energetic enough, delta electrons of this kind can spiral in
the magnetic field for some time, possibly overlapping with
the next particles produced in a heavy-ion collision event,
introducing some background. In our work, delta electrons
were generated with Geant 3 simulation engine. This has a
standard delta electron cut of 1 MeV.

As in [1], particle tracks are considered delta electrons
if the Monte Carlo information fulfills the following cri-
teria: PIDppg = 11, IDmother = 0, E > 10 keV,
IXo| < 1.5cm, |Yo| < 1.5 cm, |Zo| < 0.1 cm.

The amount of detector noise produced during the the
digitization procedure was kept to a level of 1500 e~ and
40 digitization threshold, corresponding to 6000 e~. The
parameters used in the digitization procedure are the fol-
lowing: Dynamic Range 75000 e~, Number of ADC lev-
els: 32, Time resolution: 10 ns, Dead time: 500 ns, fraction
of dead channels: 0%, Zero noise rate: 3.9789 - 10~3, Use
of Lorenz shift: Yes, Use of charge diffusion model: Yes,
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Use of cross-talk model: Yes, Energy loss model: Fluctua-
tions.

The impact of passive material in the STS geometry is
very important as it shields off the majority of delta elec-
trons spiraling from outside of detector. We have used the
STS geometry v19a implemented in CBMROOT, which in-
cludes all active and passive elements within the detector
aperture of 2.5° < 6 < 25°.

STS data rates

The scenarios we have studied are: Au+Au at 12 AGeV
with 1 and 0.7 T field, Au+Au at 4 AGeV with 0.7, 0.5,
0.3 T field, and p+Au at 28.3 GeV with 1 T field.

The data rate on the detector is calculated from the
amount of digis produced by the detector multiplied by the
transport message size of 32 bits.

Figure 1 shows the particle density of delta electrons
in X and Y in the 8 STS stations for the worste scenario,
namely 4 AGeV at 0.3 T. The magnetic field deviates parti-
cle towards the left, therefore the particle density is reduced
going from the first to the last station. The relative impact
to the total expected rates is shown in Fig. 2 which shows
the particle density in the 8 detector stations, summed for
all contributions of signal, delta electrons and noise. It is
well concentrated in a slice of the detector, well visible up
to the last station.

Figure 3 shows a comparison of the particle density in
the first (top) and in the fourth (bottom) station for differ-
ent magnetic field scenarios, namely 0.3, 0.5 and 0.7 T.
The increasing strength of the magnetic field deviates more
and more electrons towards the left and reduces signifi-
cantly the particle density. We also note some yield of delta
electrons on the right side of the picture, rising from elec-
trons emitted out of the detector acceptance and bent in by
the magnetic field. On the other hand the contribution on
the 4th station is still large with 0.3 T field, while with a
stronger field of 0.7 T it is essentially negligible.

Table 1 shows the integral data rate from all the contri-
butions summed over all chips and detector stations for all
the different considered scenarios.

Summary

Complementing the studies in [1], the data rate contri-
butions from nuclear collisions, delta electrons from beam-
target interactions and detector noise were studied within
the CBMROOT experiment simulation and analysis frame-
workfor various scenarios of beam energy and magnetic
field were studied. The impact of delta electrons to the
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Table 1: Integral data rate from all the contributions for all the different considered scenarios. The beam intensity is
assumed to be 10°/s, and the event rate 107/s (10 MHz). For p+Au the noise contribution was not included.

Rate (GB/s) Au+Au 12 AGeV Au+Au 4 AGeV p+Au 2.83 GeV

1T 07T 07T 05T 03T 1T
Total 178 194 164 211 363 11
Signal 159 148 118 115 116 11
Delta 14 42 42 91 242 0.009
Noise 5 5 5 5 5 -
Particle density, Z = 30 cm Particle density, Z = 40 cm Particle density, Z = 30 cm Particle density, Z = 40 cm
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Figure 1: Particle density of delta electrons produced in  Figure 2: Particle density summed for all contributions of
beam-target interactions, in Au+Au collisions at 4 AGeV  nuclear collisions, delta electrons, and noise produced in
with 0.3 T field. The density is shown as a function of X  Au+Au collisions at 4 AGeV with 0.3 T field. The density
and Y for the 8 STS stations. is shown as a function of X and Y for the 8 STS stations.
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Figure 3: Top: Particle density of delta electrons produced
in beam-target interactions, in Au+Au collisions at 4 AGeV
with 0.3, 0.5 and 0.7 T field. The density is shown as a
function of X and Y for the first STS station. Bottom: Same
for the fourth station.

total STS rates is significant and has to be carefully evalu-
ated. The beam energy does not have a significant impact
on the rates, neither from nuclear collisions, nor to delta
electrons. In contrast, the reduction of the magnetic field
brings a large increase in the rates of delta electrons.

The critical region is only a slice of cake on one side
around the horizontal axis which corresponds to approx-
imately 1/8 or 1/6 of the detector acceptance. All other
regions are not affected by delta electrons in neither of the
various scenarios. Therefore in those the worst case sce-
nario for the rates is the Au+Au at 12 AGeV with the nom-
inal 1 T magnetic field. In the region affected by delta elec-
trons however, the worst possible case is the 4 AGeV with
0.3 T field. In this case some ASICs reach a hit rate of
100 Mhits/ASIC/s and channel rate of 780 khits/ch/s which
significantly exceeds the maximum ASIC readout rate of
50 Mhits/s, for all ASICs in the triangular region the 0.3 T
delta electron contribution leads to a significant increase in
data rate compared to the 12 AGeV and 1 T reference case.

The consequence of trying to increase the readout band-
width in just this region to cope to the largest possible ex-
tend (i.e. the max. ASIC readout rate) with the delta rate at
0.3 T magnetic field would be a significant increase of re-
sources in the full readout and DAQ chain: the number of
FEBS-5, i.e. frontend boards where the full ASIC readout
badwidth is used, would increase by a factor > 6, the over-
all number of readout boards (STS-ROB) and of DAQ-CRI
boards, and thus the overall cost of the STS readout, would
increase by more than 70%. An overall data rate which
can be handled and which is compatible to the 12 AGeV
and 1 T scenario for the case of a 0.3 T field can only be
reached by reducing the interaction rate by a factor of ap-
proximately 10, or by accepting significant data losses in
the slice of cake region.
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The CBM RICH project has made substantial progress
in various fields in 2020 as will be presented in this CBM
Progress Report.

The mechanical layout and design of the RICH detec-
tor has seen a huge improvement. The geometry was fi-
nally fixed to a mirror tilt angle of 12° leaving more space
towards the dipole magnet and moving a bit outwards of
the stray field. A final design of the shielding box has
been developed and simulated using three different soft-
ware packages (COMSOL, ANSYS Maxwell, OPERA).
Together with slightly released requirements on the max-
imum strayfield in the photon-detector camera due to the
better performance of the HI12700 MAPMT compared to
the H8500, this design now fulfills all requirements. Fixing
the shielding box design, a concept for the mechanical in-
tegration of the photon-detector camera has been proposed.
The pillar structure of the mirror wall has been decided
to be built from aluminum as no significant benefit was
found in simulations when using carbon fiber structures.
The open issue with the beampipe has been relaxed as the
RICH layout now foresees a tunnel as border for the gas
volume through which the beampipe will be guided. This
concept minimizes heavy material budget, such as would
be introduced by flanges, and allows for a lightweight con-
nection to the STS beampipe. With these improvements,
a CDR of the RICH mechanics has successfully been pre-
pared and accepted.

The layout of the photondetector camera has been de-
veloped in further detail and a CDR has successfully been
presented and accepted. This CDR includes a concept for
cooling, cabling, and the above mentioned concept of me-
chanical integration into the RICH gas box. The develop-
ment of the cooling concept did advance considerably with
a prototype that has been built and successfully used for
first measurements.

Overall, with this progress the RICH group comes close
towards a final, complete mechanical design which would
be the start of construction.

* claudia.hoehne @physik.uni-giessen.de
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The 12 mirror prototypes deliverd in 2019 have been
tested in detail in 2020 and integrated in the mirror wall
prototype. As all remaining issues have been investigated,
a mirror CDR is in preparation.

The mRICH detector in mCBM has been completed
with a second aerogel block and the full photon detector
plane comprising 36 MAPMTs in six 2x3 arrangements
on backplanes. The detector could be run reliably during
the complete beamtime period although run remotely due
to the Covid Pandemia. The mRICH analysis successfully
could prepare a first measured [-spectrum of mCBM.
Currently, work is ongoing to port the firmware to the new
CRI boards in order to be ready for the next beamtime
2021. For the RICH detector the CRI platform will be the
final DAQ platform in CBM.

The RICH upgrade of HADES has shown a phantastic
performance of the RICH as reported last year. In 2020
many detailed studies of the RICH performance have been
done and the full RICH potential was exploited for the
dilepton spectra leading to a signal-to-background ratio of
about 1 for masses below the w-meson and of about 3 at
the mass of the w-meson.

The CBM RICH software has continuously been im-
proved. RICH simulations by now can also successfully
be performed with GEANT4. Dilepton simulations show a
clear influence of the additional material budget of the STS
but no drop in the performance of the dilepton measure-
ments yet.
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The largest component of the RICH detector (Fig. 1) is
the radiator gas vessel (2), carrying the focusing mirror
system. The radiator gas vessel is filled with radiator gas
(CO3). The focusing mirror system is located inside the
vessel. It is based on a mirror support structure (3), to
which mirror tiles are mounted using special mirror mounts
and intermediate small frames. The vessel is installed on
the RICH support frame — a base support platform with ad-
justable hinged (articulated) supports (1), which in turn are
mounted on the common RICH/MuCh foundation match-
ing the beam line height of approximately 6 m above floor
level of the CBM cave. The two photon detectors are in-
stalled above and below the beam pipe on the front side
of the gas vessel. They are contained in massive magnetic
shielding boxes (4) to protect the photon sensors from the
stray field of the nearby dipole magnet. The radiator ves-
sel has thin input (6) and output (7) windows at the front
and back sides, respectively, to minimize the material bud-
get for detectors further downstream. A special reflective
mesh will be placed in the area of the entrance window to
control the orientation of the mirror tiles during detector
operation (CLAM method). A special plastic (or carbon
fiber) tunnel (5) for the beam pipe is located in the center
of the gas vessel.

Figure 1: General layout of the CBM RICH detector me-
chanical structures, (1) — RICH support frame with ad-
justable hinged (articulated) supports, (2) — radiator gas
vessel, (3) — mirror supporting structure, (4) — magnetic
shielding boxes, (5) — tunnel for the beam pipe, (6) — input
window, (7) — output window.

The RICH support frame (support platform) ensures the
stability of the installation of the entire detector in the op-
eration position, and also provides the possibility of detec-
tor position alignment on the beam axis in the cave of the
CBM experiment. Alignment of the detector is carried out
using adjustable hinged supports, which are pre-installed
on the RICH/MuCh foundation. To reduce the effects of
various mechanical stresses on the mirror system, which is
tuned with high accuracy, the support frame is designed as
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a rigid structure and provides the basis for the rest of the
RICH detector. Displacement of the detector is done by
crane lifting the frame using special lifting beam. The sup-
port frame is mounted on three adjustable hinged supports,
each of which is designed to carry the static load of 6000
kg. Two (or more) additional safety supports will probably
be used to provide additional stability of the structure. The
plate which provides the basis for the radiator gas vessel
and mirror support structure mounting is fixed to the top
of an I-beams frame. Hemispherical support elements are
fixed to the bottom of the support frame for installation on
adjustable hinged supports.

The design of the adjustable hinged supports allows
to move the detector in vertical direction (y-axis) within
15 mm, 100 mm in horizontal direction (z-axis, across the
beam), and 580 mm along the beam axis (z-axis). With
this, the design ensures accurate positioning of the detec-
tor along the beam axis. Increased displacement along the
beam axis (z-axis) allows to have access to the section of
the beam pipe located between the RICH and the dipole
magnet, as well as to make safer crane lifting of the detector
when moving it from its operation and parking positions.

Two types of adjustable hinged supports are used to ad-
just the position of the support frame. The design of the
supports is shown in Fig.2. The support of the first type
regulates the movements in transverse and vertical direc-
tions, and it has free movement in longitudinal direction
and all rotational degrees of freedom. The support of the
second type regulates the movements in longitudinal and
vertical directions, and it has free movement in transverse
direction and all rotational degrees of freedom.

Type 1 Type 2

Figure 2: Design of the adjustable hinged supports.

There is a hemisphere that provides rotational degrees of
freedom at the top of supports. The lead screws and lin-
ear guides provide the movement of the hinged supports.
The rotation of the screws is carried out manually. Spe-
cial sliding wedges provide vertical movements. In case of
insufficient adjustment in vertical direction (y-axis), spe-
cial spacer pads can be used. The installation diagram of
the adjustable hinged supports is shown in Fig. 3 (bottom
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Figure 3: Installation diagram of supports for adjusting the
position of the support frame (bottom view). The arrows
show the operation direction of the adjusting screws for dif-
ferent types of supports.

view).

The mirror support structure (mirror support frame) will
ensure the mechanical stability of the focusing mirror sys-
tem with focusing mirror tiles. The focusing mirror system
is split into two halves one of which is located above and
other below the beam pipe. The spherical mirror surface
will be made up of single trapezoidal tiles of four different
types with different sizes. Each mirror tile is individually
orientated towards the photon detectors and is a part of a
sphere with radius of 3 m. The design of the mirror support
structure should ensure the long term global positioning of
the mirrors with accuracy better than 1 mrad. In addition,
the parts of the mirror support structure should pose as little
material budget in the CBM acceptance as possible.

The option of the mirror support structure with thin-
walled aluminum pillars is proposed for construction (see
Fig.4) as a result of intensive studies carried out to date [1].
Each pillar carries two vertical rows of mirror tiles. Mirror
tiles are mounted on a special small transition frame and
are attached to the pillar through special consoles. Prelim-
inary analysis showed that such design can provide the re-
quired strength and stiffness, while ensuring a minimum of
material budget in the acceptance of the detector.

Figure 4: Pillar with two vertical rows of mirror tiles in-
stalled (left), structure of the mirror support structure and
the mirror system assembled with pillars (right).

The design of the small frame for fixing mirror tiles
and mirror mounts is shown in Fig.5. The frame is as-
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sembled from aluminum parts and has mounting seats for
mirror mounts. The mirror tiles are attached to the frame
with three adjustable mounts which allow aligning the mir-
ror tiles independently of each other to achieve satisfactory
convergence and focusing of the entire focusing mirror sys-
tem [2]. The adjustment of the position of the mirror tiles is
done manually by rotating a regulating screw of the mount
using removable handles.

]

Figure 5: Design of the thin-walled frame for fixing mirror
tiles (small frame, top), mirror mount (bottom left), small
frame, mounts and mirror titles assembled (bottom right).

The radiator gas vessel is installed on a stiff platform
(RICH support frame) which can be aligned to the beam
position and direction (see Fig. 1). The vessel provides a
gas- and light-tight enclosed volume for the gas radiator
and provides the mounting of the magnetic shielding boxes
of two photon detectors. The dimensions of the vessel are
about 2.2 m in length, more than 5m in height and about
6m in width. The parts of the front and rear cover lying
within the CBM acceptance region must provide a material
budget as low as possible. For example, the front window
can be made of Kapton foil or similar, the rear window can
be made from thin plastic sheets. The vessel is expected to
be assembled from several aluminum parts for easy trans-
portation and production. The mirror support structure is
not mechanically coupled with the vessel to reduce such
impact.

A tunnel for the beam pipe is located in the center of
the detector (see Fig. 1). It will be made of plastic or car-
bon fiber and will be fixed on special extensions in the area
of the input and output windows. Entrances located at the
front and lateral sides of the detector will be made to pro-
vide access to the inside of the radiator vessel.

This mechanical design concept reaches all requirements
and has been approved by the collaboration.

References
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Update on the magnetic shielding box design and simulations

D. Pfeifer, C. Pauly, and K.-H. Kampert
Bergische Universitidt Wuppertal, Germany

Further progress has been made with respect to the de-
sign of the magnetic shielding boxes for the RICH photon
detectors. These iron shielding boxes are integral parts of
the RICH radiator vessel, and will house the camera mod-
ules. Recent calculations of the expected stray field includ-
ing the effect of a laminated magnet yoke done by the CBM
magnet group predicted a further increase of the total mag-
netic stray field in the relevant RICH PMT region of up to
~ 25% in a worst case scenario (see [1] for details).
Another effect not considered so far (but now taken into ac-
count in our most recent simulations) is the effect of the sig-
nificant amount of KOVAR alloy in the MAPMT housings
(~ 42 kg) which could potentially draw additional field
lines into the region of the photon detectors. KOVAR is
an alloy (54% iron, 29% nickel and 17% cobalt) with rel-
atively large magnetic permeability y, in the range of 1000
- 5000. Finally, the camera position was slightly adapted
in accordance with the latest RICH geometry, and also the
shielding box size was slightly increased to match latest
mechanical design considerations. This shift of —50 mm
upstream (towards the magnet), and 75 mm outwards in
vertical direction (away from the beam), provides some ad-
ditional space between acceptance cone and camera and al-
lows for further optimization of the shape of the shielding
box.

A sketch of the final shielding box, together with the
magnet, is shown in Fig. 1. It also includes an optional
iron shielding plate (green) between magnet and shielding

Figure 1: Magnetic shielding geometry for the photon de-
tection camera. Red colored: magnet, blue colored: shield-
ing box, purple colored: enlarged wing, green colored: ex-
tra shielding plate.
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box. This would, according to simulations, provide addi-
tional suppression of the stray field within the camera vol-
ume and could be added later in case of unexpectedly high
stray field. The design of the RICH- and the magnet would
not be affected by such an addition.

Figure 2: Comparison of total magnetic stray field for:
shielding box + KOVAR alloy + original wing design(top),
with optimized wing design (middle), with optimized wing
plus extra shielding plate (bottom). Field values in mT us-
ing the same color scale for all plots.

The field calculations shown Fig. 2 have been performed
using the COMSOL Multiphysics software package includ-
ing the AC/DC module for magnetic fields. The main
goal of this study was to further optimize the design of the
shielding box and inner wing structure for optimum detec-
tor performance.
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Adding additional iron (~ 70 kg per shielding box) to the References
inner wing structure, together with an optimization of its
shape, reduces the magnetic stray field by ~ 35 % (Fig.2
top vs center plot). Adding the extra shielding plate (width:
2000 mm, height: 600 mm, thickness: 20 mm, total weight:
~ 200 kg) located outside the gas radiator vessel between
the field clamp of the dipole magnet and camera shielding
box reduces the field by another ~ 30 %. Combining both
wing modification and shielding plate results in a reduction
of the maximum total field by more than 50% (c.f. Fig.2
bottom).

[1] P. Senger et al., The superconducting dipole magnet of the
CBM experiment, CBM Progress Report 2019, p.146

Thus, the suit of simulations suggests that the main re-
quirement of reducing the stray field in the area of the
MAPMTs down to values of 2 - 3 mT can be fulfilled. How-
ever, it should be noted that the simulations do not yet in-
clude the effect of magnet yoke lamination which could in-
crease the stray field by up to 25 %. The additional shield-
ing plate between magnet and camera box can thus be con-
sidered as additional optional measure in case the results
of later field measurements show slightly higher stray fields
than expected. However, the safety margin is not very large
and only in the order of 1 mT.

The results of these simulations and the final shield-
ing box design are presently being cross checked by AN-
SYS Maxwell calculations carried out by the CBM magnet

group.

Figure 3: Latest design of the magnetic camera shielding
box

This design of the shielding box, which we now consider
as final, is depicted in Fig. 3. An important aspect is that it
will become an integral part of the radiator vessel and will
provide a gas-tight interface to the photon camera by a sur-
rounding flange. The photon camera will be mounted from
the backside into the shielding box like a drawer. Because
of these requirements, the shielding box will be a complex
structure requiring precise manufacturing using materials
of appropriate magnetic properties. It was found that sub-
stituting the originally foreseen soft iron by steel 1010 will
have only minor effects on shielding capabilities but would
provide much better mechanical handling properties.
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Conceptual design of the CBM RICH photon detector

C. Fauly, D. Pfeifer, and K.-H. Kampert
Bergische Universitidt Wuppertal, Germany

In 2020, the conceptual design of the CBM RICH detec-
tor has been finalized and has passed a critical Conceptual
Design Review (CDR) in November 2020. This design is
now further worked out towards a full engineering design
before starting the construction of the RICH detector. Of
particular interest here are the modular design of the RICH
photon detection cameras and their surrounding iron mag-
netic shielding boxes. A concept has been worked out how
the photon detectors interface with the main RICH vessel,
and how the cooling of the readout electronics inside these
detectors will be achieved.

Mechanical design concept

Figure 1 shows a sketch of the latest design of the
CBM RICH detector. The two photon cameras are posi-
tioned inside the iron shielding boxes above- and below the
beampipe. Parts of the backward cover plates of the pho-
ton camera boxes are shown in grey. A large central patch
board (placed on the lower right of the detector) provides
the interface to all electrical and optical connections. Ca-
bles from patchboard to the cameras will be fixed to the
vessel, allowing for easy mounting and unmounting of the
cameras themself as explained below.

The camera module and the surrounding shielding box
are two distinct entities, where the heavy shielding box (see

Figure 1: Schematic drawing of the RICH detector with
both photon cameras installed. All electrical and fiber in-
terconnects will be routed via the central patch panel on the
lower right side of the detector.
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[1, 2]) will be fixed as integral part of the RICH gas vessel.
The backward enclosure of the shielding box (outer parts:
iron slabs, central part: non-magnetic) can be removed to
allow insertion of the photon camera from the backside,
as sketched in Fig. 2 (camera module: blue, shielding box:

grey).

Shielding box

Figure 2: The RICH photon detector frame is slid into the
magnetic shielding box, and fixed only via the (gas-tight)
backward mounting flange. Plastic glider wedges (yellow)
help during the installation procedure.

Removing the shielding box back cover will also allow
maintenance access to the readout electronics from out-
side (when the RICH is placed in its maintenance position)
without removing the photon detectors. Special plastic /
Teflon guides (shown in yellow) help to guide the cam-
era module into its final position before it gets fixed to the
shielding box via the large rectangular flange at the back.
The flange provides a gas-tight seal, and is the only contact
area between camera and shielding box once flange screws
are fixed. This protects the camera with its sensitive pho-
ton sensors (placed on the outside radius of the cylindrical
detection plane) of any possible deformation of the heavy
shielding box.

The photon camera module itself consists of a cylindri-
cal shaped front part made of 14 CNC-milled aluminum
elements (each 157 x 901 mm?, 10 mm thick), each carry-
ing 7 readout modules with each 3 x 2 = 6 MAPMTSs on
the front, and 7 x (12+ 2) DIRICH readout modules on the
back. The individual aluminum elements will be screwed
and glued together in order to ensure gas tightness. Pre-
cise shape and stability of the cylindrical front face is main-
tained by the top and bottom aluminum plates (each 15 mm
thick) of the camera box. Further stability is achieved by
the large rectangular mounting flange, which also serves
for crane lifting the whole camera during installation.

Sufficient stability of this design (total weight of each
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camera is estimated 425 kg, including 250 kg for read-
out electronics, photon sensors, and internal structures) was
studied in FEM simulations, where in these simulations the
camera was supported only via the rectangular flange. Re-
sults (see Fig. 3) show very little deformation of the whole
structure by maximum ~ 0.16 mm only, proving sufficient
stability of the overall design.

Arrangement and fixture of the readout modules is
sketched in Fig. 4.

Figure 3: FEM stability calculations of the camera mod-
ule frame. The frame (Eigen-weight: 175 kg, plus addi-
tional 250 kg acting on the cylindrical front) is supported
via the mounting flange only. Maximum displacement (up-
per plot) is ~ 0.16 mm only, maximum von-Mises stress is
~ 107 N/m? (lower figure, distortion exaggerated for visu-
alization purpose only).

As described in [1], the front-end modules are supported
by 3d-printed plastic “masks”, which not only provide me-
chanical stability to each module, but also incorporate cool-
ing air distribution channels. Cooling air (< 18°C) is in-
jected into each module column from top and bottom, dis-
tributed via the interconnected support “masks”, and leaves
close to the connector side of each electronic module, pro-
viding optimal air cooling for each module and backplane
PCB (with the temperature sensitive PMTs mounted on
their opposite inner side).
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Cooling air

Figure 4: Mounting structure for the readout electronic
modules using special air distribution masks supporting the
modules mechanically. Cooling air, injected from top and
bottom of each column, is distributed via these masks.

Camera installation procedure

The installation procedure of a complete camera mod-
ule into its corresponding shielding box is done in several
steps as sketched in Fig.5. A special crane tool attached
to the mounting frame of the camera module will be used
for installation of the camera, balancing the camera mod-
ule in the correct tilt angle of 22° downwards (upwards
for the lower camera) for installation. Guiding pins on the
flange will help to position the camera for insertion. Once
the camera module is fixed inside the shielding box via the
mounting flange, in the next step all cable- and fiber con-
nections are connected directly to the DIRICH-Combiner
and DIRICH-Power frontend modules. The cables will be
arranged in several individual cable arms permanently fixed
to the RICH vessel, allowing for easier removal of the cam-
era module. Finally, also the cooling air supply hoses are
connected, and the back cover of the shielding box is rein-
stalled.

An important aspect in the camera installation procedure
is the question whether it will be safe enough to install the
camera modules with all photomultipliers already in place,
fairly unprotected at the front face of the camera, or if the
PMTs have to be installed after camera installation, from
inside the radiator vessel. Installation of photon sensors af-
ter camera installation is difficult in particular for the upper
camera module, where later excess from inside the radiator
vessel is very difficult due to height (approx. 4 m above ra-
diator floor level) and the tight space constraints and prox-
imity of the fragile RICH mirror inside the gas box. PMTs
on the lower camera box will probably be fairly well ac-
cessible also from inside the radiator according to the lat-
est design (providing access doors to the radiator vessel).
However, access from inside will require full removal of
the radiator gas (C Os) first, and is posing the risk of pol-
luting the radiator and mirror.
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Figure 5: The Photon camera is mounted into the shielding  Fjgure 6: Sketch of the cooling air circulation loop consist-

box from outside using a dedicated crane tool, afterwars all ing of blower, heat exchanger, and the two photon camera
electrical and air supply lines get connected. Finally, the  odules.

backward shielding box wall is closed with iron slabs.

pressure in case of faults (e.g. broken hoses) in the circu-
Camera cooling lation system. A sketch of the circulation loop, with rough
estimates on required air flow and minimum tubing cross
The total heat dissipation of all readout frontend elec-  sections is shown in Fig. 6.
tronic inside both photon detectors will be in the order of The cooling system components (blower and heat ex-
2 x 3 = 6kW, and will be extracted via a closed loop air  changer) will be placed in the cave, not too far from the
circulation system. Inside the photon detectors, cool air  detector working position. An isolating enclosure of the
will be distributed via the PCB masks covering each mod-  blower will limit the sound emission into the cave. Fixed
ule backplane PCB as sketched above. air channels, probably installed along the MUCH founda-
The circulation system consists of a large air blower, ca-  tion below the detectors, will guide the cooling air to and
pable of delivering up to 10 m3/min of air at ~ 100mbar  back from the RICH measurement position.
over-pressure. This blower is extracting the warm air from

both photon detector modules and recirculating it via a Outlook
large water-cooled heat exchanger close to the blower. The )
cooled air is then routed back to the detector. The heat ex- The concept for the photon detectors and cooling system

changer will be connected to the cave cooling water circuit 1S far advanced. We have started to construct a full size
(water-temperature ~ 10-12 °C), providing cooling air of ~ demonstrator of one camera module in order to test and
~ 16-18 °C at the detector inlet. A filter and cyclone wa- optimize the manufacturing procedures. Together with the
ter separator behind the heat exchanger will safely remove  first readout electronic components hopefully available by
any condensing water from the cooling air. This place in- end of 2021 we also plan to test the cooling concept under
side the heat exchanger unit is the only place where con-  nominal load with this demonstrator.

densation can happen. Close temperature monitoring of all

detector parts will eliminate the risk of water condensation References

anywhere else inside the detectors. Recirculating the air [1] D. Pfeifer et al., Magnetic field simulation, construction and

will limit the tot.al amount of .condensmg vsfaterj ar}d will cooling of the CBM RICH camera, CBM Progress Report
also help to avoid dust and dirt accumulating inside the 2019, p.50.

readout electronics. Special spring loaded over/under pres-
sure air flaps in the shielding box enclosure will protect
the photon cameras from any dangerous over- or under-

[2] D. Pfeifer et al., Update on the magnetic shielding box [...],
this report.
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Camera cooling prototype - first measurements

D. Pfeifer, C. Pauly, and K.-H. Kampert

Bergische Universitiat Wuppertal, Germany

A sophisticated air cooling system is being developed for
the photon cameras of the CBM RICH detector. The main
requirement is to provide cooling of the readout electron-
ics and to keep the temperature of the backplane PCBs, to
which the readout modules are mounted, at temperatures in
the order of ~ 30 °C . This low temperature of the back-
plane PCBs is important as they are in turn also in close
thermal contact to the photon sensors, whose noise floor
depends sensitively on the operation temperature (see [1]
for details.)

In order to understand the requirements in terms of cool-
ing air-flow rate and -temperature, a prototype model of
a single readout column (1/14 of the full camera) has
been built at Wuppertal University. This prototype con-
sists of a fully equipped camera column comprising 7
MAPMT backplanes, 84 DiRICH-frontend modules, and
7 Power- and Concentrator modules. Total heat dissipa-
tion of the electronics is in the order of 170 W (1/14 of
a fully equipped camera). The prototype is enclosed in a
thermally insulating box to minimize conductive cooling.
For first tests, conventional compressed air has been used
as cooling air. The air flow is measured using flow sen-
sors (Sensirion, SFM 3000) and regulated by an automated
valve. The temperature of the cooling air is regulated us-
ing a water cooled heat exchanger, precise control of air-
temperature and -flow are achieved by applying PID regu-
lators implemented inside the EPICS control system. Au-
tomated parameter scans of cooling temperature and flow
rates were carried out while all relevant parameters, includ-
ing temperatures of all DIRICH modules and backplanes
(using digital sensors DS18B20 from Dallas Semiconduc-
tors), cooling air flow, and cooling temperature were con-
stantly logged for subsequent analysis. Figure 1 shows first
results of the measurements in terms of backplane temper-
ature as function of cooling air flow and air temperature.
The following observations were made:

(i) Operating the read out electronic without any cooling
heats up the backplane PCBs very rapidly. Temperatures
of the PMTs rise up to well beyond 50 °C, far outside the
acceptable range.

(i) Applying sufficient air cooling, the temperatures are
significantly reduced. The minimum temperature of the
cooling air needs to be above about 16° C in order to
safely prevent formation of condensing water. At this
minimum allowed cooling air temperature, a flow rate of
2> 350 — 400 V/min is required for the prototype in order
to provide sufficient cooling. Scaling up these numbers to
a complete camera module results in a flow rate require-
ment of ~ 5 m3/min per camera (~ 10 m?/min for full
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Figure 1: Measured mean temperatures of the backplane
PCBs as a function of cooling air temperature for four dif-
ferent flow rates.

detector) in order to keep the MAPMT temperature below
~ 30° C at all times.
(iii)) The temperature gradient along the vertically stag-
gered backplanes in a camera column is kept below +2 K
from the mean value.

Next steps: At present, the compressed cooling air is
injected only on the upper and lower end of the readout
column and is then distributed vertically in each column
via the interconnected cooling masks. By using different
masks with varying air nozzle sizes in dependence of the
vertical position of the masks we hope to further equalize
the temperature profile. The next step is the construction
of a full camera module demonstrator including a full size
cooling system (consisting of an air blower and large water
heat exchanger) in order to qualify the cooling concept for
final production. Construction of this full size demonstrator
has started beginning 2021.

References

[1] D. Pfeifer et al., Magnetic field simulation, construction and
cooling of the CBM RICH camera, CBM Progress Report
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Material for the RICH mirror support structure: aluminum vs. carbon

S. Lebedev' and C. Hohne'?

1 Justus Liebig University Giessen, Giessen, Germany; 2GSI, Darmstadt, Germany

The type of material to be used for the RICH mirror sup-
port structure is still undecided. Presently, two options are
considered: aluminum and carbon. Both materials have ad-
vantages and disadvantages. The aluminum option is much
cheaper and easier in production and maintenance, but adds
material inside the acceptance of the experiment. On the
other hand, the carbon option is more expensive and it re-
quires more expertise in production, but it reduces the ma-
terial budget by a factor of two in comparison to aluminum.
In this report, we compare the two material options by per-
forming corresponding simulations.

Figure 1 shows the main components of the mirror sup-
port structure, namely, 6 pillars and 80 belts as they are
implemented in the cbmroot framework. In order to study
the effect of material for pillars and belts independently,
4 RICH geometries were prepared for the simulations:
1) Aluminum-Aluminum (A-A), 2) Carbon-Carbon (C-C),
3) Aluminum-Carbon (A-C), 4) Carbon-Aluminum (C-A).
The first material in the name defines the pillar material,
the second one defines the belt material. All geometries
are based on the vl17a_le version of the RICH geome-
try. The ST'S BoxCarbonFibre material from media.geo
was used as a carbon material.

80 belts

o pirs | |

Figure 1: The RICH geometry v17a_le in the simulation.
The mirror support structure consists of 6 pillars and 80
belts.

Figure 2 shows the radiation thickness of the RICH de-
tector for parallel tracks. One can clearly see the differ-
ence between aluminum and carbon materials. The alu-
minum pillars and belts (left plot) are more pronounced
than the carbon ones (right plot), however, the difference
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is not big. Taking into account the material budget in front
of the RICH from the STS detector, the difference becomes
even smaller.

Radiation thickness [%)]

i L. im=
-200-100 0 100 200
X[cm]

7200100 0 100 200
X [cm]

Figure 2: Radiation thickness of the RICH detector for par-
allel tracks. Left: A-A geometry. Right: C-C geometry.
Maximum is set to 100% for a better view of the pillars
and belts.

The reconstruction performance was studied with
100K UrQMD central Au+Au collisions at 8 AGeV and
12 AGeV beam energies, 10 additional e* were embedded
in each event in order to investigate the electron perfor-
mance.

Table 1: Number of MC points, digis and hits in the TRD
and TOF detectors.

| Number/event | A-A [ C-C | A-C | C-A |
UrQMD Au-Au central at 8 AGeV

TRD MC points | 1703 | 1686 | 1694 | 1696
TRD digis 5191 | 5133 | 5161 | 5167
TRD hits 1447 | 1432 | 1439 | 1441
TOF MC points | 6180 | 6139 | 6157 | 6162
TOF hits 740 | 735 | 737 | 738
UrQMD Au-Au central at 12 AGeV

TRD MC points | 2287 | 2263 | 2273 | 2276
TRD digis 6962 | 6880 | 6915 | 6923
TRD hits 1946 | 1924 | 1934 | 1936
TOF MC points | 8465 | 8405 | 8429 | 8437
TOF hits 1004 | 997 | 1000 | 1001

The first thing to check is how much background the ad-
ditional material adds for the upstream detectors. Good in-
dicators for this are the number of MC points, digis and
hits in the TRD and TOF detectors. Summary results are
presented in Table 1. No big differences are observed be-
tween different material variants. The simulation with the
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A-A RICH geometry shows 1% more TRD MC points in
comparison to the C-C version. Approximately half of the
additional background is caused by the pillars, another half
by the belts. For the TOF detector the difference between
A-A and C-C versions is even less pronounced. Simulations

CBM Progress Report 2020

Table 2: Summary table of results from the reconstruction
performance. The efficiencies are shown for primary e*.
All numbers are calculated for a momentum range [0 — 6]
GeVlc.

for 12 AGeV beam energy show similar results. ’ Efficiency [%] ‘ AA ‘ Cc-C ‘ A-C C-A ‘
Figure 3 shows the global tracking performance results UrQMD Au-Au central at § AGeV
for primary e*. The mean efficiency for 8 AGeV beam TRD tracking 905 | 90.8 | 906 | 90.6
energy is 79.9% for the A-A geometry and 80.4% for C-C. TOF matching 933 | 934 | 934 | 934
The corresponding numbers for 12 AGeV beam energy are Global efficiency | 79.9 | 80.4 | 80.1 | 80.1
77.4% and 77.9%, respectively. The gain of the usage of a EL id. efficiency | 78.9 | 79.3 | 79.0 | 79.1
fully carbon mirror support structure is 0.5%. Again, half Pion supp. 36.9k | 35.6K | 33.0k | 34.5k
of the gain is caused by the pillars, the other half by the UrQMD Au-Au central at 12 AGeV
belts. TRD tracking | 89.9 | 90.2 | 90.I | 90.1
S S — TOF matching 93.1 93.3 93.3 93.2
£ —— snemns | T T 7| ey Global efficiency | 77.4 [ 779 | 777 [ 776
P e El id. efficiency | 76.3 [ 76.8 | 76.6 | 76.6
5 eoiZT*M R 605__;._:2“ ] Pion supp. 19.6k | 19.7k | 19.5 20.2
% z % z ;

4 4 6

P [GeVic] P [GeVic]
Figure 3: Global tracking performance for primary e,
Left: A-A geometry. Right: C-C geometry. UrQMD central
Au+Au collisions at 8 AGeV.

Figure 4 shows the electron identification efficiency and
pion suppression for primary e*. The mean numbers for
8 AGeV beam energy are 78.9% and 36.9K for the A-A
geometry; 79.3% and 35.6K for C-C. The corresponding
numbers for 12 AGeV beam energy are 76.3% and 19.6K;
76.8% and 19.7, respectively.
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Figure 4: Electron identification efficiency (left) and pion
suppression (right). Top: A-A geometry. Bottom: C-C ge-
ometry. UrQMD central Au+Au collisions at 8 AGeV.

A summary of the reconstruction results for 8§ AGeV and
12 AGeV beam energies is presented in Table 2.
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Summary. Four different variants of the RICH geome-
tries with aluminum and carbon mirror support structure
were tested. Overall, the difference in results for all ge-
ometries is at the 1% level. The contribution of the pil-
lar and belt materials is approximately the same. Thus, in
absence of a clear argument for carbon pillars, the RICH
mirror support structure will be built from aluminum.
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RICH mirror distortion from holding structure gluing process
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In previous reports, results from QA tests were presented
to characterize the CBM RICH mirror quality [1]. Lat-
est studies showed inhomogeneous distortions at those po-
sitions, which were glued to the aluminium plate of the
mounting structure [2]. For mounting the mirror with low
material budget, three aluminium plates of 40 mm diameter
and 2 mm thickness are used for each mirror to attach the
mirror to the holding structure thus fixing its position.

These distortions have been studied and characterized
with DO measurements which are usually used to measure
the homogeneity of the full mirror tile.

For the DO measurement a point like laser is reflected
by the mirror to a camera. DO is defined as the diameter
where 95 % of the integrated light intensity is reflected to.
This method provides the radius of curvature of the full
mirror tile, or can be used to determine the radius of cur-
vature of a certain local area, while the rest of the reflect-
ing area is covered by a mask. We compared the silicon
based RTV157 glue with the epoxy resin Araldite2012 by
performing systematic studies in terms of the amount of
glue, the pressure while curing, the curing time, and the
shape of the holding structure aluminium plate. As result
of these measurements, we find that the extent of distor-
tion can be minimized by using silicon based glue instead
of epoxy resin. In addition, it is important to reduce the
amount of glue to a minimum, which in our case is ~0.3 g
per aluminium plate. The time of curing under pressure and
the weight used for curing do not effect the strength of the
distortion.

Radius of curvature of the mirror Possible shift
P

Radius of
curvature of
the mirror  ~

Radius of curvature of the
distorted area

adius of curvature of the
distorted area

Distortion Distortion
Figure 1: Left: distortion which changes the radius of cur-
vature of the distorted area, Right: distortion which shifts
the focus of the distorted area

In figure 1 two different kinds of distortions are shown
schematically, which might influence the quality of the ring
reconstruction. The results of measurement of the radius of
curvature (7o) of a full mirror tile and of a slightly distorted
area is shown in figure 2. Comparing the two minima of the
distributions, we clearly see a 10 mm difference in r( to-
wards smaller values for the distorted area. The glued alu-
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minium plate obviously contracts the glass slightly. For a
stronger distorted area these values reach up to 25 mm. De-
viations of this magnitude have indirectly been simulated
in context with the optimization of the RICH geometry [3]
and the influence in ring quality is rather small.
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Figure 2: Results of the DO measurement for the whole
mirror on the left, and for a slightly distorted area on the
right (0.5 g epoxy glue, 0.7 kg weight)

In addition to characterizing the radius of curvature of
the distorted area we also measured a possible shift of the
focus which is schematically shown in figure 1 on the right.
Therefore, we repeated the DO measurements and focused
on the center of gravity of the light intensity.
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Figure 3: Spatial distribution of the light intensity, left for
the whole mirror, right for the distorted area which we in-
vestigated

The measurement shows a shift of the center of curvature
which is in the order of 0.33 mm. Compared to the size of
a single CBM RICH MAPMT pixel of 6 x 6 mm? this is
neglectable.

This, the resulting distortions which have been investi-
gated are rather small and will not harm the quality of the
RICH.
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Comparison of the reflectivity for HfFOQ, and MgF, coatings of RICH mirror
prototypes

C. Feier-Riesen' and C. Hohne'?>

1Justus—Liebig—UniverSitéit Gieflen, Germany; 2GSI, Darmstadt, Germany

In 2019 12 new mirror prototypes have been delivered.
They differed in size but also in the protective coating of
the reflective Al layer. Eight prototypes were delivered to
PNPI for implementation in the mirror wall prototypes, 4
remained at University Giessen for further tests, see [1].

The reflectivity and its long-term behaviour of the
hafnium (Hf O3) coated mirrors has been measured in or-
der to investigate a possible influence of air humidity and
higher temperatures. Therefore, the mirrors were placed in
a climate chamber for altogether 60 days. For the first half
of this period, the ambient conditions were 1" = 30 °C and
H = 50%. For the second half, they were increased to
T = 40°C and H = 70 %. In between, reflectivity mea-
surements were done every 7-10 days.

As shown in Fig. 1, no effect to the integrated reflectiv-
ity can be found. The fluctuations are well within measure-
ment errors.

7000
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Figure 1: Integrated reflectivity of the Hf O coated mirror
as a function of time spent in the climate chamber.

Next, the resistance of the hafnium coating to dirt, fin-
gerprints, etc. had been tested. Marks with a nitrile glove,
a cotton glove and a finger were made on the surface. In
contrary to the others, a clean cotton glove leaves almost
no marks. Afterwards each mark was cleaned with a cloth.
The prints vanished almost completely, however no cross-
check of reflectivity was done so far.

A comparison of the reflectivity spectrum of three Hf O2
and a MgFl, coated mirror as well as our very first test
mirror (MgF2) is shown in Fig.2. In general Hf coated
mirrors have a higher reflectivity in the UV, however there
are quite large differences between the mirrors.

In addition, the MgFl; coating was also tested for me-
chanical stability by adding fingerprints. Unlike for the
Hf O2 coating it was by far not possible to remove the fin-
gerprints, in fact, additionally the surface was scratched by
the cloth.

Finally, a qualitative Ronchi test was applied to the
hafnium and magnesium coated mirrors. It showed slightly
more uniform grid lines on the hafnium coated mirrors thus
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Figure 2: Wavelength dependent reflectivity of the hafnium
and magnesium coated mirrors. The correction factor due
to the spherical surface is not yet considered and will de-
crease the values by a few percent.

a more uniform surface there, although both are very good
(see Fig. 3).
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Figure 3: Ronchigrams of the magnesium coated mirror
(left) and one of the hafnium coated mirrors (right).
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mMRICH status and results of the mCBM beamtime 2020
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Status of the mRICH detector

The mRICH detector is a small size prototype of the fu-
ture CBM RICH detector which is operated in the mCBM
experiment to serve primarily as a test for the newly de-
veloped TRB based free streaming detector readout. The
detector follows the concept of a proximity focussing
Cherenkov detector with two 20x20x3 cm? aerogel radia-
tor blocks (n = 1.05). The produced Cherenkov photons
are detected 10 cm further downstream by 36 MultiAnode
PhotoMultiplier Tubes (MAPMTs), arranged on 2 x 3 front-
end backplanes (see Fig. 1). Each backplane is equipped
with a combiner board, twelve DiRICH boards and a power
module. The DiRICH detector readout is based on Trb-
Net and connects to the free streaming data acquisition of
mCBM via the AFCK board in mCBM phase-I [1].

The mCBM beamtime in spring 2020 was the first test
of the AFCK readout with the fully equipped mRICH de-
tector. During the beamtime only a few DiRICH boards
were inactive to provide an extremely stable condition for
the full mCBM experiment.

Figure 1: Left: CAD drawing of the full mRICH detec-
tor with support equipment below the detector box. Right:
View inside the detector with the two aerogel blocks in
front and the MAPMT readout plane behind.

Performance of the mRICH

The mRICH detector showed a very reliable perfor-
mance during the 2020 beamtime campaign. Besides the
stable performance of the detector, the analysis of the col-
lected data show very clear correlations to the reference
detector mTOF (as well as mTO) both in time as well as in
localization of the hits. The analysis and the corresponding
correlations will be presented in the following.

The analysis of the data is performed with a fork of cbm-

69

root, available at https://git.cbm.gsi.de/a.weber/cbmroot/-
/tree/phD _Thesis_analysis , commit 40986898.

The analysis relies on run 831 using a 2°8Pb beam at
1.06 AGeV impinging on a 0.25 mm gold target foil. The
standard trigger windows of the sub-detectors are chosen.
Events are selected by requiring a minimum number of
digis in the various subdetectors: 1 digi in TO, 10 in
mTOF and 5 digis in mRICH. In order to decouple timing
corrections in the mRICH from the analyzed data, a time
correction in between mRICH channels (inner channel
delay (ICD)) is derived on run 836 and applied to run 831.

Figure 2 shows the time difference between the mRICH
and the TO detector after a constant time offset correction
of —310ns was applied. A clear correlation between both
detectors is seen. The time is shifted to a positive value to
improve the event building capabilities. The visible corre-
lation is investigated in all analysed runs and is found to be
constant. A time-slice wise analysis of the correlation con-
firms that no jumps in time between TO and mRICH are
found.
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Figure 2: Time difference between mRICH and TO digis
after time offset correction. The time correlation stays con-
stant over all recorded runs.

The event building is applied on the basis of the time-
slice data. A cut on the time over threshold of the mRICH
hits between 23.7 and 30 ns is applied. The resulting dis-
tribution of the hits in the mRICH detection plane is shown
in Fig. 3, left. A fairly homogeneous hit distribution in the
upper as well as the lower half is visible. The difference in
the total amount of hits between the upper and lower half
is most likely related to the aerogel radiator block. The
block in the lower half of the mRICH is one year older and
less transparent. This difference is also slightly visible in
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Figure 3: Left: distribution of reconstructed mRICH hits in
the detection plane after the application of a ToT cut in re-
constructed CBM events. Right: Positions of the centers of
the reconstructed rings. It seems as the ring finder prefers
a position of the ring center in between two MAPMTs.

Fig. 1, right. Nevertheless the overall distribution reflects
the expectation. Moreover, the individual missing DiRICH
boards are visible in the edges of backplanes.

The distribution in the r.h.s. of Fig. 3 shows the centers of
rings as reconstructed by the ring finder algorithm. The dis-
tribution shows perfectly the separation between the lower
and upper half with a small block of plastic separating the
two aerogel blocks. The positions of the ring center are
most likely in between two MAPMTs and finally lead to
the inhomogeneous accumulation seen in the plane. The
overall position of the enhanced regions matches the results
from previous beamtimes, but is still not understood [2].
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Figure 4: Left: Radii of reconstructed rings in the mRICH

detector after event building and ToT-cut. Right: Number
of hits per reconstructed mRICH ring.

The two main parameters of a ring are the number of
hits in a ring and the radius of the ring. Both are shown in
Fig. 4. The ring radius, after the application of the ToT cut
and the event building, peaks at a value of 3.6 cm. An ad-
ditional small tail down to a radius of 2 cm is visible. The
number of hits per ring peaks around 12 hits. Both distribu-
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Figure 5: Distribution of reconstructed relativistic veloc-
ities 8 of mTOF tracks in different conditions. Red: all
tracks. Green: Tracks, with hits in the mRICH, but no
found ring. Violet: Tracks with a distance to a close ring
smaller 120% of the radius of the ring. Blue: Rings with
a radius between 2.0 and 4.2 cm and a track in a distance
smaller 120% of the radius.

tions agree with expectations and confirm the results from
previous beamtimes (see [2]).

Next to the analysis of mRICH parameters, the mTOF
detector is used for the analysis of spatial correlations. The
use of mTOF tracklets and their extrapolated position in
the mRICH detection plane are part of the spatial correla-
tion analysis. Fig. 5 shows the distribution of the relativistic
velocity g of the tracks under different conditions. The ex-
istence of a ring near the mTOF track leads to an enhance-
ment in the S-spectrum between 0.9 and 1.1. In the low
[-region, only a small fraction of the tracks are assigned to
a ring, demonstrating the strong hadron suppression capa-
bility of the mRICH detector.

A cut in the [-distribution can now be used to improve
the spatial correlations. First, we show in Fig. 6 the cor-
relation between mTOF hits and mRICH hits in X- and
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Figure 6: Spatial correlation between the mTOF and
mRICH hits in X- and Y -direction. Both directions show
a clear correlation. In the X -direction, an additional back-
ground increasing towards the main beamline is visible.
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Figure 7: Spatial correlation between mTOF tracks and
mRICH hits in X - and Y -direction. The mTOF tracks have
a 8 < 0.9 respectively 5 >1.1. Only a very tiny correlation
inY is left.

Y -direction with only a ToT-cut applied. Even in this very
raw distribution, a correlation is clearly visible. In the X-
direction an additional background increasing towards the
beamline is found. In Y -directions the overlapping regions
between individual mTOF modules are also visible.

Figure 7 shows the same distribution with mTOF tracks
instead of hits and with an additional cut on the (-value
of the tracks. Only tracks with § < 0.9 and 5 >1.1 are
accepted. The resulting distribution shows, that only a very
small correlation in Y survives the cut on the velocity and
consequently most of the mRICH hits are correlated to a
track of the mTOF with a § range close to 1. Moreover,
Fig. 7 shows that most of the background in X-direction is
related to the selected beta range.

Finally, Fig. 8 presents the correlation between mTOF
tracks and mRICH ring centers. The mTOF tracks are se-
lected to be in the velocity range 0.9 < § < 1.1 with 3 or
4 hits per track and with a ring reconstructed in mRICH.
The rings are required to have a radius between 2.0 and

[any
o

al

tof track X [cm]
tof track Y [cm]
4

o

A |« SR
-20-100 1020
ring center Y [cm]

-10 0 10 20
ring center X [cm]

Figure 8: Spatial correlation between mTOF tracks and
mRICH ring centers. Only tracks with 8 close to 1 and
with 3 or 4 hits assigned are shown and with reconstructed
mRICH radii between 2.0 and 4.2 cm. A clean correlation
between tracks and rings is seen with enhancements in the
region of preferred ring centers.
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4.2 cm. A clean correlation is seen in this higher level of
correlation between tracks and rings. The inhomogeneous
distribution is related to the clustering of rings center in
between MAPMTs and still a matter of investigation.

Next to the investigation of spatial correlations and basic
detector parameters like ring radii, the timing precision of
the detector has been investigated. As introduced in the
beginning, a correction in between the individual channels
(ICD correction) of the mRICH has been performed.
After five iterations of ICD corrections, the distribution
of the time of hits on a ring relative to the mean ring
time is constant. The resulting time resolution in run
831 is found to be o = 496 ps. This value is worse as
compared to previous measurements, but is influenced by
the performance of the ring finder and the distortions in
this process due to the hits in the center of a ring.

The mRICH detector showed a very reliable perfor-
mance over the full beamtime. Nevertheless an increase
of the rates in mCBM pushed the mRICH phase-I read-
out to its limits. In runs with a thick target and with beam
intensities beyond 2-107 ions/spill, the buffers on the FEE
reached their limits. The limitations of the mRICH detector
are mostly due to the readout intervals and the limited data
size of UDP packages. A change to the phase-II readout
with new features in the data readout and no limitation by
UDP packet sizes will open new capabilities in higher rates.
A test with a changed setup in phase-I already confirmed
the potential improvement. Nevertheless, the main limita-
tion of the mRICH detector is the increased radiation with
higher interaction rates. The FEE suffers from the opera-
tion in acceptance with rates above approx. 1-10% ions/spill.

The analysis of the mRICH data of the mCBM beam-
time in 2020 with the phase-I readout concept and a fully
equipped mRICH detector shows a great performance of
the detector. The velocity distribution demonstrates for the
first time the strong hadron suppression capabilities of the
RICH detector. Also, the time and spatial correlations on
different levels of the detector data confirm the functional-
ity of the readout concept and pave the way towards a CRI
based detector readout in mCBM phase-II.
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A new lab setup for studying DiRICH and PMT properties

P. Subramani', C. Pauly', J. Fortsch', D. Pfeifer', and K.-H. Kampert'

'Bergische Universitit Wuppertal, Germany

A new DIRICH test setup has been prepared in the Wup-
pertal lab to complete the characterization and performance
study of the DIRICH frontend readout electronics in fur-
ther detail with special emphasis on high count rate condi-
tions. The setup is based on the former COSY prototype
box [1] and allows to read out several MAPMTSs simul-
taneously using a fully equipped DIRICH readout mod-
ule with up to 6 MAPMTs and up to 12 DIRICH fron-
tend cards. A low-current DC powered LED is used to
illuminate the MAPMTs homogeneously and to simulate
large background rates, where at the same time a pico-
second pulsed laser will be used to project a ring-shaped
pattern of photons onto the MAPMTs (very similar to a
Cherenkov ring) with adjustable photon yield (0-30 pho-
tons/pulse). This will eventually allow to study the ring
reconstruction performance as function of PMT occupancy
and overall data rate, and to tune the optimal readout pa-
rameters.

In a first commissioning measurement, this setup was
used to re-evaluate the neighbouring-channel charge-
sharing cross talk of the H12700 MAPMTs (8 x 8 pixels)
in comparison to its predecessor H8500. This cross talk
is caused by parts of the electron avalanche leaking into
neighbouring pixels and causing a signal above threshold.
A similar study has been done already in the past [2] using
CERN testbeam data, but using different (nXYter based)
readout electronics and slow signal shaping. The new re-
sults presented here are based on the exact same DIRICH
readout as used in the later CBM RICH detector and allow
now to quantify the amount of cross talk (to be included
in Monte Carlo simulations), and to study the influence of
DIRICH-specific readout parameters, as for example the
applied threshold value.

Measurement principle

The measurement presented here is based on the illumi-
nation of the MAPMT with short pulses (~ 5ns) of 2-4
detected photons on the MAPMT per pulse. A reference
signal from the pulse generator is fed into the data and
used to select “good” hits based on a time cut around the
prompt peak. The charge sharing cross talk into a neigh-
boring channel is than estimated as follows:

e Only events with two simultaneous “good” hits on the
MAPMT are selected (characterized by a relative time
difference between reference pulse and PMT signal of
less than 10ns, and a ToT (Time over Threshold) >
3ns).
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The distance between the positions of the two hits
(counted in number of pixel) is histogrammed.

The obtained 1D distance distribution is compared to
a simple Monta Carlo simulation where two hits are
randomly thrown on the MAPMT.

In the simulation, each pair-event is weighted accord-
ing to the product of the total number of detected
hits of both participating pixels in the measurement
in order to correct for efficiency variations or a non-
uniform illumination of the MAPMT which might dis-
tort the statistical distribution of measured distances in
data.

The simulated distance distribution is scaled to the
measurement such that optimal agreement for all dis-
tances d > 2 is achieved. Any excess yield of mea-
sured distances d = 1 can now be contributed to the
charge-sharing cross talk.

Finally, the relative cross talk contribution is quanti-
fied using the following formula:

Ndata,d:l - Ns
Nsim,all

Ferosstaik = im,d=1 x 100% (1)

Where Ngqtq,d4=1 and Ng;m_ q—1 are the number of en-
tries in data and simulation histograms corresponding
to distance d = 1. Ngim qu is the total number of
simulated pair events.

The same procedure is repeated for four different
PMTs and for five different threshold values.

Results and Discussions

The preliminary results of the first measurement are
shown in Fig. 1.

The measured distance distribution matches very well
the simulation results, with the only sizable difference be-
ing observed in the first bin corresponding to the cross talk
into neighbouring channels. The H8500 MAPMT (Fig. 1
top) shows a sizable amount of cross talk which is much
reduced in case of the H12700 MAPMT (Fig. 1 bottom).

Results for measurements on 4 different MAPMTSs (2x
HS8500 and 2x H12700) are summarized in Fig. 2, with rel-
ative cross talk being plotted as function of DIRICH thresh-
old value (threshold after pre-amplification).

The observed cross talk for H8500 MAPMTs is in the or-
der of 10-15 %, which is in good agreement with the earlier
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Figure 2: Estimation of neighboring channel charge shar-
ing cross talk

measurements. In contrast, the cross talk for both H12700
MAPMTs is only in the order of 1-2%. This has already
been expected based on the MAPMT series testing results,
but could now be confirmed with the full DIRICH readout
chain.

As a second interesting result, the cross talk contribu-
tion seems not to depend on the applied readout thresh-
old. This comes as bit of a surprise, since the total amount
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of charge generated by a photon is fixed, and sharing this
charge over two channels should result in a reduced signal
amplitude and thus reduced charge sharing contribution at
higher threshold values. However, the range of threshold
values covered in this study resembles realistic threshold
values as would be used in the real experiment. All studied
thresholds are still well below the average single photon
signal, in the order of 10 % to 20 % of the typical single
photon charge. The expected reduction of charge sharing
would probably be observed at much higher threshold val-
ues only.

Outlook

The new lab setup has been taken into operation and now
allows for different dedicated test measurements in partic-
ular on the high rate behavior of MAPMT and DIRICH
readout, complementing the ongoing performance study of
the DIRICH readout chain in the HADES RICH detector
which already proved the large potential of the new read-
out electronics.

We will now continue with commissioning the laser-
based ring image source. This will allow to study quan-
titatively in addition the effect of cross talk caused by ca-
pacitive coupling between common last dynode and anode
pads on the MAPMT, which only occurs for large MAPMT
hit occupancies.

These measurements will be essential for the upcoming
production readiness review of the CBM RICH DIRICH
readout electronics scheduled for Mai 2021.
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RICH simulations using GEANT3 and GEANT4
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In this report, results of RICH simulations using
GEANT?3 and GEANT4 as transport engines are compared.
The first simulation results using GEANT4 showed that the
RICH detector simulation has problems, no photons were
registered on the PMT planes. It was found that the current
implementation of the mirror optical properties, namely,
mirror reflectivity, works only for GEANT3 but not for
GEANT4. Therefore, photons were not reflected properly
by the mirrors. Several approaches of the mirror reflec-
tivity implementation were implemented and tested. The
finally selected one uses the GEANT4 mechanisms of the
setting of optical properties. It consists of 3 main steps: 1)
definition of the optical surface, 2) setting the reflectivity
for this optical surface, 3) setting the skin surface for the
mirror volume. The mirror reflectivity in dependence on
photon energy (see left plot of Figure 1) is defined inside
the CbmRich class, whereas for the old GEANT3 imple-
mentation it was done in the media.geo file. The new im-
plementation works only for GEANT4 and does not work
for GEANTS3, thus one has to keep the old implementation
as well for backward compatibility. In the Cbm Rich class
one of the implementations is chosen based on the used
transport engine.
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Figure 1: Mirror reflectivity in dependence on photon en-
ergy as it is implemented in cbmroot.

After fixing this, a new problem was observed. The num-
ber of MC points in RICH were comparable for GEANT3
and GEANT4 simulations but the number of RICH hits
were 40% less for the GEANT4 simulation. It was found
that a kind of a boundary problem exists: some coordinates
of MC RICH points are not registered inside the deepest
pmt_pixel node but several levels higher in the hierarchy.
The reason of such GEANT4 behavior is not clear but it
was fixed using a small shift of the z-coordinate.

Results of the comparison are presented in Figure 2. The
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main observation is that the photon energy distributions
after photon reflection from the mirrors are different for
GEANT3 and GEANT4 simulations but they are almost
the same before reflection. The photon energy distribu-
tion after photon reflection for the GEANT4 simulation
matches the reflectivity curve (Figure 1, left) which indi-
cates that the reflectivity values are properly taken into ac-
count. However, for the GEANT3 simulation the photon
energy spectra were constantly increasing and it could in-
dicate that there are problems with the mirror reflectivity
implementation in GEANTS3.

Comparing the number of MC points and hits per elec-
tron ring in the RICH, one observes the following: The
mean number of MC points for GEANT3 is 229, for
GEANT4 it equals to 230. The mean number of hits are
32.5 and 32.9 for GEANT3 and GEANT4, respectively.
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Figure 2: Photon energy spectra at different steps in the
simulation. Top-left: Sensitive plane, before photon reflec-
tion (Z+). Top-right: sensitive plane, after photon reflec-
tion (Z-). Bottom-left: MC RICH points on PMT plane.
Bottom-right: RICH hits. See also right plot of Figure 1.

Summary. The simulation of the RICH detector works
with GEANT4. The results of simulations using GEANT3
and GEANT4 showed similar number of points and hits in
RICH but different photon energy spectra.



CBM Progress Report 2020

Ring Imaging Cherenkov Detector

Investigation on impact of higher material budget in STS on LMVM

C. Feier-Riesen', S. Lebedev?, and C. Hohne'?

!Justus-Liebig-Universitit GieBen, Germany; 2GSI, Darmstadt, Germany

During the development of the STS detector its mate-
rial budget was significantly increased by taking into ac-
count holding structures, electronics, cooling, and more.
This increase in material budget lead to large increase of
secondary electrons in the RICH detector. For illustration,
Fig. 1 shows the vertices of photon conversions comparing
the STS versions v16g and v19a. In general, about 35%
more hits are seen in the RICH detector due to the increased
STS material budget.

To investigate if and how much this change affects the
LMVM studies, two full chain simulations with 5 million
events each were performed with the STS versions v16g
and v19a. The sis100_electron geometry had been used
here with a Au+Au collision energy of 8 AGeV (detec-
tor versions: MVD v17a_tr; RICH v17a_le; TRD v17n_le;
ToF v16e_le).

2100 o 3 s
10" & 10'8
& 8
mclL]] £ £
Op={ft ' <} o
LT lm o o
107 _ 107
-100 B -100 !
i -3 i -3
0 50 100 150 10 0 50 100 150 10
Z [cm] Z[cml

Figure 1: Vertices of photon conversions in the STS for
both the v16g (left) and v19a STS versions (right), shown
in the y-z-plane.

Tracking efficiency and electron identification efficiency
are more or less unaffected, however the pion suppression
decreases in the RICH by 30%. This is because the ad-
ditional secondary electrons usually do not have a recon-
structed track and thus can by chance be matched to the
frequent pion tracks. As shown in Fig. 2, the electron iden-
tification efficiency decreased from 70.7 % to 69 %, with
STS, RICH, TRD and ToF included. However, the pion
suppression decreases by approximately 18 % considering
the RICH, the TRD and the ToF detector.

Fig. 3 shows the final invariant mass spectra. Still, the
signal-to-background ratio did not yet deteriorate a lot due
to the high combined pion suppression power of RICH and
TRD. However, at some point this will break down, so that
every additional material budget in STS has to be chosen
carefully.
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Figure 2: Pion suppression (top) and electron identification
efficiency (bottom) for the STS v16g (left) and v19a (right)
versions.
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Figure 3: Invariant mass spectra of 5 M events after elec-
tron identification for the STS version v16g (left) and v19a
(right), central Au+Au collisions at 8 AGeV beam energy.
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v16g (left) and v19a (right).
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Muon Chambers (MuCh) for the Compressed Baryonic Matter (CBM)
experiment at FAIR: a status report

S. Chattopadhyay
VECC, Kolkata, India

The development activities of various subsystems of the
Muon Chamber (MuCh) system of CBM are in very cru-
cial phases and continued in full swing even during the
pandemic period. During this year major emphases were
on (a) mini-MUCH data taking and analysis (b) review of
the CDR of the Low Voltage distribution system and (c) re-
view of the CDR of the MUCH mechanical system mainly
on the system related to the superstructure and concepts on
absorber, platform among others (d) development of pro-
duction infrastructure like a dedicated clean-room at VECC
for production of GEM chambers (€) fabrication of the 15¢
chamber of the 2"¢ GEM station (f) detailed simulation on
the effects of tolerances and of the realistic material profiles
and properties of the mechanical structure (g) completion
of the fabrication of the LDOs for CBM and (h) elaborate
R&D on the RPC detector. Some details of the activities are
given below in addition to the contributions in the MUCH
section of this report.

e The PNPI and VECC teams have participated in an ex-
tensive review of the CDR on MUCH superstructure
in presence of several experts. The superstructure,
layout and steps of fabrication of different absorbers
and the movement system of the platform were pre-
sented. There were discussions on various safety as-
pects including the possible effect of earthquake on
the structure. The discussions led to a major modifi-
cations in both the 15% absorber layout and the orienta-
tion of the cryostat of the CBM magnet. The platform
has been divided into two parts, the short platform
contains the 1°¢ to 4** absorbers and arrangements
for mounting of the detectors in the stations. The 15!
absorber will consist of a combination of low-density
graphite and concrete blocks and rest of the absorbers
are made of iron. The 5 absorber of 1 m thickness
will sit on a separate platform with a separate transport
arrangements. The movement of the platform during
RICH and MUCH modes of operations will be per-
formed using a hydraulic system. An extensive dis-
cussion took place on the service (HV, LV, gas, water,
fibre) arrangements. Subsequently, the team at VECC
has prepared the first draft of the service lines as will
be taken from the MUCH-RICH platform to the top
of the superstructure. Similar reviews will take place
soon on the gas system of MUCH detectors.

During the period, two real-size GEM chambers have
taken data in mCBM during May-June 2020, i.e. dur-
ing the lockdown period. Indian team joined the data
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taking remotely and analysed the data towards ex-
traction of efficiency and correlation with other de-
tectors like TOF, TO. One issue that came up for
mMUCH during data taking is the disconnection of
link of the FEBs with AFCK during high rate data
taking at high voltage. Extensive investigations have
since been done in the lab to understand the reason for
such a link break. Investigations in the lab reveals that
the possible cause is the shorter than required physi-
cal gap between opto-couplers used in the high volt-
age circuit. It is planned to test the observations in
the next mMUCH campaign. In the analysis, it has
been shown that the TOF tracks projected on the GEM
planes can be used to find efficiency in detection of
cosmic muons of the GEM chambers. The variation
of the response with the available high intensity data
have also been analysed.

After the initial understanding of the response of the
RPC detector at the GIF++ muon beams in presence of
photon flux, we have procured two chambers of size
suitable for the 3" station and changes in the elec-
trode and chamber parameters have been made for the
chamber to be suitable towards high rate operation.
One chamber has been tested with cosmic rays and
have been found to give > 90% efficiency. This cham-
ber is planned to be installed in the mCBM in the next
run for testing at high rate.

Several major milestones have been reached on the
readout electronics front like (a) LDOs have been
fabricated by SCL-Chandigarh, India and shipped to
GSI for use in the readout boards of STS and MUCH
(b) design of the FEB board has been completed and
the first few boards have been fabricated and under
tests now (c) the CDR of the Low Voltage Distribu-
tion Board (LVDB) has been completed for a sys-
tem with FPGA-based control (d) extensive tests have
been done on optimization of the calibration time of
the STS-XYTER ASIC.

During the year 2021-22, several MUCH reviews are in
line on GEM, RPC, gas and HV systems and we hope that
we will end up with a robust MUCH detector system suit-
able for production.
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Implementation and performance simulation of realistic design of the GEM
chambers for the first two stations of MuCh

O. Singh!, S. Chatterjee®, P. P. Bhaduri®, and S. Chattopadhyay?

! Aligarh Muslim University, Aligarh, India; *Department of Physics, Bose Institute, Kolkata, India; 3Variable Energy
Cyclotron Centre, Kolkata, India

Gas Electron Multiplier (GEM) detectors are placed in
the 157 two stations of Muon Chamber (MuCh) detector
system due to the foreseen high particle densities. Based on
detector R&D it has been decided that these GEM cham-
bers will be operated with Ar/CO, gas mixture in 70:30
volume ratio. The drift gap of the chambers will be of
3 mm thickness, the transfer and induction gaps will be
of 2 mm thick. In MuCh simulations performed within
conventional CbmRoot framework, [1, 2], the Aluminium
cooling plate of 1 cm thickness, 35 pum Copper for drift
and readout plane, G-10 plane of thickness 3 mm for read-
out PCB and only the 3 mm drift gap is implemented as
a part of the active volume filled with pure Ar gas as the
active medium for registering the spatial location of the en-
ergy deposition by the incident ionizing radiation inside the
active gas volume. The subsequent generation of primary
electrons and their amplification is implemented in the dig-
itization of the Monte Carlo (MC) MuCh points. To make
the simulation more realistic with minimal change in the
existing framework, passive volumes (of 6 mm thickness)
are implemented in the simulation and the gas mixture is
changed from Ar to Ar/CO; in 70:30 volume ratio. The
effect of PCB and drift planes are investigated earlier and
reported in ref [1]. In Fig. 1, the detail configuration of a
GEM chamber is shown. In order to check the efficacy
of our existing model of detector simulation, these finer
aspects of chamber design have been implemented in our
simulation and the effects of each modification are investi-
gated independently, on di-muon detection.

Active

Volume(3mm) Cu(65 W)

G10(3mm)

s A1 C0,(3 01 20
— K apton (50 1)
— Frame(3mm)

— Cu(5 1)
Passive

Gas(2mm)

Read Out

Figure 1: Schematic view the layers of a GEM module.
The materials used in the geometry is listed in the legend.

The implementation of Ar/CO5 gas mixture in 70:30 vol-
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ume ratio is done by changing the media definition ac-
cordingly. The gas mixture can be implemented by con-
sidering the proportion of the weight (ncomp>0) of each
material in the mixture or by considering the number of
atoms (ncomp<0) of each kind in the mixture. With the
ncomp> (0 mixing configuration since Argon has a lower
density than COsq, hence 70% volume of Ar will only ac-
count for about 67.8% of the mass. For the remaining
32.2%, though the ratio of the number of atoms is (O:C) 2:1
but as Oxygen atoms are heavier, they account for 72.8%
of the mass of the CO5, 27.2% of the mass of the Carbon
and the proportion becomes Ar:C:O = 0.678:0.088:0.234.
With the ncomp<0 mixing configuration, the proportion
becomes Ar:C:O = 7:3:6. The radial distribution of the
MuCh points with different gas mixture configurations for
the first two stations are shown in Fig. 2. As evident, there
is no significant change in point density as compared to
pure Argon gas. Also, no significant change is observed in
the reconstruction performance with the change of the gas
from Ar to Ar/CO5 mixture.
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Figure 2: Radial distribution of point density for primary
(left) and secondary (right) particles at the first station (top
panel) and the second station (bottom panel) with different
gas mixtures and gas mixture configurations.

As stated earlier, only the drift volume of the GEM was
implemented as an active medium of thickness 3 mm but
the actual triple GEM configuration will consist of two
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Figure 3: Radial distribution of point density for primary
(left) and secondary (right) particles at the first station (top
panel) and the second station (bottom panel) for two differ-
ent GEM geometry configurations.

2 mm thick transfer gaps and one 2 mm thick induction
gap. Therefore to make the GEM configuration more re-
alistic, three 2 mm passive gas volumes are implemented
in the chamber design. The configuration without pas-
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Figure 4: Invariant mass spectra for the combinatorial

background for the two different GEM configurations.

sive volume and with only Ar gas is labelled as Configu-
ration I. The other configuration with the passive volumes
and Ar/CO, gas mixtures is labelled as Configuration II.
After the implementation of 6 mm passive gas volumes
and Ar/CO, gas mixture, the MC point density is calcu-
lated and compared with the previous version (without the
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Figure 5: Invariant mass spectra for reconstructed w meson
in central Au+Au collision at 8A GeV for Configuration 1
(Top panel) and Configuration Il (Bottom panel)

passive volume and only with Ar gas). The comparison of
point densities at the first two stations of MuCh is shown in
Fig. 3. No significant change in the MC points is observed.
To check the effect of passive volume and gas mixture on
reconstruction and resulting physics performance, the in-
variant mass distribution is calculated for the detection of
w mesons in 8 AGeV central Au+Au collisions. The in-
variant mass distribution for the combinatorial background
is shown in Fig. 4 and in Fig. 5, the invariant mass distri-
bution of w meson is shown. No significant change in the
w reconstruction efficiency and signal to background ratio
is observed after the implementation of passive volume of
thickness 6 mm and Ar/CO4 gas mixture in 70/30 ratio.

An internal note containing a more detailed description
of this work is under review and will be communicated
shortly.
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Detailed crosstalk study of a prototype Bakelite RPC for the 3" and 4"
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Introduction

A prototype single gap ( gap size 2 mm ) Resistive plate
chamber (RPC) has been tested at the GIF++ test beam
for the 37% and 4*" stations of CBM-MuCh. The cham-
ber is made of bakelite plates (area 30 x 30 cm?) of bulk
resistivity (3.5 x 101 ©-cm) and inside of those plates are
double-layered linseed oil-coated. The detector has shown
promising results at the GIF++ test beam using a front-
end readout electronics MuCh-XYTER 2.0 [1]. GIF++ re-
sults indicated larger cluster size i.e., higher crosstalk be-
tween strips. Large cluster size could be the result from
two sources, i.e., large avalanche size or crosstalk between
readout strips/pads [2]. Our main aim in this report is to de-
termine the reason of large cluster size values. This work
is in the continuation of the crosstalk results reported in the
last CBM progress report. On the last reported results, we
have seen that higher the percentage of SFg, larger is the
crosstalk because of the high applied voltage. Also, pre-
liminary results have shown the cluster size doesn’t depend
on the size of the readout strips/pads on the PCB, rather the
total number of read out strips/pads remain constant for the
same gas mixture ratio as well as the same application high
voltage [2]. In this study, we have decreased the SFs per-
centage and repeated the study with two different percent-
ages of SFg. Also, we have studied the cluster size with
three different sizes of readout units like the old report.

Experiental Setup

A cosmic ray bench (Fig.1) has been setup to test the
detector. Three scintillator detectors have been used as
3F-coincidence for triggering purpose. The dimensions of
the scintillators are 3.0 cm x 3.0 cm, 7.0 cmx 1.5 cm and,
1.5 cm x 1.0 cm. The trigger area has been confined to
a small area to accurately determine the number of pads
getting hit due to crosstalk. A mixture of gases with two
different ratios, Gas I : R134a: iC4Ho : SFg :: 95.0: 4.5
: 0.5 and, Gas II : R134a: iC4Hy : SFg :: 94.0: 5.0 :
1.0 have been used for testing the detector. Three readout
PCBs have been used individually for signal processing.

PCB P1: A 10 cm x 10 cm readout panel with no
ground plane consisting of pads of dimensions 4 mm x 4
mm.

PCB P2: A 30 cm x 30 cm PCB with a pad size (2.8 cm
x 2.8 cm) with no ground plane,

*m.mondal @vecc.gov.in
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PCB P3: A strip readout PCB of 30 cm x 30 cm size
covered by 2 mm wide long strips [2].

Figure 1: Setup of RPC with the finger scintillator and PCB
P1.

To reduce the system noise and accquring data via
MuCh-XYTER 2.1 at a lower threshold, several precau-
tions have been adopted, like the introduction of a low
pass filter between the HV module and RPC, placement
of the detector inside a copper box, a common grounding
scheme between the PCB, electronics, shielding box, HV
connection[2]. A dedicated number of FEBs have been
used for data taking from RPC, and the trigger scintilla-
tor. The data were accquired at a MuCh-XYTER threshold
of 12 fC in a controlled lab environment.

Experimental Results

Results with Gas 1 (0.5 % SFg)

We have obtained a time correlation peak between the
scintillator trigger and the RPC detector at 9.8 kV with
PCB P1 shown in Fig. 2. We have calculated that the cos-
mic muon detection efficiency of the prototype is ~ 88 %
at 9.8 kV from the time correlation spectra. At this voltage,
the cluster size of RPC is ~ 12, i.e., 12 pads have been hit
when a cosmic muon falls on the detector. The projection
of the pad distribution in a single axis shows a cluster size
of ~ 3.8 (# of pads),i.e, ~ 1.6 cm in one direction. We
can conclude that the cluster size is confined within a max-
imum of 2.0 cm x 2.0 cm region. This result is in proper
agreement with the ALICE results where the cluster size
(in terms of cm) with 1 cm strip size was 2.0 cm [3].
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Figure 2: Time correlation spectra between the scintillator ~RPC in PCB 2 at 9.8 kV.

trigger and the RPC data at 9.8 kV with PCB P1.

The prototype RPC alongwith PCB 2 has also shown
promising results. Fig. 3 shows the two-dimensional rep-
resentation of pads. The pad corresponding to the yellow
region refers to the triggered area. Unfortunately the pads
pinpointed as ‘D’ mark are dead MuCh-XYTER channels.
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Figure 3: Distribution of Pads in PCB 2 at 9.8 kV.
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Figure 4: Cluster size distribution along row-wise in RPC
in PCB 2 at 9.8 kV.

The cluster size distribution along row-wise and column-
wise have been shown in Fig. 4 and Fig. 5 respectively.
The measured cluster size with 2.8 cm x 2.8 cm pad is 6.0
cm which is in close agreement with the ALICE RPC clus-
ter size result ,i.e, 4.8 cm of 4.0 cm strip width [3]. The
comparison of cluster sizes have been presented in a tabu-
lar form in Fig. 6.
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Our Prototype RPC Results

ALICE RPC Results

4 mm x 4 mm Pad

2.8 cm x 2.8 cm Pad
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2-D Cluster Size
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4.8 cm

2.0 cm x 2.0 cm ~1.6 cm 8.4cm x 8.4 cm ~6.0 cm

Figure 6: Comparison of cluster size results. Our data were
taken at 9.8 kV with ~ 88 % efficiency without the dead
area correction.

We have achieved 85 % efficiency for the detector with
PCB P3 at 10 kV with an average cluster size 9. Crosstalk
has been confined to a 1.8 cm area horizonatlly.

Results with Gas II (1.0 % SFg)

The detector has been operated with a gas mixture con-
taining 1 % SFg with PCB P1 and P3. The threshold values
at MuCh-XYTER have been kept 12 fC and 16 fC respec-
tively for P1 and P3. The detector achieved 92 % efficiecny
at 9.9 kV with PCB P1, with a cluster size 16 (# of pads).
For P3, it has achieved 86.8 % efficiency at 10.1 kV with a
cluster size 8.5. In both the cases, horizontal spread of the
cluster size is almost the same, ~ 1.8 cm.

Conclusions

The present results show that the cluster size is in good
agreement with the ALICE results. By comparing the re-
sults with pad PCBs with 0.5 % of SFg, we can see that
cluster size is dependent upon the size of the pads. For big-
ger pad size, cluster size is less, and for smaller pad size,
cluster size is high. The strip result doesn’t quite matches
with the statement though. We need to further investigate
the results.
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Development of front-end chip with interpolation technique for signal peak
detection

E. Atkin, A. Serazetdinov, and V. Shumikhin
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The prototype front-end ASIC for MUCH GEM detec-
tors is under development at NRNU MEPhHI. ASIC con-
tains 8 analog channels, each followed by ADC, an inter-
polator and high speed SLVS interface. The analog chan-
nels work with both signal polarities and have a 100 fC
dynamic range. ENC equals to 1000 el. at 50 pF detec-
tor capacitance. ADC has a 10-bit resolution at 25 MHz
sampling rate. Both analog channels and ADCs have dif-
ferential structure. The key feature of the ASIC is a built-
in interpolator, which determines a signal peak value and
timestamp.

3 8 analog o
chanmels ] Interpolator =>{  Serializer
Slow control PLL SLVS >

Figure 1: ASIC structure

The interpolator uses the 6-th order Lagrange interpola-
tion polynomial. The data coming from the ADC to the
interpolator are synchronized and written to a 6-word ring
buffer. If the data matches the signal amplitude ratio pat-
tern: PTS[0] < PTS[1] < PTS[2] > PTS[3] > PTS[4] >
PTS[5], where PTSJi] is the ADC counts, the interpolator
calculates the values at intermediate points, between sam-
ples PTS [1] and PTS [3]. The values are calculated at
three additional intermediate points between adjacent sam-
ples. This increases the actual sampling rate of the ADC by
4 times. The values at intermediate points are calculated in
the cycle. The calculated value is compared with the pre-
vious maximum, and in case the current value is less than
the previous one, the maximum is fixed, and the interpola-
tor working cycle is stopped. Figure 2 shows the output of
the shaper of the analog channel (ADC input). Interpolated
values are depicted by red filled circles between the ADC
samples. The errors of peak detection for digital peak de-
tector (conventional approach) and interpolator versus the
delay between ADC maximum sample and peak time are
shown on Figure 3 [1-2].

In the designed ASIC the interpolator improves the res-
olution of the system from 10 bit of ADC to 12 bit. An
additional function of the interpolator is to determine the
time stamp of the signal maximum. The power consump-
tion of the interpolator is 4 mW (32 mW for all 8 channels),
the analog channels plus ADCs is within 40 mW, 10 SLVS
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Figure 3: Errors vs signal delay

transmitters add 42 mW. Front-end ASIC has been proto-
typed in UMC 180 MMREF process in the mid of 2020. Cur-
rently the prototyped chips are under tests at lab conditions.

This work was supported by Grant No. 18-79-10259 of
the Russian Science Foundation.
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Dynamic range scanning of STS/MUCH-XYTER v2.1 for use with MUCH
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Introduction

As reported earlier, STS/MUCH-XYTER ASIC is a dual
gain ASIC designed to be used for CBM-STS as well as
CBM-MUCH detector systems. The CBM-MUCH detec-
tor system consists of four stations and out of these four sta-
tions, first two stations will be using the Gas Electron Mul-
tiplier (GEM) detector while last two detector will be using
low resistivity bakelite Resistive Plate Chamber (RPC) de-
tectors. These two detectors have different characteristics
in terms of gain as well as design. Due to this, the dynamic
range requirement also varies along with other tuning pa-
rameters. Initially the ASIC was designed considering the
GEM detectors only which requires the dynamic range of
60 fC but after introduction of RPC, the requirement of
the dynamic range increased 3 fold to contain the Mini-
mum Jonizing Particle(MIP) energy range of the detector
at its operating gain mode. To achieve this requirement, a
detailed scanning of the bias parameters has been done at
VECC which is presented here.

Test Bench setup

To perform the study, a setup was prepared at VECC
using STS/MUCH-XYTER 2.1 Front End Board (FEB).
The picture of the setup can be seen in Figure 1. All the
channels of the FEB were injected using a charge injector
driven by a pulse generator. The charge injector is a spe-
cially designed circuit which consists of a 64 number of 1
pf capacitors, a lemo connector for the voltage input and
68-pin 1.27mm pitch dual row ERNI connector which is
mating to the FEB connector. This connector is used to in-
ject charge to the 64 channels of the FEB. Two such charge
injectors are required to inject the charge to all 128 chan-
nels of FEB. The 50 ohm terminator is used at the end of
the line of the two connectors to avoid the reflections in
the voltage input. The picture of the charge injector can be
seen in figure 2. For the pulse generation, Keysight 33600A
waveform generator was used. This device was controlled
with the python scripts so as to incorporate the flexibility
of tuning the parameters within the bias scanning python
scripts of the main code. This waveform generator can be
tuned in steps as low as 1 mV which converts to 1 fc charge
injection with a 1 pf capacitor.
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Figure 1: Bias scanning setup of STS/MUCH-XYTER 2.1
Front End Electronics Board at VECC

Figure 2: Charge injector designed for CBM-MUCH Front
End Board

VrefN and VrefP bias scanning for dynamic
range

The MUCH mode which is the low gain mode of the
ASIC was used for scanning the ASIC for use with the
bias parameter VrefN and VerfP which control the dynamic
range of the flash ADC. With these parameters, the dy-
namic range of the ADC can either be increased or de-
creased depending on the requirement. VrefN as well as
VrefP are controlled by a 6-bit Digital to Analog converter
(DAC) circuitry. Thus there are about 4096 possible com-
bination possible to be verified for at least first and last dis-
criminator of a particular channel of the FEB. There are
128 channels in the FEB and as the channels also have dif-
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ference in their characteristics among each other, this will
be alot of effort to complete the task. Thus for the first hand
study to get the basic idea, only two good working channels
of the FEB were selected for this scanning purpose. To
start the scan, VrefN was set to 0 and VrefP was scanned
from 0-63 in step. In each step, fixed number of pulses
were injected via charge injector circuitry and charge was
increased in the steps. The changing point where we see
less number of pulse at lower step of pulse height and full
number of pulses in higher height is considered as transi-
tion point for the given bias VrefP and VrefN settings. This
is done for lowest and highest discriminator of the ADC
channel. The trim values also play a role in the threshold
setting. These observations were repeated for lower trim
value, a mid trim value as well as higher trim settings for
both the discriminator. After one set of scanning of VrefP
is completed at VrefN = 0 setting, VrefN is increased to 1
and the scanning is repeated. The process continues till the
full scanning of both VrefN and VrefP at three settings of
the trim values for both lowest and highest discriminator
of the ADC. The process took about 6 hours to finish one
scan of the two channels. The final scanning plot can be
seen in figure 3 where six layers represent six setting values
namely 1) lowest discriminator with trim value 20, 2) low-
est discriminator with trim value 120, 3) lowest discrimina-
tor with trim value 200, 4) highest discriminator with trim
value 20, 5) highest discriminator with trim value 120 and
finally 6) highest discriminator with trim value 200.

Threshold w.r.t VrefN and VrefP

Threshold in 1C

Figure 3: VrefN and VrefP scan with respect to the thresh-
old of lowest and highest discriminator of the flash ADC

Conclusion and future plans

With the above scan data it was observed that the ASIC
can be tuned for the dynamic range of as low as 12 fC to
as high as 200 fc. With this dynamic range, the same ASIC
can be used for the RPC detector for its several test condi-
tions. A more detailed systematic study will be performed
further to see the linearity of the tuning and analysis of the
effect on other channels with the setting derived from two
channels. Later on the study will be used to generalize the
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bias parameter to achieve a particular range.
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Gas Parameters Monitor for GEM Detector

V. S. Negi*, J. Saini, A. K. Dubey, and S. Chattopadhyay
VECC, Kolkata, India

It is very important to look into the gas parameter mon-
itoring when it comes to GEM detectors. Gain parameters
and performance of the gas detectors are depends heavily
on the gas parameters [1]. In this sense, the present pa-
per describes the technical characteristics, test results, and
a concluding application for gas parameter monitoring and
leak detection. The paper presents a FPGA based system
for gas parameter monitoring and leak detection.

Figure 1: Layout of Sensors

As shown in figure 1 total six sensors were mounted on
two different PCBs. PCB1 has been dedicated for Gas pa-
rameter sensing and PCB?2 is for ambiance parameter. Hu-
midity, Pressure and Temperature sensors are mounted on
these PCBs.

ADC digitized the real time signal from the sensors and
fetch that data to the FPGA board, with the preliminary
processing and data segregation. The FPGA then sends that
data to the computer via Ethernet link. Python based scripts
were written to log and plot the data.

As shown in figure 2 PCB-1 was sealed inside the 10 cm
x 10 cm air tight gas chamber for gas parameter sensing.
PCB-2 for ambiance parameter monitoring was placed on
the top of the chamber. Outlet of the detector is connected
to the gas parameter monitoring system via fairly long ty-
gon tube in order to prevent backflow.

Python based socket programs were written followed by
data analysis and plotting script. The ratio of temperature
and pressure (T/P) will give us fair idea about the detector
gain. Leaks can be detected by analyzing the differential
pattern of humidity sensors (Hambiance - Hgas).

As shown in figure 3 so far more than 95 hours data
has been taken without detector in the circuit. Temporary

* vnegi@vecc.gov.in
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spikes are nothings but power hiccups in our lab.

The above scheme has the technical and functional char-
acteristics for monitoring gas parameters and detecting the
hints for the leaks in detector over the substantial period
of time. Nevertheless before exploiting this system for
MUCH we need to test it rigorously with the detector.
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Update on mCBM data analysis of November/December 2019 beamtime
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The large area triple GEM chambers (mMuCh) was
first commissioned in the mCBM experiment in Decem-
ber 2018 beamtime. The results from these tests were re-
ported earlier[1]. Two mMuCh modules were tested in
November/December 2019 beamtime with Ar+Au colli-
sion at 1.7AGeV beam energy[2]. In this report, we present
an update on the results from November/December 2019
data.

The time difference of the GEM signal with the TOF
Digi shows a time-walk behavior as shown in the 2-D dis-
tribution of Figure 1(left). We performed time-walk correc-
tion to the GEM signals. The mean of the time-difference
distribution for each ADC channel was calculated by fitting
the projected distribution with Gaussian, and its variation
with ADC is shown in the middle panel of the same fig-
ure. The polynomial fitting has been done for extracting the
walk correction parameters, and the time-walk corrected
2D distribution of ADC with time difference is shown in
the right of Figure 1.

B Wk Camcten
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Figure 1: Time walk correction of GEM signals. Left:
Time difference between GEMI1 digis with TOF digis
(MRPC Super Module 0) Vs. ADC channel of GEMI.
Middle: Mean position of each y-bin with ADC channel.
Polynomial fitting for walk-correction. Right: Time dif-
ference between GEM1 digis with TOF digis Vs. ADC
channel of GEM1 after time-walk correction.
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Time resolution for each channel/pad of GEM1 was
measured, and 1-D distribution before and after time-walk
correction is shown on the left side of Figure 2. We ob-
served an improvement of 6-7 ns in o after walk correc-
tion. A 2-D map showing uniformity of time resolution of
GEM1 detector is shown in Figure 2 (right). The distribu-
tion is observed to be uniform with a variation of 4-5 ns.

The clustering and local hit reconstruction of GEM sig-
nals were performed after implementing time-walk correc-
tion in the data. The time resolution of the GEM1 hits was
then calculated w.r.t TO Digi. The distribution of the time
difference of GEM1 hits with TO Digi is shown in Figure 3
(left). We found a time resolution of ~16 ns at GEM1 volt-
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Figure 2: Left: Time resolution distribution for each chan-
nel (pad) of GEM1 before and after walk correction. Im-
provement of 6-7 ns in time resolution. Right: 2-D time
resolution map for GEM1. The distribution is relatively
uniform with a maximum variation in sigma of ~5 ns.
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Figure 3: Left: Time difference spectra between GEM1
hits with TO digis after walk correction at GEM voltage of
~1072 V. Right: Variation of time resolution with GEM
voltage. The saturated value is about 15 ns.
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age of ~1072V. Its variation with GEM voltage is shown
on the right side of the same figure. The time resolution
varies only marginally with voltage in our study range, and
it saturates at ~15 ns.

Event building was carried out by combining all digis in
a fixed time interval of 200 ns with selection criteria of hav-
ing a minimum of 1 TO and 6 TOF counts. The number of
reconstructed events in a TS depends on the TO Digi, which
is related to the beam intensity. The variation of the number
of TO Digi vs. TS number is shown at the bottom of Fig-
ure 4 (left). The ratio of the number of reconstructed events
with the number of TO Digi in TS will provide information
about the average number of collisions. This is shown on
the top of the same figure. The 1-D projection of the ratio
plot is shown on the right side of Figure 4. The mean of this
distribution, extracted from the Gaussian fitting, comes out
to be ~0.08. The theoretically calculated nuclear interac-
tion length for Au target of thickness 2.5 mm is ~31.8 mm.
The cross-section (o) was obtained by running UrQMD for
Ar+Au at 1.7 AGeV. The percentage interaction is equal to
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Figure 4: Percentage interaction measurement. Left: The
variation of TO digis/TS with TS (bottom) and the ratio of
the number of events/TS with number TO digis/TS (top).
Right: The projection of ratio plot. The mean of this ratio
tells about the percentage interaction.

(2.5/31.8) x 100.0 = 7.8 %. The theoretical value matches
very well with that measured from the data.
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Figure 5: x? distribution for tracks constructed using triple
stack TOF and GEM1
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Figure 6: Tracks reconstructed using triple stack TOF and
GEMI. Left: Extrapolated X-Y coordinates at the vertex.

Right: Residual distribution in X (cm) and Y (cm) at vertex.
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Using the hits registered on the different detector planes
within the reconstructed events, we investigate the spatial
correlation and track reconstruction. The spatial correla-
tion between GEMs and between GEM-TOF is described
in[2]. A straight line track-fitting has been carried out us-
ing hits on the TOF planes and on the GEM detectors.
First, we construct a track using hits in the three planes
of TOF and extrapolate it to the z=0 plane (vertex). The
distribution of the extrapolated coordinates in X and Y at
the origin showed shifts from (0,0), indicating the detec-
tors’ misalignment. A shift of ~8 cm in X and ~1.5 cm
in Y were observed. Similarly, we reconstructed tracks us-
ing the three TOF planes and the origin and extrapolated

88

CBM Progress Report 2020

these to the GEM planes. We observed a shift of ~2.9 cm
in X and ~6 cm in Y for the GEM detectors. Plugging
in these spatial offset values, we implement corresponding
translations in TOF and GEM hit coordinates and redo the
tracking. The 2 distribution of the tracks using TOF and
GEMI1 after misalignment implementation is shown in Fig-
ure 5. The extrapolated X-Y distribution at z=0 plane, cen-
tering at (0,0), thus validating the offset correction proce-
dure, shown in Figure 6 (left). The residuals in X (cm) and
Y (cm) at z=0 plane with o, = ~1.5cmand o, = ~2 cm is
shown in Figure 6 (right).
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Figure 7: Tracks reconstructed using triple stack TOF and
vertex (z=0). Left: Distribution of shortest distance be-
tween actual hits with extrapolated hits. Right: Track resid-

ual distribution in X (cm) and Y (cm) at GEM1.

After this misalignment exercise, the tracks were then
constructed using TOF planes and vertex (z=0) to measure
the track resolution at the GEM plane. The distance be-
tween extrapolated hits with the nearest hits on the GEM
plane is calculated, and the distribution is shown in Figure 7
(left). Most of the hits are separated by less than ~5 cm.
The residuals or the distribution of the difference between
the extrapolated coordinates and the actual hit-coordinates
in X (cm) and Y (cm) on the GEM1 plane, is shown in
Figure 7 (right). The distribution peaks around zero as
expected and have a sigma of 0.92 cm and 1.3 cm in X
and Y, respectively, thus giving us an estimate of the de-
tector’s overall average spatial resolution. Since the gran-
ularity changes from small to large, we divided the en-
tire area into three different regions, indicated as “small”
(pad size ~9.9 mm to ~12.9 mm), “medium” (pad size
~12.9 mm to ~15.3 mm) and “large” (pad size ~15.0 mm
to ~17.0 mm), and from the residual distributions thus
obtained for these three regions separately, we observe a
sigma of 0.8 cm, 0.78 cm, 0.98 cm, in X and 0.86 cm,
0.81 cm, 1.5 cm in Y, respectively.
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Large area triple GEM chambers (mMuCh) have been
commissioned in the mCBM experiment [1]. Two modules
of mMuCh were tested in Mar-May 2020 beamtime with
Pb+Au collisions at 1.2 AGeV beam energy. In this report,
we present results from the modules for data taken at differ-
ent intensities. A first response of the chambers at high and
low intensities was reported in [1] and more detailed results
are being presented. Data at two different voltages for a tar-
get thickness of 0.25 mm have been analysed. The average
number of Digis per Time Slice (TS) have been obtained
for both the modules, GEM1 and GEM2 for all these runs
and have been plotted against beam intensity. While GEM1
was positioned at about 90 cm from the vertex, GEM2 was
placed at about 25 cms downstream to it.
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Figure 1: Spill structure fir GEM2 at 2 x 105/ 9s spill
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Fig.1 shows the spill structure in GEM2, for Run 767
in terms of total Digi counts as a function of the TS num-
ber, at beam intensity of 2x10° ions for 9 s. As we can
observe that there are noisy areas and spikes in this spill.
Several normalizations have been performed in this data
involving intensity per spill and detector acceptances. Now
the results are at the same footing and hence comparable.
Some intensity values were quoted for 9 s while others for
10 s in e-logbook. All have been normalised to 9 s. Ar-
eas having link breaks have been removed. Total number
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of pads and their positions have been carefully maintained
to be the same throughout the period for both GEM 1 and
GEM 2. As a result, the net acceptance is identical every-
where. A common pool of noisy pads was created for all
runs and then all of them were masked. The intermittent
spikes show no effect in the number of Digis per TS plot
and fitting. Two of these distributions with two different
intensities, for GEM1, are shown in Fig 2. As the final
step, we have also subtracted the off-spill counts from each
of the on-spill data point.

The results for GEM1 and GEM2 are shown in Fig 3 and
Fig 4 respectively. The graph has been fitted by a straight
line for each of the two voltages. As expected the lower
slope is for lower voltage (4500 V) and higher slope for
higher voltage (4600 V). The statistical error bar is within
marker size. The fitted graph also passes through a point
close to (0, 0) showing the robustness of our noise removal
algorithm.
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References

[1] A. Agarwal, et.al., “A study of mMUCH response at low
and high intensity Pb+Au collisions at mCBM 2020”, CBM
Progress Report (2019) 73



Muon System

CBM Progress Report 2020

An approach to estimate efficiency of a GEM chamber in the mCBM setup
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The primary objective of the miniCBM @SIS18 is to ex-
amine the readiness and coherent working of different de-
tectors systems, electronics components and DAQ under a
realistic interaction rates of the CBM setup (~10 MHz).
This also provides an excellent oppotunity to test detector
performances under realistic working conditions. In this
work, our main focus is to determine and report the pre-
liminary results on the extraction of efficiency of a GEM
detector in the mini-MUCH system.

We have performed this work on the data collected dur-
ing March-May 2020 in the mCBM experiment at SIS18 in
GSI, Germany with a setup for each sub detector ; mSTS,
mMUCH, mTRD, mTOF, mRICH and mPSD. For the first
time data taking was managed remotely due to ongoing
pandemic situation. This analysis is done with low inten-
sity (2x105/spill) Pb+Au collision at 1.06 AGeV with thick
Au target of 2.5 mm thickness.

Figure 1 shows a the mCBM setup including all the sub-
detectors. All detector systems are aligned at 25° relative
to the beam axis. For mMUCH, two real size triple-GEM
modules are used.

Figure 1: Photograph of the mCBM(2020) setup including
all the sub detectors

For this analysis, we follow a time based event recon-
struction technique using a Fixed Time Window algorithm
of 200 ns width. In this algorithm, the raw data are first
sorted in time stamp and then grouped together taking a
time interval of 200 ns. All the information (digis from
all the detectors) that are registered in this 200 ns is col-
lectively called an event. Some additional constraints are
also imposed for the event reconstruction, such as, an event
must have at least 1 TO digi and 10 TOF digis.

As a first conceptual verification of the free-streaming
DAQ system of CBM and usefullness of GEM chambers
as a tracking detector we have plotted the spatial correla-
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tions between mMUCH and mTOF detectors using recon-
structed mMUCH hits and mTOF tracks projected at GEM-
1 plane [2]. The XX and YY correlations are shown in
Fig. 2 which shows a clear correlation between GEM and
TOF. We therefore proceed further to calculate efficiency
of a GEM chamber taking mTOF tracks as a reference.
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Figure 2: Spatial correlations (XX and YY) be-

tween mMUCH and mTOF detectors using reconstructed
mMUCH hits and mTOF tracks.
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Figure 3: Projection (XY distribution) of mTOF tracks at
the target plane at z=0

The mTOF tracking is done using latest TOF-20f geom-
etry and the corressponding TOF calibration. In order to
have good quality mTOF tracks and reduce the number of
fake tracks we only consider those mTOF tracks that are
constructed from atleast 3 mTOF hits. As a first check,
we have projected the mTOF tracks at the target plane, i.e,
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z=0 as shown in Fig. 3 . We note that the peaks of both
the X and Y distributions are slighty offset from the origin
(0,0) by ~5 cm and ~1 cm,, respectively and we select only
those tracks which are within 5 cm radial distance w.r.to the
this peak X,Y position. Also to mention, this tracking ex-
clude the hits from the Diamond TO detector. Next we have
projected the mTOF tracks at the first GEM plane situated
at 84 cm downstream of the target. We find that there is a
misalignment between mTOF and mMUCH planes which
we correct by shifting GEM-1 hits( X and Y) in the line of
mTOF tracks.

After correcting for the misalignment, we have shown
the common acceptance between GEM1 and the projected
mTOF tracks, which is shown in Fig. 4. For efficiency cal-
culation we use only those mTOF tracks that fall within this
common acceptance (highlighted in blue color in Fig. 4).
Our definition for GEM1 efficiency with respect to mTOF
tracks is as follows:

Eff= No. of GEM1 hits (around mTOF tracks projected at GEM1)

No. of projected TOF tracks in common acceptance

For the numerator we have taken only those GEM1 hits
which are within 30 spatial window of residual X and
residual Y mean position as shown in Fig. 5. Here we have
plotted the residual X and Y distributions taking the spa-
tially closest GEM1 hit w.r.to the projected mTOF tracks.
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Figure 4: The common acceptance between GEM1 hits XY
and the projected mTOF tracks at the GEM1 plane

We have calculated efficiency for three conditions of
mTOF multiplicity, i.e, a) events with single mTOF track
(mTOF track = 1), b) events that have upto 5 mTOF tracks
(mTOF track < 5) and c) events that have at least 1 mTOF
track (mTOF track > 1). The overall mTOF track distribu-
tion is shown in Fig. 6.

Table -1
H Efficiency (%) Error(statistical)
Single track 67.1 +1.60%
All Tracks 72.2 +0.66%
mTOF mult<=35 71.8 +0.67%

Preliminary results on efficiency value as obtained from
data are shown in Table 1 for the total GEM HV of
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Figure 6: Total mTOF track multiplicity distributions per
event

4700V. We can see that the single track efficiency is 67.1
%=+1.60%. These events are cleaner compared to the other
cases as the background is comparatively less. Whereas
in case of all mTOF tracks the efficiency number is high
compared to single track case, as there are possibilities of
background from nearest tracks, higher chances of fake hits
or fake tracks which relatively less in case of single track.
With mTOF multiplicity < 5, the efficiency is similar to all
track case. However these efficiency numbers are without
considering the dead area or acceptance effect. An effort
is going on for dead area calculation. After correcting for
the acceptance loss effect the efficiency number as a whole
would increase.
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Reconstruction of low mass vector mesons by MUCH at 8 AGeV energy

B. Waseem*, M. Faroogq, S. Ahmad, B. Towseef, and Arshad Ahmad

University Of Kashmir, Srinagar, India

The CBM muon detection system is aimed to measure
muon pairs from the decay of low mass vector mesons
and charmonium (.J/4) produced in heavy-ion collisions
at FAIR energies. We demonstrate the performance of the
CBM muon detection system for low mass vector mesons
n, w, p, ¢) at 8 AGeV. The latest geometries of differ-
ent modules have been used in our work. Standard SIS100
Muon Chamber (MuCh) detector system geometry have
been used, which consists of 4 absorbers and 4 stations with
first absorber made of 28cm low-density graphite and 30cm
concrete, and subsequent three iron absorbers with thick-
ness 20cm, 20cm, and 30 cm. Behind each absorber, there
is a detector station in triplet layers. Gas Electron Multi-
plier (GEM) detector have been used in the first two sta-
tions of the MuCh system. Resistive Plate Chamber (RPC)
detectors have been used in the last two stations.

UrQMD event generator has been used for simulating
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Figure 1: Different low mass vector meson sources used
from Pluto event generator at § AGeV energy.

background. The momentum distributions of the vector
mesons and of their decay products are calculated using
the thermal source generator PLUTO. For proper normal-
isation of the signal, particle multiplicities are used from
HSD and branching ratio from PDG Database. Figure 1
shows input cocktail of Imvm sources used in our work.
Muon pairs from signal sources are embedded into UrQMD
events and are transported through the detector setup us-
ing the GEANT3 transport code. Primary track finding
and reconstruction is carried at STS using cellular automa-
ton method and MUCH detector propagates these tracks
through the detector in which track and vertex fitting makes
use of a Kalman Filter. The combinatorial background is
calculated from UrQMD events using the superevent tech-
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Figure 2: Invariant dimuon mass spectra calculated for cen-
tral Au+Au collisions at 8 AGeV beam energy of 7, w, p,

¢.

nique to increase the statistics.

In order to reduce the back-

ground, conditions on the quality of the number of hits in

STS, MUCH and TRD, on the
tex, and on the quality of the

quality of the primary ver-
tracks in the MUCH were

required in the analysis (sts hits > 7, much hits > 11, chi?
vertex < 3.0, chi? much < 2.0, chi? STS < 2.0, TRD cut
of 1 and ToF cut of 2.0). In Fig.2, the invariant mass distri-
bution of the reconstructed muon pairs from low-mass vec-
tor mesons is shown together with the combinatorial back-
ground. The reconstructed efficiencies are 0.37, 2.02, 0.67
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Figure 3: S/B ratio between cocktail of 4 Imvm sources and
background for central Au+Au collision at a beam energy

of 8 AGeV.

and 1.67 respectively for 7, p°

,w, and ¢ respectively. Fi-

nally Figure 3 gives the S/B ratio between cocktail of these

4 sources and background.

It can be seen that MUCH can reconstruct all Imvm

sources fairly well even at low

SIS100 energies.
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Studying effect of digitization parameters on omega (w) reconstruction

A. Kumar*'? and A. K. Dubey'?
'VECC, Kolkata, India; 2HBNI, Mumbai, India

The Muon Chamber (MuCh) system aims to reconstruct
di-muon originating from low mass vector meson (LMVM)
and charmonium, such as p, w, ¢, and J/1. The optimized
design of the MuCh system at SIS100 energies consists of
four absorbers and four tracking stations. The first absorber
is made of 30 cm low-density graphite (p = 1.7 g/cm?) and
30 cm concrete, and the rest three made of iron (Fe) with
thickness 20, 20, and 30 cm, respectively. A triplet of track-
ing detectors will be placed behind each absorbers layer. A
Gas Electron Multiplier (GEM) detector will be used in the
first two stations, and the Resistive Plate Chamber (RPC)
detectors will be used for 37¢ and 4" stations of the MuCh.
Accordingly, simulations have been performed with GEM-
like detectors in stations 1 and 2 and RPC-like detectors
in stations 3 and 4[1]. The detector modules in each layer
are trapezoidal for both detector types. A one-degree seg-
mentation in phi has been implemented for the first two sta-
tions, and for the 37% and 4*" stations, five and six-degree
segmentation were used due to low particle rate. The ac-
tive volume consists of 3 mm Argon/CO- (70:30) gas for
GEM-like detectors and 2 mm RPCgas[1] for RPC-like de-
tectors. Also, 1 cm thick aluminum plates were used as a
support structure and also to cool the electronics[2]. The
MuCh geometry version of v20c has been used.
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Figure 1: Distribution of residual in x (cm) and y (cm)
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Figure 2: Distribution of residual in x (cm)

The simulation chain consists of the following steps:
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Particle generation using event generators like
URQMD for background events and PLUTO for sig-
nal events.

Transport of particles through the detector setup using
GEANT3 transport engine.

Digitization of points (generated by incident particles
on the detector) to form digitized signal.

o Clustering and local hit reconstruction.

e Di-muon reconstruction.

In the third step, we provide the detector parameters,
such as spot size and gas gain, for studying realistic per-
formance. The standard value used for spot size is 500 pm
and gas gain is 5 x 103. In this report, we have stud-
ied the effect of these parameters on omega reconstruction
and track residuals. The UrQMD event generator was used
background events for central Au+Au collision at 8§ AGeV
beam energy, while the signal of w meson was generated
using the PLUTO event generator. One w signal was em-
bedded per event into the background. CBMROOT release
version of APR20 has been used for the simulation.
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Figure 3: Distribution of residual in y (cm)
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The residual distribution or the difference between re-
constructed hit coordinates and Monte Carlo hit coordi-
nates in X & y is shown in Figure 1. The sigma of this dis-
tribution is related to the track resolution, which can vary
by changing the digitization parameters. The variation of
o, with detector gain for different spot size is shown in Fig-
ure 2. The resolution improves slightly by increasing gain
and saturates after 3.5 k. At any particular gain, the effect
of spot size is insignificant on track resolution. This means
that the change in spot size from 250-1000xm does not af-
fect track resolution much. It can also be seen from the
same figure that the 1°¢ station has a smaller value com-
pared to 2"¢ station. The relative increase at the second
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station is attributed to the multiple scattering of charged
particles inside the second absorber. The same observation
can also be seen in o, shown in Figure 3.
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Figure 4: Distribution of cluster size

The variation of cluster size (number of the fired pad/hit)
with gain for different spot size setting is shown in Figure 4.
It slightly increases (at the level of 12-15% by increasing
gain.
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Figure 5: Invariant mass distribution spectra for omega me-
son
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Figure 6: Variation of omega reconstruction efficiency with
gain for various spot size settings

The invariant mass spectra is obtained for all the digiti-
zation parameter settings after a full simulation and recon-
struction. A set of single track quality cuts are applied to
the reconstructed global tracks to identify the muon track
candidates. Reconstructed global tracks satisfying the con-
dition of STS hits > 7, MUCH hits > 11, TRD hits > 1,
X2Verter < 2.0, XQSTS < 2.0 and XZMUCH < 2.0 are se-
lected as valid muon track candidates. The contribution of
non-muonic tracks can be further reduced by applying a 20
cut on the reconstructed TOF mass. The signal is extracted
from the embedded set of events by selecting oppositely
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charged muon candidate tracks on an event by event ba-
sis. The background is calculated using the super event
(SE) technique, where one muon candidate track is com-
bined with all the other oppositely charged muon candidate
tracks. The invariant mass distribution for omega meson
at the default setting of digitization parameter is shown in
Figure 5.
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Figure 7: Variation of S/N with gain for various spot size
settings
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Figure 8: Variation of significance with gain for various
spot size settings

The variation of reconstructed efficiency with gain at
various spot-size setting is shown in Figure 6. It is low
at a lower gain and jumps up to saturation value at gain
>3500. At any particular gain, the effect of spot size on
the efficiency is observed to be insignificant and remains
constant. The detector gain is expected to directly influ-
ence the reconstruction efficiency. But at a gain >3.5 k,
it is observed that it becomes independent of gain. The
signal to background ratio (S/B) ratio for each of these set-
tings has been calculated and shown in Figure 7. We do
not observe a significant change in the S/B ratio. One more
variable tells the quality of the reconstruction, i.e., signif-
icance (S/4/S + B). The variation of significance with a
gain is shown in Figure 8. The trend is entirely similar to
what we saw in the efficiency plot.

In summary, we conclude that omega reconstruction ef-
ficiency reaches its maximum value for a detector gain of
3.5 k. The effect of spot size on efficiency is insignificant.

I want to thank O. Singh and S. Chatterjee for the help.
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Investigation of pile-up effects in the CBM-MUCH using time-based
simulations”

V. Singhal', S. Chatterjee?®, S. Chattopadhyay', and V. Friese®

"Homi Bhabha National Institute, Variable Energy Cyclotron Centre, Kolkata, India; 2Bose Institute, Kolkata, India;
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In order to assess effects of time resolution or dead time,
arealistic simulation of the trigger-less, free-streaming data
acquisition of CBM is needed. Consequently, efforts in the
previous years were devoted to the development of a corre-
sponding time-based simulation framework, going beyond
traditional event-by-event simulations. In this context, a
time-based digitizer for MUCH has been developed [1],
which provides time-stamped digis to the CbmDaqg emu-
lating the data acquisition and building time slices as data
containers similar to the real experiment. The underlying
detectors in the MUCH setup are GEM in the first two
stations and RPC for last two stations. The digitizer de-
scribes the behaviour of both the detectors and the read-
out ASIC. For the latter, the STS-MUCH-XYTER (SMX)
chip [2] will been used, which features a significant dead
time. During this dead time, signal interference may oc-
cur on each pad/channel for tracks from a single event, but
also for tracks from different events if they are close in
time. The current implementation in such cases merges the
two signals into one hit, which receives the time stamp of
the first signal and the accumulated charge of the two sig-
nals. Thus, the second signal is effectively lost. It should
be noted that this is but an approximate description of the
SMX response to close-in-time signals, which, however, is
already suitable to study data losses arising from finite dead
time.

This report investigates the effect of this dead time us-
ing simulated central and minimum-bias Au+Au collisions
at 104 GeV. Note that the time-based simulation of central
collisions does not correspond to a real physics scenario;
it is performed to cross-check the implemented software
since it magnifies the effects resulting from the timing be-
haviour of the detectors. The realistic case is described by
minimum-bias events.

To quantify timing effects, we study the timing ineffi-
ciency (pile-up effect) and the hit density (detector occu-
pancy) for each channel. Pile-up is defined as the number
of hits arriving within the dead-time interval of the previ-
ous hit, divided by the total number of hits in a particular
channel. Occupancy is conventionally defined as the frac-
tion of fired pads to the total number of readout pads in an
event. In our free-streaming mode, we re-define this as the
fraction of fired pads to total number of readout pads in a
time slice divided by the number of simulated events (we
perform the simulation such that data from all events are
contained in a single time slice).

Fig. 1 shows the influence of the dead time on the oc-
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Figure 2: Average pile-up fraction for the first layer of the
first station as function of dead time at an interaction rate
of 107/s

cupancy for an interaction rate of 107/s, averaged over the
first layer of the first MUCH station. As expected, a higher
dead time leads to increasing hit losses and thus a decreas-
ing occupancy. The effect for minimum-bias collisions is
moderate, though. The fraction of pile-up hits is shown in
Fig. 2. The losses arising from hits arriving within the dead
time of a previous hit increases with the dead time as ex-
pected. For dead time of 400 ns, as expected from the latest
design of the SMX (2.2), they amount to about 13 %. For
our further investigations, we thus assume the dead time to
be 400 ns.

The rate dependence of the pile-up fraction is visible
in fig. 3 (top), where it is shown for each sector of the
first layer in station 1. Up to an interaction rate of about
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10°/s, there is little variation; the losses are determined
by the (irreducible) double hits within one event. Above
a rate of 10%/s, the increasing losses arising from double
hits from different events become noticeable; at 107 events
per second, the pile-up fraction is increased by about 50 %
compared to the low-rate case for minimum-bias collisions.
The effect is more clearly visible for central events (fig. 3
bottom), which, as mentioned before, do not correspond to
the real experimental situation.
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Figure 3: Pile-up fraction in each sector of the first layer
of the first station for different interaction rates. The dead
time is assumed to be 400 ns. The top panel shows the
results for minimum-bias collisions, the bottom panel the
artificial case of central collisions only.

The situation in the other three MUCH stations is similar
to the one in the first station. Figure 4 shows the average
pile-up fraction for the first layer in each station, respec-
tively. A significant increase in pile-up losses is visible for
interaction rates above 10%/s in all stations. Note that for
constructional reasons, the pad segmentation of station 2 is
identical to the one in station 1, irrespective of the absorber
between the two stations decreasing the particle flux. Thus,
the occupancy in this station is lower by about a factor of
two compared to station 1. The pad segmentation in sta-
tions 3 and 4 is adjusted to the reduced particle flux such
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that the occupancy and pile-up fraction is comparable to
station 1.
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Figure 4: Average pile-up fraction as function of interac-
tion rate for minimum bias Au+Au collisions at 104 GeV

for the respective first layer of the four stations of the MuCh
setup. The dead time is assumed to be 400 ns.

To judge the impact of the dead-time related data losses
on the physics performance of the MUCH detector, we
studied the origin of the involved particles using MC truth
information. We find that 95% of all pile-up cases happen
for two secondary tracks, presumably created in a shower
in the absorber material. 5% of pile-ups occur for a primary
and a secondary track; interactions between primary tracks
are negligible. This suggests that the performance impact
is minute, which, however, has yet to be substantiated by
corresponding simulation studies.

To summarize, we have studied the effect of finite elec-
tronics dead time for the MUCH detector, employing time-
based simulations as possible within the cbmroot frame-
work. The findings in terms of data losses as function of
dead time and as function of interaction rate are in qualita-
tive agreement with our expectations, which to some extent
verifies the software implementation. Quantitatively, we
find significant losses above the irreducible in-event pile-
up for rates above 10%/s. The effects of these losses on
physics observables will be the subject of future studies.
The significance of the rate-dependent losses at high in-
teraction rates also motivates to work on a more realistic
software description of pile-up hits in accordance with the
response behaviour of the SMX read-out ASIC.
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Summary on the TRD project
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Introduction

The main task of the Transition Radiation Detector
(TRD) is to identify electrons above momenta of 1 GeV/c
and thus to extend the electron identification capabilities
of the CBM experiment into momentum regions above
p ~ 5 GeV/c. For high momenta the TRD should pro-
vide a pion suppression factor in the range of 10 — 20 at
an electron efficiency of 90 %, in order to allow for a high
quality measurement of dielectrons in the mass range from
below the p and w masses to beyond the J/) mass. Due
to its capability to identify charged particles via their spe-
cific energy loss, the TRD in addition will provide valuable
information for the measurement of fragments and thus be
also decisive for the hypernuclei program of CBM.

These requirements can be fulfilled with a Xe/COq
based Multi-Wire Proportional Counter (MWPC) detec-
tor in combination with an adequate radiator. The default
MWPC design is composed of a symmetric amplification
area of 3.5 4+ 3.5 mm thickness, complemented by a 5 mm
drift region to enhance the TR-photon absorption probabil-
ity in the active gas volume. This geometry provides also
efficient and fast signal creation, as well as readout, with
timescales below 250 ns per charged particle track. The
performance of the detector is maximized by reducing the
material budget between radiator and gas volume to a min-
imum.

The baseline design for the TRD at SIS100 will consist
of one station, composed of four detector layers. It will be
positioned between the Ring Imaging CHerenkov (RICH)
and the Time-Of-Flight (TOF) detector and thus will help
to reduce the background in the TOF resulting from track
mismatches by providing additional position information
between RICH and TOF. The TRD will also be used as
tracking station behind the last absorber of the MUCH de-
tector in the muon configuration of CBM.

Project milestones

Several important milestones were reached in the course
of the last year. Most important was the successful data
taking with a TRD module during the mCBM beamtime
in spring 2020. This achievement was an essential prereq-
uisite for the Production Readiness Review (PRR) of the
outer TRD modules, which was taking place on Oct. 1. at
GSI. No major issues were identified during the review and
it was conditionally accepted, provided further studies and
improvements on the signal-to-noise-ratio were performed.
It is foreseen to now build five pre-series modules of type-
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5 in Frankfurt and Miinster, which will then be thoroughly
tested. The results of these tests will be the basis of a con-
cluding review in May/June 2020, after which mass pro-
duction can start. In addition, also ageing studies on sev-
eral materials to be used in contact with the counting gas
have been started (see [1] for first results).

Type 5: BMBF 19-21
Type 3 (partially): BMBF 21-24
Type 1: Romania
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Figure 1: Depiction of the different module types. The
day-1 setup is denoted by the colored areas.

In the context of the BMBF-applications by the involved
German groups in 2020, a strategy for an optimal day-
1 setup for the TRD was developed which should ensure
a maximal physics output with the funding available un-
til 2024 (see Fig. 1). A study of the physics performance
with this setup was done for dielectron measurements, in-
dicating no dramatic loss in pair statistics with respect to a
complete TRD [3]. It is foreseen to add the missing outer
modules (depicted as gray in Fig. 1) after 2024, provided
the corresponding funding will be granted.

Also on Oct. 1. the Conceptual Design Review (CDR) of
the TRD mainframe was held [2]. Here several points were
identified which will need further study (e.g. the larger
layer spacing imposed by the support structure and the al-
ternative use of welded steel components) before one could
conclude on a final design. Also the integration of services
still needs to be addressed in detail.

On the addendum of the Techical Design Report (TDR)
for the inner region of the TRD a lot of progress has also
been made. Apart from many developments on the hard-
ware side, the improvements in the global track reconstruc-
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tion achievable with the 2D-position reconstruction of the
proposed inner module design have been investigated in de-
tail [4]. It is planned to schedule an internal review of the
TDR addendum by the end of February 2021 and to subse-
quently submit it to the FAIR-ECE.

The overall status of the TRD-project was discussed on
a retreat meeting on Aug. 19. — 21., 2020, in Miinster (see
https://indico.gsi.de/event/11003/overview for the agenda).

Front-end electronics and readout

The SPADIC chip, developed at the ZITI in Heidelberg,
will be used for the readout of the outer TRD modules.
During 2020 the version 2.2 was extensively tested and also
used during the mCBM data taking campaign. While the
ASIC did generally provide the required functionality, it
turned out that this version, on one side, exhibited problems
in the analogue part in many channels, and on the other side
was suffering from a relatively high noise level. As these
issues would make the application of the ASIC in the fi-
nal experiment quite cumbersome, it was decided to rather
introduce an intermediate development version 2.3. This
version provides, in addition to modifications supposed to
solve the above mentioned problems, also several minor
bug fixes (e.g. configurable number of pre-samples and
proper read-back of the analogue shift register) and other
new features (e.g. charge injection on all channels). A first
submission of SPADIC 2.3 was made in Dec. 2020. It is
planned to test the new version until May 2021 and then to
decide on a submission of the production version 2.4, to be
used in the final experiment.

A lot of progress has been made in the development of
the firmware for the SPADIC based readout [5]. While
a first version was already successfully used during the
mCBM data taking, the firmware has meanwhile been com-
pletely reworked in order to be able to properly handle high
load situations. It has also been prepared for the transition
to the CRI-based readout in 2021, as foreseen for mCBM
in 2021.

For the innermost modules the readout is supposed to use
the Fast Analog Signal Processor (FASP) chip, developed
for high data rates at the IFIN-HH in Bucharest. It will
be operated on the newly designed FASPRO-FEB, which
also provides the ADC. The I/O part will be handled by the
additional Generic Event Time-stamping Streamer (GETS)
board and will be implemented on radiation tolerant Po-
larFire FPGAs by MicroSemi. This readout chain has been
tested in laboratory tests in Bucharest and is being prepared
for its operation in the mCBM DAQ chain at GSI.

Software and reconstruction

A general framework for the analysis of simulated and
real TRD data has been developed in the recent year [6]. It
is being used for the reconstruction of the DESY testbeam
data from 2019 and the mCBM data from 2020. One of
the main aims of the DESY testbeam was the evaluation
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of radiators of different thicknesses. A systematic study of
the achievable pion suppression factors has been performed
[7], showing that even for a thickness of 31.5 cm no satu-
ration of the pion suppression can be observed yet.

Another important topic being addressed is the revision
of the geometry representation in GEANT. The main as-
pect here is the real description of the support structures
and services. As these components of the TRD project are
currently under development [2], an iterative verification
of the design via simulations is crucial. In particular, the
question whether the increased layer spacing, as required
by the current support structure design, can be tolerated
in terms of physics performance. A first study indicates
that this might indeed cause a deterioration of the particle
identification capabilities, such that another revision of the
geometry would be required.

mCBM participation

The TRD successfully participated in the mCBM data
taking with one installed module. The analysis of the
collected data allowed to identify many problems, which,
however, were subsequently solved [8]. As a result a clear
time- and space-wise correlation of the TRD signals with
the ones from the TOF detector was seen.

For 2021 it is planned to extend the mCBM setup by a
second large module (in type similar to the one foreseen
for the outer TRD region) and one additional module of
the inner region. The latter will include the 2D-readout, as
proposed in the TDR addendum, and will be read out by the
FLES-based electronics developed by the Bucharest group.
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Updates on mainframe construction (after CDR)

P. Kdihler* and L. Wahmes
Institut fiir Kernphysik, WWU Miinster, Germany

On October 1st, 2020, the Conceptual Design Review
(CDR) for the TRD mainframe took place at GSI. While
the process is documented and the basic concept was posi-
tively evaluated, this text shall briefly report on the evolu-
tion in consequence to and after the review.

Mainframe review
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Figure 1: TRD frame as presented in the review. The four
inner layers are foreseen to be moveable along z to enable
installation and maintenance access to each TRD module.

The concept of the TRD support structure was presented
already in [1]. It is planned to consist of a fixed outer frame
and the four actual detector-carrying inner layers. The in-
ner layers are foreseen to be built from rather lightweight
aluminum structures (industrial profiles and self-designed
parts). Those inner layers will be individually moveable
along z direction. The inner layers are currently designed
“standing”, to transport their weight load directly into the
bottom part of the outer structure. A “hanging” construc-
tion was discussed, but would entail significant strength-
ening of the outer frame, potentially with solid carriage
within CBM acceptance. Besides that, following a CDR
recommandation, a cross-check with the outer frame/lower
part built as welded steel construction was started.

Further evaluation: physics performance

With improved completeness of the TRD mainframe de-
sign, the necessary layer spacing in z dimension increased
to 710 mm (front to front). This spacing has been included
now in the CbmRoot geometries v20b_* — with particu-
lar thanks to P. Raisig and D. Emschermann — and stud-
ies of the effect on the physics performance have already

* p.kaehler @uni-muenster.de

been started. For the electron setup the TRD starting posi-
tion of 4100 mm behind the target will remain unchanged
(Zena = 6980 mm) and a TRD acceptance, i.e. here hit
in all four layers®, of £25.4 ° in « dimension and £+21.4°
in y dimension is calculated. Discussions were triggered
during the CDR whether a decrease of layer spacing in 2
dimension can still be achieved: i.e. a reduction of radia-
tor thickness, leading to a tradeoff in electron identification
performance, but to an acceptance improvement. More so-
phisticated options like a further integration of the radiator
into the support structure have to be investigated with re-
spect to realistic maintenance and cooling concepts, these
comparisons are ongoing. In the muon setup, a z starting
position of 4900 mm was agreed upon.

Deformation studies and measurements

Figure 2: Simulation of TRD mainframe deformation with
the load of the fully installed detector system. Calculated
with finite-element methods (Autodesk Inventor).

Deformation studies with the foreseen frame design
were presented, like e.g. the expected z deformation of the
outer frame with fully installed TRD, as shown in Fig. 2.
Checks of the calculations have been suggested, and a real
deformation measurement under mechanical load is cur-
rently being prepared to be carried out with the support
structure test segment in Miinster.
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Ageing test of new materials used in the TRD

F. Roether*!, M. Esen', U. FrankenfeldQ, and J. Hehner?
nstitut fiir Kernphysik, Frankfurt am Main, Germany; 2GSI, Darmstadt, Germany

In the high-rate heavy-ion experiment CBM, gaseous
detectors like the TRD encounter big challenges in terms
of degradation of their performance due to a phenomenon
called ageing. It is caused by impurities of the detector
gas from out-gassing materials. The materials for the con-
struction of the TRD detector chambers have to be care-
fully selected, either they have been proven to work in
other experiments under similar conditions or new mate-
rials have to be tested. We expect an accumulated charge
of up to 70 mC/cm on the anode wire in the inner region
of the detector. A validation of the materials is planned for
at least 100 mC/cm. A setup, dedicated to the investiga-
tion of ageing properties of materials for gaseous detectors
constructed and commissioned at the GSI detector labora-
tory [1,2] has been used to investigate new materials for the
TRD.

X-ray source \E

>5Fe source

: -/ 3cm aperture

ko p | .

moving platform
reference
test chambers chamber

Figure 1: Schematic representation of the test setup.

New materials in the TRD

In the TRD, the composite material EPC GC 203 is ex-
pected to be used for the ledges and Tecasint or Vespel (for
the gas seal). Data is not yet available for these materials.
Although the pad-plane will be made of common FR4 ma-
terial, this may vary from manufacturer to manufacturer.
We have therefore decided to test the PCB material as well.

Test setup at GSI

The setup consists of three identical Multi Wire Propor-
tional Chambers (MWPCs) mounted onto a moving plat-
form, an x-ray generator to produce ionizing radiation and
a ®Fe source for gain diagnostics (Fig. 1). A second mov-
ing platform holds an aluminum collimator plate. The

* roether @ikf.uni-frankfurt.de

setup has been equipped with a data acquisition and con-
trol system enabling fully automated measurements during
long term tests. The material samples are placed in two
outgassing-boxes in the gas supply lines to the detectors.
Any contamination caused by the material samples is trans-
ferred into their respective detector chambers. The setup is
operated with premixed ArCO2(80/20) gas. A third cham-
ber serves as a reference. During the operation of the cham-
bers the onset of ageing is detected by a loss of the energy
resolution and a decrease of the gas gain.

First results

First ageing tests for the TRD materials have been car-
ried out with two samples (k1: EPC GC 203, k2: Tecasint
and Vespel) over 51 days. Figure 2 shows in the two upper
graphs the resolution for the two samples. Over the mea-
surement period, both chambers showed no degradation in
energy resolution and thus no sign of ageing. The lower
plots show the p/T corrected gain and the gain ratio to the
non-radiated areas for the two samples. The determination
of the gas amplification has to be corrected for tempera-
ture and pressure changes. Small changes in gas composi-
tion and humidity can affect the gain factor. In Fig. 2 three
events are highlighted: the first change of the gas cylinder
(1), the resumption of operation after the Christmas break
(2) and the second change of the gas cylinder (3). While the
first cylinder change had no significant effect, the second
cylinder change and the restart after the Christmas break
led to major changes in the measured gas gain. Obviously,
these abrupt changes cannot be explained by sudden age-
ing. The crucial parameter for determining the ageing is
the change of the gain factor at the irradiated area in re-
lation to the non-irradiated area shown in red. Since the
change of the relative gas gain for both chambers did not
exceed 1 % during the whole measuring period, everything
speaks for the fact that the tested materials will have no
critical influence on the ageing of the detector.
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Figure 2: Data of the measurement of the first two material samples. The upper plots show the energy resolution and the
lower ones show the relative gas gain as a function of the accumulated charge. The left plots refer to the first test chamber
(k1, composite material EPC GC 203) and the right plots to the second test chamber (k2, Vespel and Tecasint). The active
measurement time was 51 days.
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Status update: SPADIC TRD firmware

D. Schledt

Institut fiir Infrastruktur und Rechnersysteme in der Informationsverarbeitung, Frankfurt am Main, Germany

Introduction

The mCBM 2020 campaign as well as the transition to
the CRI showed that the firmware for the SPADIC TRD
needed a thorough rework. During the mCBM campaign
it became clear that the firmware was not well equipped
to handle high load situations. This resulted in undocu-
mented lost data and loss in time synchronization. Addi-
tionally, while planning the transition to the CRI, the re-
quirement to lower the resource usage per link prompted a
complete rework of the data aggregation tree. Therefore,
the newly developed firmware vastly improves on stability
in high load situations, documentation whenever data had
to be discarded, as well as resource usage. Furthermore, the
firmware employs several building blocks that were written
with Vivado High-Level-Synthesis (HLS).

The Concept

One of the goals of the firmware rework is to develop
a maintainable and upgradeable code base. Therefore, all
functional blocks in the new data aggregation scheme use
the AXI4-Stream protocol [1]. This allows for an easy
integration of new modules regardless if they are written
in HDL (Hardware Description Language) or HLS. Addi-
tionally, the communication between modules of variable
latency can be implemented elegantly with the protocol,
which further simplifies the usage of HLS where one does
not have complete control over the processing processing
latency. Furthermore, the FLIM interface is based on the
AXI4-Stream protocol, which made the protocol the obvi-
ous choice. In the microslice specifications the TLAST flag
is used to mark the end of a microslice. The new firmware
borrows this concept and asserts TLAST at the end of each
epoch, i.e. the TS_MSB frames are marked as TLAST. As
these TLAST frames are used to stay synchronous in time,
they must not get lost under any circumstances. Using the
TLAST flag as an indicator for the most important frames
allows for a common handling of buffer overflow condi-
tions, so that they can be recovered and marked with a flag
to indicate that data had to be discarded. For the SPADIC
the four LSB of the TS_MSB frame are empty and can be
used as flags.

The Data Aggregation Tree

Figure 1 shows the data aggregation tree for the new
firmware. For each elink there is one timeout monitor mod-
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ule, which monitors the incoming TS_MSB frames. Upon
a reset of the data handling, a counter is started and if
this counter reaches six epoch periods (96 us) without a
TS_MSB frame the elink is set to a timeout state. When this
elink is first set into the timeout state one TS_MSB frame
with flag 001000 is generated. Following that, one TS_MSB
frame with flag Ob0001 is generated each 16 us. In the
timeout state no message is forwarded to the data handling.
The elink will remain in timeout as long as no new TS_MSB
frame reaches the timeout monitor.

timeout meout
monitor 0 r
TS MSB | TS _MSB
mo r monitor
sorter
control
sorting sorting
pipeline pipeline
frame
merger
microslice
generation

Figure 1: Schematic depiction of the SPADIC TRD data
aggregation tree.

The TS_MSB monitor is another module that is instanti-
ated for each elink. The module is responsible for gener-
ating any missed TS_MSB frame. This is accomplished by
calculating the difference between the timestamp of current
TS_MSB frame and the previous TS_MSB frame. If the dif-
ference is larger than one and smaller than six the module
will generate TS_MSB frames with flag 0b0010 according
to the difference. If the difference is larger than six (or
zero), then the TS_MSB frame is discarded. Additionally,
the module recognizes the first timeout TS_MSB frame and
generates five additional TS_MSB frames with flag 0b0001
to regain synchronization.

The next block is the sorter buffer control module. This
module controls the data flow to the sorting pipeline. The
raw SPADIC frames in between two TS_MSB frames (one
epoch) are buffered for each connected link. When each
buffer received data from one epoch the data from this
epoch is sent to one of the two sorting pipelines, where
the data is serialized and sorted.

To keep track of the incoming and outgoing TS_MSB
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frames there is one register for each elink on the
input (received_epochs_i) and on the output
(received_epochs_o) side of the FIFO. On the in-
coming side the register is 4 bits large and the register is
increased by one whenever a TS_MSB frame arrives. On
the outgoing side the register is 1 bit in size and is set to
one when the TS_MSB frame is received from the FIFO.
This also stops the data flow from the FIFO to the sorting
pipeline. Once the register on the incoming side is larger
than zero on all elinks, the pending_epochs register is
increased by one and each received_epochs_i register
is decreased by one. Whenever the pending_epochs
register is not zero and the sorting pipeline is not busy, the
data of one epoch can be fed into the sorting pipeline. Once
all TS_MSB frames are received by the sorting pipeline the
pending_epochs register is decreased by one and the
received_epochs_o is set to zero for each elink. The
sorting pipeline is set to busy as long as there is data inside
the pipeline.

The frame merger block is responsible to merge the data
stream from the two sorting pipelines into one 64 bit frame
as well as assigning the TLAST flag for the microslice gen-
eration module. This is accomplished, by counting the in-
coming TS_MSB frames. For each processed epoch there
need to be as many TS_MSB frames as connected elinks.
When all TS_MSB frames have arrived the processed epoch
counter is increased by one and if this counter reaches n the
microslice frame is set as TLAST, where n = %j:eng‘h

Inside the microslice generation module the current mi-
croslice index is generated from the TLAST flag of the in-
put stream, the data is flow controlled according to the mi-
croslice index window and proper backpressure handling is
ensured.

Buffer Overflow Handling

In the current iteration of the firmware there are two
FIFO buffers where buffer overflow conditions are a con-
cern. These are the sorter control buffers and the output
FIFO to the FLIM module. As the sorter control buffers
hold the data for the serialization they can become full if
there is too much data to be serialized. At the moment
the data is serialized at 160 MHz. As the firmware buffers
data of one epoch period (16 ys), the maximum number of
frame that can be serialized without the buffers filling up is
2560.

If the number of frames is above this value for several
epochs, the buffers will begin to fill up. In order to not lose
time synchronization, the TS_MSB frames must not get lost
when the buffers are full. Therefore, whenever a TS_MSB
frame had to be discarded due to a buffer overflow, a pend-
ing TS_MSB is incremented. And as soon as the buffer frees
up the pending TS_MSB frames are generated. They carry
the flag 0b0100 and the number of frames that had to be
discarded due to the buffer being full.

The output FIFO to FLIM module can become full due
to backpressure from the FLES. If this happens, the TLAST
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words must not get lost. As the TS_MSB frames also carry
the TLAST flag, the same mechanism is used to recover the
TLAST frames. If data had to be discarded this way, the
microslice is marked with the FLIM user flag.

Vivado HLS

sorting stage

sorting
block

sorting
block

sorting
block

sorting
block

Figure 2: Schematic depiction of the blocks inside the sort-
ing pipeline. In this example eight elinks are connected to
the sorting pipeline.

In this firmware some of the modules were written with
Vivado HLS. Vivado HLS allows C++ code to be synthe-
sized into HDL. This significantly improves development
time at the cost of suboptimal resource usage. While HLS
is not suited for every module, especially if it is latency
sensitive, but it produces good results for dataflow applica-
tions, where there is not much feedback required.

One examples where HLS was used in this firmware
is the sorting pipeline. The sorting pipeline employs the
dataflow pragma [2]. Figure 2 depicts the inner working of
the sorting pipeline. In the C++ code the module is log-
ically split into sorting stages and sorting blocks. As the
incoming elink streams are already sorted in time individ-
ually, the sorting algorithm is simple. Each sorting block
compares two values and queues the smaller one for the
next sorting block. The other port is kept and no new value
can be read into that port. If one port frees up a new mes-
sage can be read in. This is replicated until there is only
one sorting block in the last stage. This module has an ini-
tiation interval of one and a latency equal to the number of
sorting stages.
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First calculation of pion efficiencies from DESY 2019 testbeam data

A. Meyer-Ahrens
Institut fiir Kernphysik, WWU Miinster, Germany

Introduction

As reported in [1], the TRD group performed testbeam
measurements at DESY in Hamburg in 2019 using a pure
electron beam at fixed momenta and radiator prototypes of
various widths ranging from 1.5 to 31.5cm. Even though
a successful energy calibration could not be achieved yet,
first reconstructed energy loss spectra showed a promising
similarity with simulations, especially concerning the scal-
ing with radiator thickness [1]. On the basis of these spec-
tra, a first calculation of the resulting electron and pion effi-
ciencies has been carried out. The pion efficiency is defined
here in accordance to [2] as the fraction of pions wrongly
identified as electrons at a given electron efficiency using
the likelihood method.

Pion spectrum approximation

Since no pion beam is available at DESY, the pion spec-
trum had to be approximated by scaling the spectrum mea-
sured for electrons in the setup without any radiator accord-
ingly. For this scaling the factor of » = 1.35 was used,
obtained by modified GEANT3 calculations and measure-
ments in [3]. The reconstructed spectra for the different
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Figure 1: Measured energy loss spectra of electrons for dif-
ferent radiator configurations at an electron momentum of
3GeV as well as the approximated pion spectrum. Each
spectrum has been normalised by its area.

radiator setups as well as the approximated pion spectrum
are shown in Fig. 1.

Likelihoods

The electron and pion likelihoods L. and L, were de-
fined as [2]
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The products in Eqs. 2 and 3 run over the number of detec-
tor layers. In the data taken at DESY, only one TRD layer
was read out. To calculate the likelihoods for more than one
layer the assumption was made that all layers measure the
same spectrum. The distributions of the likelihoods were
then calculated by randomly' sampling the respective spec-
tra once per detector layer and calculating the likelihood
2 x 10° times. The resulting likelihood distributions for
the case of four detector layers with 31.5 cm thick radiators
can be seen in Fig. 2.
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Figure 2: Likelihood distributions for pions and electrons
at a momentum of 3GeV for a setup with four detector
layers and a radiator width of 31.5 cm.

Results

The pion efficiencies at an electron/pion momentum of
3 GeV and a required electron efficiency of 90 % are shown

'Note: Randomly according to the histogram bin contents, not at fully
random Xx-positions
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of 3 GeV and a required electron efficiency of 90 %, shown
with linear y-axis.
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Figure 4: Pion efficiency depending on radiator width and
number of detector layers for an electron/pion momentum
of 3 GeV and a required electron efficiency of 90 %, shown
with logarithmic y-axis.

in Fig. 3 and Fig. 4 with linear and logarithmic scaling, re-
spectively. As expected, the pion efficiency decreases with
an increase of detector layers or radiator width.

Discussion and outlook

This analysis successfully quantified the visible differ-
ence of the reconstructed energy loss spectra in terms of
parameters relevant for the detector performance. As the
shown pion efficiencies were calculated on the basis of data
without a proper energy calibration, their absolute values
should be taken cautiously. However, the general trend of
decreasing pion efficiency with increasing radiator width is
clearly visible and subsists even above a width of 25cm,
reaffirming the foreseen choice of 31.5 cm thick radiators
for the CBM-TRD. This analysis may be repeated for the
DESY 19 data once a successful energy calibration has been
achieved, or for comparative testbeam measurements.
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Analysis of TRD data from mCBM 2020

A. Puntke*!, P. Kiihler', and P RaisigT2
nstitut fiir Kernphysik, WWU Miinster, Germany; Institut fiir Kernphysik, Frankfurt am Main, Germany

During the 2020 mCBM data taking campaign the TRD
successfully recorded data, allowing temporal as well as
spatial correlation analyses of the measured signals of all
mCBM detectors. The installed TRD setup consists of one
module, with an active area of 92 x 92 cm?2, divided into
0.72 x 15 cm? (z x y) sized readout-pads, which are con-
nected in groups of 32 to SPADIC 2.2 ASICs. The detec-
tor was operated with Ar/CO, 80:20 at an anode voltage
of 1750V and a nominal drift field of 100 V/mm (design
value). Further details of the TRD setup in mCBM 2020
can be found in [1].

With this setup more than 20 runs were recorded. A sum-
mary of the campaign can be found in [2]. Used for the pre-
sented analysis is run 831, which is agreed to serve as ref-
erence run for first mCBM analyses and contains roughly
10 minutes of data taking. The primary aim of the ongoing
work is the analysis of the TRD data quality, with the final
intention to ensure the usability of the data for the foreseen
mCBM benchmarks. The confirmation of parameter sets
for detector operation and providing input for the ongoing
development of TRD firmware blocks are further goals.

Data reconstruction and calibration

The TRD data reconstruction consists of three steps. It
begins with the “unpacking” of the incoming raw messages
(SPADIC 2.2 and subsequent DPB layer message blocks)
into so-called digis, which contain the information on the
channel that registered the signal and the charge equivalent
value of the signal [1]. Afterwards, the digis from adjacent
pads and within a time window of one SPADIC 2.2 clock-
cycle (62.5ns) are grouped into charge clusters. From
those clusters, the actual hit in the chamber created by
the traversing particle is reconstructed. An early integrity
check for data from the subsystems produced by the free-
streaming mCBM DAQ is the proof of temporal correla-
tions between the detector streams. Due to its low noise
and clear signal correlation with beam—target interactions,
the TO detector is a natural choice for a reference detec-
tor [2].

During first quality assurance tests of the data in
May 2020, time shifts of the correlation peak between the
TRD and TO time were found. The observed shifts occur
in multiples of the microslice length (1.28 ms). In the top
panel of Fig. 1, an example of a shifted correlation peak
is given. Instead of appearing in the region of At = Ons
it is shifted to larger values (At =~ 7 - tmicroslice). The
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Figure 1: Top: time difference between TRD and TO hits
in a 3 s long interval of run 831. Bottom: multiples of mi-
croslice lengths by which the correlation of TRD and TO
digis is shifted as function of the timeslice index.

multiple of the microslice length by which the correlations
are shifted as function of the timeslice index is depicted in
the bottom panel of Fig. 1. Based on the observed shifts
calibration parameters have been extracted, for the com-
mon data analysis. In parallel, a correction scheme which
is more elaborate, but also requires more manual interven-
tion, was developed for a first spatial correlation analy-
sis between reconstructed TRD hits and TOF tracks, see
below. Meanwhile, a potential reason for the observed
time shifts in the TRD data was identified and solved in
hardware. Additionally, a more robust implementation of
the timing algorithm was developed for the corresponding
TRD firmware [3].

Hit and track reconstruction

The unpacked data were at first corrected for the afore-
mentioned discrete time shifts, which is assumed to result
in an exact recovery of the real values. The resulting TRD
digis were then resorted into their proper timeslices to en-
sure time overlap in the time-slice-based correlation anal-
ysis with TOF tracks. Based on precise manual measure-
ments of the relative detector positions a setup geometry
was created and used as reference for the hit position re-
construction. Eventbuilding was done with a common al-
gorithm that splits the data stream into events whenever the
time difference of two consecutive digis exceeds 250 ns.
For the TOF hit reconstruction the latest calibration was
applied. The diamond detector was included as a station in
the tracking algorithm, assuming each track emerges from
target position (r =y = z = 0).
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Temporal correlation with TO and TOF

To probe temporal correlations between TRD, TOF and
TO the time differences of TRD and TOF hits (Attrp-To,
Attor.to) Within an interval of #2000 ns around each TO
hit were calculated. The resulting values are shown in
Fig. 2. Time correlations between TO, TRD and TOF are
confirmed by the main diagonal. Most of the TRD hits are
found after the correlated TOF and TO hits. The sharp hor-
izontal line indicates the naturally much better time resolu-
tion of TOF. In future the time resolution of the TRD will
be improved by more sophisticated time reconstruction al-
gorithms.

10°
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Figure 2: All possible combinations of pairs of TRD and
TOF hit time differences to the TO detector within 2000 ns.

Spatial correlations with TOF tracks

To investigate spatial correlations of TRD and TOF the
tracks provided from the TOF detector were correlated with
TRD hits. The study is limited to the x positions, as one
TRD layer only resolves one dimension which is the z di-
rection in this specific case. For each extrapolated track
crossing the TRD acceptance all TRD hits within a time
window of +400 ns are checked for matches. The result-
INg TTOF-Track-LTRD-Hit-Pairs are plotted in Fig. 3. This plot
clearly shows an angle bisector which signals that TRD and
TOF are not only temporally but also spatially correlated.

To take a closer look at these correlation pairs also their
z distance Aztrp.Tor and temporal differences Attrp.Tor
were filled into the histogram in Fig. 4. At Azrp.ToF ~
0.8cm a strong accumulation is seen, meaning that the
TRD has an offset of about 0.8cm to the TOF detector
which can be used as offset correction in further analyses.
The track matching resolution in z direction is in the range
of some mm and therefore not yet satisfying. Room for
improvements is seen with new versions of the mCBM ge-
ometry files, which is an ongoing joint effort in mCBM.
One option for future mCBM measurements could be the
implementation of track alignment routines, e.g. by using
muon tracks. We note that also the still high noise level
might deteriorate the apparent TRD position resolution.
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Figure 3: x positions of extrapolated TOF tracks and TRD
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Figure 4: Differences in = and ¢ between TOF tracks and
TRD hits within the TRD acceptance.

Outlook

We still expect significant improvements of the TRD hit
time resolution by evaluating the transmitted ADC samples
from the raw messages in order to determine the precise hit
time within a time bin. A codebase developed with sim-
ulated data exists and is to be applied to the mCBM data.
The usage of other mCBM detectors as TOF and TO as time
reference is of particular value for the tuning of the meth-
ods with real data. A detailed TRD hit efficiency analysis is
ongoing to further evaluate trigger settings and TRD read-
out. Furthermore, an analysis of the TRD HV currents with
respect to the mCBM rates is expected to deliver valuable
input for planning of the TRD HV system in CBM.
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Motivation for an efficient tracking device for the inner zone of the TRD wall

A. Bercuci, V. Catanescu, M. Petrovici, L. Radulescu, and C. Schiaua

National Institute for Physics and Nuclear Engineering (IFIN-HH), Hadron Physics Department, Bucharest, Romania

The challenge the CBM experiment at FAIR will be fac-
ing is the 10 MHz top interaction rate at which it will oper-
ate. Using mixed detector techniques to reconstruct particle
yields in a high rate environment, the DAQ has to run freely
in order to accommodate various processing times in the
system. As a fixed target device, the highest particle yields
will be seen at low polar angles, such as the inner zone of
the TRD wall. Here, a 2D position sensitive architecture is
proposed [1] [2] for increased tracking efficiency.

ylom)
3 8

Figure 1: Mean p; distribution at mid-rapidity of protons
and K™ for all particles which are reaching the inner zone
of the last TRD station and have at least three hits in the
STS (left) and the efficiency of STS seed tracking in TRD
for the same selections (right).

The CBM dipole magnet acts as a mass spectrometer for
different charged particle species, projecting the image of
the vertex at various distances from beam axis. In Fig. 1,
left, the vertex expansion of protons and K* at mid-rapidity
is projected at TRD layer 0, situated at 410 cm from the tar-
get (SIS100 electron setup). On the right, the efficiency of
particle reconstruction is depicted when only STS is used
for track finding. Comparing the two plots, it is obvious
that STS alone will loose low p; tracks entering TRD.

TRD Iy[0] [el(-)] [PROPAG]
=

Figure 2: The electron component seen by the TRD if all
trackable tracks are considered (left) and the efficiency of
the actual STS seeding wrt. TRD hit matching (right).

Another example of incomplete tracking with the default
CBM reconstruction scenario is for the electron compo-
nent. In Fig. 2, left, a representation of all electrons with at

least three hits in the STS is given. The inner modules of
the TRD wall are emphasized in black. The efficiency to
reconstruct them is given on the right. Comparing the two
one can see that for the highest yield regions in the inner
part the efficiency is mainly under 5 %.
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Figure 3: Relative (wrt. to total) particle rate in the TOF
detector which is not resolved by STS entering ToF from
upstream.

Last but not least is the case of downstream detectors
wrt. TRD. The amount of particles produced outside the
tracking capabilities of STS, which are generating hits in
TOF is ~ 38 %. Partially they are background, but some
may be linked to physics channels. Their identification is
either way necessary in the large economy of the CBM re-
construction.

It has been shown that the TRD-2D doubles the recon-
struction capabilities of the default TRD solution for the in-
ner regions of the TRD wall. The physics cases presented
above can be solved, independently from the STS track
finding, by a stand alone TRD(-2D) particle reconstruction.
Thus, such a system can beneficial complement the existing
reconstruction scenario to access low p; charged particle
spectra and significantly extend the electron dynamics. It
also might play a beneficial role to deconvolute background
effects for downstream systems.
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Dielectron measurements with a TRD-day-1 setup

E. Bechtel
IKF, Frankfurt, Germany

The TRD is one of the main detectors for the identifica-
tion of electron tracks, especially at larger momenta. It is
designed with different module types that differ in granu-
larity, to account for the higher track multiplicities in the
inner part of the system. According to the current planning
and funding schedule, a fraction of outer modules will be
built after 2024 (see Fig. 1). Therefore, the physics per-
formance with respect to dielectron measurements of the
day-1 setup is investigated in this study and potential ef-
fects due to the reduced acceptance are explored.

Type 5: BMBF 19-21
Type 3 (partially): BMBF 21-24
Type 1: Romania
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Figure 1: Depiction of the different module types. The
day-1 setup is denoted by the colored areas.

The simulation consists of 2 million UrQMD Au+Au
collisions at 12A GeV collision energy (0 — 10 % central-
ity). Additionally, a cocktail of low mass vector mesons
and thermal dielectron pairs was added via the PLUTO
generator. For the study of the day-1 setup the hits from
the not installed modules were ignored in the reconstruc-
tion. However, the geometry still included the material of
the respective modules. The majority of simulated signals
are reconstructed in the inner part of the TRD, but there
is still a significant loss in acceptance due to the missing
modules (see Fig. 2).
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Figure 2: x — y position distribution of reconstructed hits
in all TRD layers for the two data sets (left: full geometry,
right: day-1 geometry).

This can be especially challenging for multi-body de-
cays, since a single daughter particle will only contribute
to the combinatorial background. Figure 3 shows the phase
space distribution of all unlike-sign pairs from the same
event (left) and the ratio between the day-1 setup and the
full geometry (right). A significant loss of pairs can be
seen for small rapidities and large transverse momenta, as
it would be expected due to the missing modules.
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Figure 3: Left: p, and y distribution of all unlike-sign pairs
in the day-1 setup. Right: Ratio between the p; — y distri-
butions of the day-1 setup and the full geometry.

The reduction of the dielectron signal was calculated
as the ratio of the respective invariant mass spectra (see
Fig. 4). On average, there is a decrease in yield of
about 40 %, without significant dependence on invariant
mass, above 0.5 GeV/c2. The corresponding signal-to-
background ratio is shown as a function of the invariant
mass in the right panel. It shows a good agreement be-
tween both setups in the lower mass region, while there is
a small decrease in the intermediate mass region.
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Figure 4: Left: ratio of all embedded signals. Right: signal-
_ to-background ratio of the two configurations.

In conclusion, it should easily be possible to compensate
the overall reduced statistics of dielectron pairs. However,
it should be noted that the reduction will mainly be located
close to mid-rapidity.
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TOF - Summary

Ingo Deppner', Norbert Herrmann', and the CBM TOF working group'

'Ruprecht-Karls-Universitit Heidelberg, Heidelberg, Germany

The TOF activities in 2020 were focused on the follow-
ing topics:

- Operation of eTOF during the data taking period
(about 6 month) in 2020 in the scope of the FAIR
phase 0 program including the calibration of the fixed
target data set at \/syn = 7.7GeV (the status can be
seen in this report [1])

- Analysis of the data obtained during the beam time at
mCBM in 2020

- Aging tests performed at Bucharest and Beijing
- Search for alternative MRPC gases (see this report [2])

- Construction of 5 MRPC4 counters (for the most outer
part of the TOF wall) to be integrated in the mCBM
setup as module M6_1

- R&D activities on the BFTC especially on the module
design and CBM root geometry

- Successful completion of the low voltage CDR

The biggest effort certainly was put in the successful op-
eration of mTOF during the mCBM beam time in order
to create the bases for upcoming TOF project milestones.
Information about the HV current consumption of the de-
tectors correlated with the incident charged particle flux as
well as the FEE current consumption was obtained which
is essential to finalize the HV and LV conceptual design.
The LV CDR was passed successfully while the HV CDR
is targeted for March 2021.

During the beam time in 2020 which was distributed
over many campaigns [3], several runs at various rates start-
ing from a few tens of Hz/cm? to up to 10 kHz/cm? were
performed. At moderate rates of a few hundred Hz/cm? an
efficiency in the order of 97% homogeneously distributed
over the full counter surface could be demonstrated for the
MRPC3 prototype (conf. Fig. 1 left side). In the same line
a preliminary system time resolution in the order of 70 ps
yielding in a counter time resolution of about 50 ps could
be demonstrated (see. Fig. 1 right side). However, tests re-
sults at higher rates which are mandatory in order to prove
the full functionality of the counters at the targeted high-
est CBM interaction rates were difficult to obtain due to
malfunction of the firmware resulting in data losses in the
readout stream. The repetition of this high rate tests are
scheduled for March 2021.

Due to the free streaming readout the dark rates of the
RPCs could be distilled out of the data during the beam
time and led to following observation. The dark rate in-
creased rapidly within hours when the module was exposed

TDTDADToiDapes
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Figure 1: Left: Counter efficiency as function of the hit po-
sition. A average efficiency of 97% was measured. Right:
Time difference AT between the counter under test and the
reference counter (both MRPCs equipped with low resis-
tive glass from type MRPC2.)

to a high particle flux (depicted in Fig. 2 left side). How-
ever, after a certain time at rest the dark rate recovers to
its nominal value. The reason for such a behavior is most
probably a contamination of the gas inside the gap and
maybe also in the gas reservoir i.e. in the gas box. The
first step towards mitigation was done by sealing the MRPC
which leads to a rapid exchange of the gas around the
MRPC. Such a counter is developed and currently tested
and first results can be seen here [4]. The next step conse-
quently would be to force the gas through the gaps.
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Figure 2: Dark rate as function of time (here expressed in
run numbers). Grouped data points belong to one beam
time campaign of a few hours. In between a relaxation time
of a few days/weeks happened. Fore most of the counters
the dark rate recovered to its nominal value (left plot). For
some counters the recovery did not happen (left plot).

A second observation which was made, is that for some
counters this relaxation of the dark rate with rest time did
not happen (see Fig. 2 right side) even though they are lo-
cated in the same gas box as the others. This phenomena is
not understood yet and need further investigations. How-
ever, hit position measurements indicate, that the dark rate
is entirely generated at the spacers. In order to investigate
this behavior in more detail aging test were performed at
the IRASM facility in Bucharest. Here a high gamma flux
generated by a strong Cobald60 source was used to expose
the counter with an charged particle equivalent flux of sev-
eral hundred kHz/cm? (about 20 times more than expected
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at CBM). The results are described in detail in this report
[5]. However, both observations made at the beam time
could be confirmed. Currently the analysis of the chem-
ical composition of the deposits stemming probably from
generated gas radicals is ongoing. However, it was decided
to test the counters in the next coming beam time without
iso-Butane in the gas composition and reduce the SFg to a
minimum content (about 2.5%).

For the next coming beam time it is planed to install the
largest TOF module foreseen for the most outer part of the
TOF wall. For this purpose firstly 5 counters with a active
area of 50 cm X 32 cm and 32 read out strips were build in
2020. A photograph of the counter can be seen in Fig. 3.
The counters are equipped with extremely thin float glass
of 230 pm and have to cope with rates up to 2 kHz/cm? in
the most critical regions. First rate tests with the smaller
brother (MRPC3 prototype with 27 cm x 32 cm) indicate
that this kind of glass could do the job.

Figure 3: MRPC4 prototype. Left: open counter, spacers
and glass stack is visible. Right: closed counter, honey-
comb structure and connection pins from the readout elec-
trode visible.

Substantial progress was also made in redesigning the
Beam Fragmentation TO Counter (BFTC). The current con-
ceptual design foresees 4608 single cell ceramic MRPCs
grouped in 24 modules around the beam pipe (conf. Fig. 4).
It is under discussion where and how the BFTC should be
mounted. From the three alternatives, (1) mounted on the
tof frame, (2) on its own support, (3) on the PSD main sup-
port, the third alternative is for several reasons preferred.
The beam hole of 20 cm x 20 cm is adapted to a beam pipe
of 18 cm in diameter. The frond-end electronics will be the
same as for the inner wall and is located as far as possible
from the beam.

The frond-end electronics (FEE) for the inner wall got
redesigned in 2020 as well. The idea is to install the front-
end ASICs PADI XI and Get4 as close as possible on the
same PCB (see Fig 5 left side) in order to minimize sig-
nal losses and guaranty a perfect impedance matching. To-
gether with this new FEE PCB a new readout board con-
taining the GBTx chip was designed and manufactured (see
Fig 5 right side). The readout board will be located on the
outer boarders of the inner wall and is connected via 2 m
long data cables with the FEE. The ASIC and the electron-
ics engineering design reviews (EDRs) are targeted for the
year 2021.

Along this lines also the firmware development for the
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Figure 4: Layout of the Beam Fragmentation TO Counter
(BFTC). 4608 single cell ceramic MRPCs grouped in 24
modules around the beam pipe. The beam pipe hole is
20 cm x 20 cm.

Figure 5: Readout chain for the inner wall and BFTC. Left:
FEE board containing the PADI and Get4 ASICs on the
same PCB. Right: Readout board containing the GBTx
chip.

migration to the CRI stared in Dec. 2020 and is on a very
good track. New concepts of data aggregation were devel-
oped and are currently implemented in VHDL. The aim is
to make use of all available 47 + 1 optical input links of the
CRIL

In summary a substantial progress was achieved during
the last year and we hope it will find its continuation in the
year 2021.
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Preliminary results of aging studies for the MSMGRPCs based on low
resistivity glass electrodes

M. Petris*!, V. Aprodu', G. Caragheorgheopol', G. Mateescu', V. Moise®, D. Neguf*, M. Petrovici',
L. Prodan', and A. Radu’

"Hadron Physics Department; >Multi - purpose Irradiation Facility; IFIN-HH, Bucharest, Romania

For the aging tests of the MSMGRPC prototypes based
on low resistivity glass electrodes developed for the CBM -
TOF inner zone [1] we used a 360 kCi °°Co source at the
Multipurpose Irradiation Facility (IRASM) of IFIN-HH,
Bucharest. The 59Co source is immersed in a stainless-
steel pool of 6 m deepness and biological shielded by water
and concrete. For the irradiation, the source is lifted from
the water pool into the operating position by remote con-
trol. The mechanical support designed for positioning the
MSMGRPC box centered relative to the slit in the concrete
shielding of the ®°Co source is shown in Fig. 1 - left. The
aging tests started with the exposure to gamma rays of a
MSMGRPC of 30 cm x 9.6 cm active area. A 0.3 kGy/h

Figure 1: Experimental setup - left. Gas mixing station and
monitoring equipment - right.

dose rate was measured, with not significant differences
from the floor to the concrete ceiling and in similar val-
ues in the left and right directions relative to the counter
position, assuring an uniform illumination of the counter.

Preliminary aging tests have been started in the fall of
the 2020 year. The exposed MSMGRPC has a double stack
differential architecture with five gaps per stack, each gap
having 140 pm thickness [2]. The resistive electrodes are
made of a low resistivity Chinese glass (2 x 101° )cm) in
order to cope with the anticipated high counting rates of
the CBM-TOF inner wall, (from 30 kHz/cm? close to the
beam pipe to 5 kHz/cm? to the merging zone with the outer
wall).

The gas mixing station and the high voltage power sup-
ply were located in the close vicinity of the control room
for the source manipulation. The counter has been flushed
with the nominal operation gas mixture (90%CoHoF4+ 5%
C4Hyg +5%SFg) and fed with applied high voltages up to
the ones corresponding to the efficiency plateau. Signals
picked-up directly from the counter connectors were mon-
itored on an oscilloscope using 35 m length lemo cables.
On front and back panel of the housing box, centered on

* mpetris @nipne.ro

the active area of the counter, dosimeters which monitored
the integral gamma dose had been installed. Once the ex-
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Figure 2: Current during irradiation - left. Dark current
short term recovery - right.

periment had been set, the detector was powered with high
voltage and exposed to the high gamma flux. During the
measurements it was monitored the current as a function of
the ramping up of the high voltage as well as its evolution
in time under gamma exposure at a certain high voltage.
In Fig.2 - left, it is shown the evolution of the current in
time at 2 x 5.0 kV applied voltage, under high gamma flux,
for two different gas flow rates of 4 1/h and 8 1/h. Using
these measured currents and estimating the charge of an
avalanche produced by an ionizing particle from the mea-
sured values of the counting rate and currents in the mCBM
beam time [3] with prototypes with 140 pm gas gap thick-
ness, a rough estimation of an equivalent charged particle
flux up to 300 kHz/cm? can be made. These values over-
pass significantly the ones anticipated for the inner zone of
the CBM - TOF wall. The increase of the current in time
during irradiation could be due to the high charge density
accumulated in the gas, at a given rate of the gas flow. This
is demonstrated by the smaller slope of the curves mea-
sured at 8 1/h in comparison with those measured at 4 1/h
gas flow. The decrease of the current during the breaks be-
tween two successive gamma exposures is shown in Fig. 2 -
right. As it has been expected, a faster recovery is observed
for the larger gas flow. Because the gas mixture contains
tetrafluoroethane, isobutane and sulfur hexafluoride, radi-
cals containing fluor (hydrofluoric acid, carbon tetrafluo-
ride, etc.) and different ions which are capable to damage
the glass surface and the nylon fishing line used as spacers
could be created, as well as hydrocarbons which deposits
on the glass surface.

After successive exposures to gamma rays summarizing
more than 40 hours, a charge of 0.127 C/cm?2 was accumu-
lated. At this step the counter was taken out from the cave
and transported in the detector laboratory for detailed in-
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vestigations. Typical parameters to be investigated are dark
current, dark counting rate, mapping of the possible mi-
crodischarges and efficiency. In order to study these param-
eters, 16 strips were equipped at both ends with front-end
boards based on NINO chip and V1290A CAEN TDCs.
First of all, a mapping of the operated area was performed
using cosmic rays. In Fig. 3 it can be seen that one impor-

Y position (channels)
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Figure 3: 2D and 3D plots of the cosmic ray mapping.

tant source of the high dark rate measured after the irradia-
tion is the area around the spacers. This effect on the area
around the nylon line was observed not only on the pow-
ered counter but also on an other one which was passively
exposed, without applied high voltage. In parallel, the evo-
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Figure 4: Dark current (left) and dark counting rate (right)
post-irradiation recovery.

lution of the dark current and dark rate were monitored for
about two weeks. A decrease of these parameters has been
observed in time, as it is shown in Fig. 4 - left and Fig. 4 -
right, respectively. The decrease is faster in the first few
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Figure 5: Efficiency before and after irradiation.

days of recovering and reaches a plateau after about two
weeks, when a 25 nA dark current and 2.75 Hz/cm? dark
rate were recorded. These values are still decreasing, but
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much slower. Moreover, a quantitative estimation of the ef-
ficiency at 2 x 5.5 kV (in the efficiency plateau) shows only
2% decrease (93%) in comparison with the value measured
before the irradiation (95%), as it is shown in Fig. 5.

After these tests, the detector was disassembled and all
components had been carefully inspected. Different kind
of depositions were observed on the two sides of the glass
electrodes. While the side facing the cathode electrode
showed thick colored deposition which can be washed out
with distilled water, as it is seen in Fig. 6 - left, the surface
facing the anode shows a deposition with more attenuated
colors but which cannot be easily removed from the surface
(Fig. 6 - right). Detailed studies concerning the elemental,

Figure 6: Side facing cathode - left and anode - right.

chemical compunds, electrical properties, etc. of the de-
posited layers are in progress. The color and flexibility of
the nylon line were also changed, without a change in its
mechanical property.

Foreseen to be operated in high counting rate for about
two months per year for a ten years period, all compo-
nents of the CBM experiment have to be tested such that
the aging effects will not deteriorate the performance of
the equipment during its expected life time. These prelim-
inary studies will be continued with a reassembled counter
with a gas flow guided through the gas gaps in order to re-
move faster the ionization charge from the gaps. It will
be exposed to a reduced dose rate in a sequence which
could be extrapolated to the aging process during the op-
eration months of CBM experiment. A new design of the
MSMGRPC which aims to reduce the observed effects is
in progress.
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A potential Sealed MRPC to solve gas pollution for high luminosity CBM-TOF

Botan Wang, Xiaolong Chen, Yi Wang*, and Dong Han

Key Laboratory of Particle and Radiation Imaging, Department of Engineering Physics,
Tsinghua University, Beijing 100084, China

Sealed MRPC is a novel structure to reduce the gas vol-
ume for the MRPC gas container. It uses a 3D-printed
sealing frame and two outermost glass electrodes to form
a gas-tight chamber, which has much lower gas volume
than the gas box in conventional uses. A sealed MRPC
prototype was produced and tested using TRB3 cosmic
test system [2]. The prototype has a geometry mostly the
same as the CBM-TOF MRPC2 (former MRPC3a) detec-
tor: 2x4 gas gaps of 0.25 mm width, 7 mm strip width and
3 mm strip gap, and yet the 30.4x25 cm? active area is
smaller due to the extra space for the sealing frame. It fea-
tures a much lower gas volume of 170 mL. The prototype
has the same working point at 5.4 kV with standard gas
flow (Freon/iC4H;¢ = 90/5/5), where the efficiency reaches
98% and the systematic time resolution is around 60 ps.
It should be highlighted that these excellent performances
were maintained in a continuous operation of over 3 weeks,
in an extremely low gas flow of 1 mL/min.

The results above encourage the related study on the ex-
perimental applications, especially for high luminosity sit-
uations like CBM-TOF, because the improved rate of gas
exchange is approved by simulation to help regulate the
pollution concentration in gas gaps [1]. As a gaseous de-
tector, the ionization and avalanche in an MRPC will disso-
ciate working gap molecules into F~ and other fragments.
Clearly, a higher counting rate will lead to a higher rate
of pollutant generation in gas gaps. The pollution related
effects have been observed in STAR-MTD MRPCs [3],
and in Tsinghua laboratory as well. An MRPC2 counter
was irradiated by an X-ray source when the unexpected
current growth was observed. The incident flux was esti-
mated about 5.5 kHz/cm?, widely distributed on the whole
active area of 33x27.6 cm?. During the exposure of 4
hours, the operating current rise in a slope of 40 nA/h,
while the counting rate remained constant. Similar growth
of 18 nA/h rate was also obtained during a 72h irradiation
on another prototype [4] with 32x0.108 mm gas gaps and
25.8x8 cm? active area. It is still not clear about the exact
impact on MRPCs, but the current growth is a negative sig-
nal that may lead to problems in terms of noise and aging.
Thus, it is necessary to develop a high rate version of the
sealed MRPC for further investigations.

A high rate sealed MRPC prototype has been assem-
bled. Concerning of the weak mechanic strength of the
low-resistive glass, The outermost glass plates cannot be
used as the panels of the sealed chamber. Instead, thin
PMMA plates of 1 mm thickness are used. On the inner
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Figure 1: The current growth observed under X-ray irradi-
ation on an MRPC2.

side of each panel, a square-shaped groove is reserved for
the placement of High Voltage (HV) conductor, as shown in
Figure 2. The prototype has the same geometry as MRPC2:
2x4 gas gaps of 0.25 mm thickness, 7 mm strip width and
3 mm strip gap. However, the total gas volume is as low as
170 mL. In former tests on the sealed prototype with float
glass, the HV application could be safely started within 2
hours after we purged the chamber in a 20 mL/min gas flow.
This favorable feature has been maintained on the high rate
sealed MRPC prototype.
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Figure 2: Structural view of the high rate sealed MRPC
prototype.

The prototype was tested in cosmic rays along with 2
MRPC?2 counters in the TRB3 test stand. The PADI thresh-
old was set to 300 mV during test. The 3 MRPCs were
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piled with the prototype under test on the top. This layout is
to test the prototype with X-rays, which will be discussed in
the following. Standard gas mixture (Freon/iC4H;0/SF¢ in
a fraction of 90/5/5) was streamed to the counters. The gas
flow is 10 mL/min for the sealed prototype and 60 mL/min
for the gas box that places two MRPC2 counters. Figure
3 shows the HV scan results which indicate a good perfor-
mance under the low flux situation. The prototype reaches
the working condition at 5.4 kV, which corresponds to an
electric field of 108 kV/cm in gas gaps. The plateau effi-
ciency is 97%, with a 1.6 cluster size and a 100 ps flight-
time resolution. If we reasonably expect the same timing
precision between two MRPCs, the systematic time reso-
lution of the prototype is about 70 ps. During test, the
dark current and the noise rate kept in reasonable levels,
at around 20 nA and 1.5 Hz/cm? respectively.
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Figure 3: The performance of the high rate sealed prototype
under cosmic rays.

In X-ray test, the source was placed on the top of the
counter. Caused by the low energy, only the sealed proto-
type on the top can be tested in beam. The X-rays have
a wide range to realize a full irradiation to the prototype.
In the test, the counting rate was recorded by TDC, and
the current of the counter was monitored by the HV power
source in a precision of 10 nA. In cosmic background, the
readings were both very low, as described former. The gas
flow to the sealed prototype is 30 mL/min during the X-ray
test, which indicates that the gas exchange of the whole gas
volume can be realized in several minutes. The prototype
was tested in a continuous run that lasts 9 hours. Figure

Time-of-Flight Detector

4 shows the current behavior since the X-ray was on. The
prototype was first luminated for more than 6 hours, with
the X-ray source operated in 42 kV /0.3 mA. The counting
rate kept at 3.4 kHz/cm?, simultaneously the current of the
counter was stable around 5 pA. For 6 hours there was no
sign of rise on the MRPC current, and the fluctuation was
ranged within 20 nA. Afterwards, the flux was reinforced
or intermitted for several times to see the current response,
with the details found in Figure 5. It can be found that the
current response is quite stable at various rate conditions,
and is highly sensitive with changes. In Figure 5, when the
X-ray was shut down, the current dropped to the dark cur-
rent level of 30 nA in less than a half minute. The X-ray
test has offered the potential prospect of the sealed MRPC
to deal with mass pollutant production at high rate.
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Figure 4: The current of the high rate sealed prototype un-
der full X-ray irradiation. The current at the early 6 hours
remains unchanged as well.
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Figure 5: The Current decay since the X-ray was shut
down.

In conclusion, a high rate sealed MRPC prototype has
been tested in cosmic and X-rays. Excellent performance
of 97% efficiency and 70 ps systematic time resolution is
proved at low rate. Stable current behavior, which differs
from that on the common MRPC with gas-streaming box,
has been verified under X-ray full irradiation in the count-
ing rate up to 5 KHz/cm?. The sealed MRPC may develop
as a solution for the high-rate CBM-TOF.

More investigations and tests in terms of material, aging,
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or performance should be quickly started. Two high rate
sealed prototypes are in shipment to GSI for further inves-
tigations. And more prototypes are being produced in case
of the scheduled high rate tests. It is also believed that the
manufacturing technique can be more improved and profi-
cient during this process.
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Precise measurement of the parameters of gas mixtures based on Freon and
HFO: 2020

X. Fan', L. Naumann', M. Siebold', D. Stach', M. Loeser', L. Kalipoliti'?, and B. Kaempferl

'Helmholtz-Zentrum Dresden-Rossendorf (HZDR), Dresden, Germany; 2University of Crete, Heraklion, Greece

A laser test facility is developed in HZDR to measure the
gas parameters of gaseous detectors under the high homo-
geneous electric field and atmospheric pressure [1]. It uses
a focused pulsed laser to ignite primary ionization in the
gas. We have achieved micro-meter spatial accuracy and
picosecond pulse duration. For this experiment, we assem-
bled a Resistive Plate Chamber (RPC) detector prototype
with quartz windows to allow laser input. (Figure 1)

HV Input

Signal Output

Supports

RPC Sample

Laser Window

Figure 1: The RPC prototype.

RPC detector is used in the Time-of-Flight (TOF) system
of Compressed Baryonic Matter (CBM) experiment. It is a
type of gaseous detector with a high homogeneous electric
field within its gas gap. In CBM experiments, the TOF
detector is required to work at particle fluxes on the order of
1to5 kHz/cm? for the outer region and 5 to 25 kH z/cm?
for the central region[2].

The goal of this research is to perform a reliable mea-
surement of the electron avalanche parameters (effec-
tive Townsend coefficient sy and electron drift veloc-
ity varif¢) for two kinds of gas mixtures: the standard gas
for timing RPC based on Freon (R134a), and a potential
eco-friendly HFO-1234ze gas that could potentially replace
Freon.

Various gas mixtures are measured in the experiments,
including the standard RPC gas with 85% Freon + 10%
SF¢ + 5% iso-Butane, and several gas mixtures with HFO
+ SFg + iso-Butane. The gas flow is set to 30m.L/min.

The high voltage is applied to the electrodes of the RPC
prototype. The field strength is around 100kV/cm in the
RPC to perform like a realistic timing RPC. The parameters
are measured on various field strengths.

The primary ionizations are ignited by the laser, and an
electron avalanche is formed. A signal is read out from
the electrodes and amplified by a 40dB pre-amplifier, and

finally read by the oscilloscope. An automatic DAQ system
is established to record and analysis the waveforms. The
gas parameters can then be obtained from the waveforms,
as presented in Figure 2.
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Figure 2: The waveforms with different drift lengths for
avalanches.

The experimental data on Freon gas mixture shows that
Vgrif¢ 15 comparable to the values from simulations in all
the field strengths that are tested. Similar vg,;7; values ap-
ply for HFO gases, too, showing that v,; s; is not sensitive
to conditions.

However, differences is discovered between the a. sy of
Freon gas mixture and simulation results[3] or the results
measured in reduced pressure and field[4]. The results are
shown in Figure 3.
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Figure 3: Effective Townsend coefficient for R-134a gas
mixtures.

It can be concluded that:
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e At the field strength of around 50kV/cm, the mea-
surement s ¢ is in agreement with the simulation.

From 50kV/em to 100kV/em, the measurement
value separates from simulation value eventually, until
it is approximately half compared to simulation value
at around 1005V /cem.

aefr saturates after the field strength is around
100kV/cm. There is not a significant increase of cvc s ¢
before breakdown.

The measurement of a.sy for HFO gases is then ob-
tained and compared to the values of Freon gases. The
results are shown in Figure 4.
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Figure 4. a.yy on dependence of the SFg percentage in
HFO gas mixture.
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Figure 5: a. ¢y on dependence of iso-Butane percentage in
HFO gas mixture.

Figure 4 shows the oy of HFO gas mixtures with a
fixed percentage of iso-Butane and various percentage of
SFg. Comparing the data with 0% and 2% SFg, the dif-
ference is significant. On the other hand, a.s; does no
differ significantly when the percentage of SFg is from 2%
to 10%.

Figure 5 shows the o,y of HFO gas mixtures with a
fixed percentage of SFg and various percentage of iso-
Butane. Similar to former results, a. s is sensitive to the
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presence of iso-Butane, but less sensitive to its percentage
when above 3%.

From the gas parameters of various HFO gas mixtures,
we can conclude that:

e o,y of HFO gas mixtures is on the same order of
magnitudes compared to Freon mixtures.

e compared to Freon, HFO gas mixtures break down
right after a specific field strength depending on the
percentage of SFg or iso-Butane, but no plateau of sat-
uration is found.

There is not a direct replacement between the two gases.
Further research is needed to replace Freon gas mixture
into a more eco-friendly gas.
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Systematic evaluation of eTOF performance in the STAR RUN20
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A systematic evaluation of the performance of CBM-
TOF counters in the Run2020 of STAR has been done. Im-
provements in the calibration procedure and a more stable
determination of the performance observables (time res-
olution and efficiency)lead to significantly improved re-
sults compared to the preliminary work presented last year.
It is shown that the detectors were operated close to the
CBM-TOF performance requirements of a detector effi-
ciency > 95% and a full system time resolution < 80 ps.
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Figure 1: Counter efficiency determined from counter over-
lap in /s = 7.7 GeV fixed target data.

In this analysis, the detector efficiency has been deter-
mined directly from the eTOF system, making use of the
overlap region between eTOF modules. For each of the
twelve eTOF sectors, one of the modules is partially be-
hind a module of the previous sector. In this region, hits on
the rear module which suffice the cut criteria (matched to
a primary TPC track, matching distance to track < 3cm,
p > 1.0GeV/e, B > 0.95) are considered reference hits.
On the front detector, an intersection point is calculated
from a straight line between the reference hit and the ver-
tex. Any hit on the front detector within < 8 cm radius
around this intersection point is considered a matched DUT
(detector under test) hit. The detector efficiency is the
fraction of reference hits for which at least one matched
DUT hit is found. This efficiency is evaluated in 2x2cm
bins across the surface for the reference detector. Figure 1
shows for most detectors a region in the center of the over-
lap with an efficiency > 90% (yellow or red areas), with a
lower efficiency on the edge of the overlap region. Sector
23 is largely inefficient due to extremely high noise.

From the time difference between these matched pairs
of reference hits and DUT hits, one can also determine the
time resolution of eTOF without relying on other STAR
subsystems. Figure 2 shows the combined time resolution
of DUT and reference. Assuming equal contributions from
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Figure 2: system time resolution determined from counter
overlap in /s = 7.7 GeV fixed target data.
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Figure 3: system time resolution for each counter with re-
spect to the STAR TPC in /s = 7.7 GeV fixed target data.

both counters, corresponds to single counter resolutions be-
tween 53 ps and 60 ps with a mean of 57 ps.

This time resolution measurement in the overlap has to
be put in agreement to a measurement of the time reso-
lution against the start time provided by the STAR bTOF.
In this method, the time difference between the eTOF hit
and an expected pion time is measured. The expected
pion time is calculated from the STAR start time, the track
momentum from the TPC and a pion hypothesis. Figure
3 shows the width of the pion band for a momentum of
1.0GeV/c < p < 1.5 GeV/c for each counter. This width
corresponds to the time resolution of the combined sys-
tem. The start time resolution can be estimated under the
assumption of independent measurements to be ~ 33 ps.
Substracting the start time resolution and the previously
measured mean counter time resolution as well as ~ 38 ps
electronic resolution leaves a residual effect of ~ 52 ps to
be understood. This effect is assumed to be connected to
the TPC track extrapolation as a similar effect can be seen
in the STAR bTOF.
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Projectile Spectator Detector - Summary

Fedor Guber for the CBM PSD working group

Institute for Nuclear Research of the Russian Academy of Sciences, Moscow, Russia

The CBM PSD project has made substantial progress in
various fields in 2020. Main achievements are highlighted
hereafter and are further detailed in the individual contri-
butions of this chapter.

The greatest successes in context with FAIR phase 0
were the successful participation of the CBM PSD group in
the upgrade of forward hadron calorimeters in the BM@N
(JINR, Dubna), and in the NA61/SHINE (CERN) exper-
iments as well as participation in mCBM beam runs in
spring 2020. Significant progress is achieved in the devel-
opment of centrality determination methods and calibration
of the calolorimeters.

The new Forward Hadron Calorimeter (FHCal) at the
BM@N including twenty CBM PSD modules has been
fully assembled [1]. All modules of the calorimeter are
equipped with frond-end and readout electronics. For the
data readout 8 ADC64s2 boards are used. Each board can
read up to 64 differential input signals. All boards have
been integrated into the common DAQ of the BM@N ex-
periment. Presently, the FHCal is ready for commissioning
and calibration. The first BM@N beam runs are expected
in the fall 2021.

In 2020, the PSD group continued the work on the up-
grade of the NA61/SHINE forward hadron calorimeters.
Here 13 CBM PSD modules have been used in upgraded
Main PSD (MPSD) [1]. During the analog electronics up-
grade, the HV control of the HAMAMATSU MPPCs has
been changed. The temperature stabilization of MPPCs
gain is provided by adjusting the supply voltage accord-
ing to the temperature of MPPCs. The same approach is
planned to be used at the future CBM PSD. Amplitude-
to-digital converters based on DRS4 chip will be used
to read out of the MPSD at the NA61/SHINE. The cos-
mic data were collected for modules calibration. The first
NAG61/SHINE beam runs are expected in the fall 2021 for
testing and calibrating the MPSD.

The biggest effort, however, was put to test mPSD dur-
ing mCBM 2020 campaigns. The prototype of the CBM
PSD readout system has been developed and constructed
[2]. The prototype included frond-end electronics (FEE)
addon board and ADC FPGA readout board. Concep-
tual firmware and software parts were implemented in the
mCBM DAQ and successfully tested at beam interaction
rates up to 10 MHz [3], close to the final CBM environ-
ment. This firmware concept will be used for final CBM
PSD setup. The data from the mPSD detector is trans-
mitted to the mCBM common DAQ using the DPB board
with modified firmware. The received data packets is mon-
itored by the number of read GBT words. The control of

all transmitted information is carried out online with devel-
oped software module for data monitoring.

In the CBM, as well as in the BM@N and the
NAG61/SHINE experiments hadron calorimeters have a
beam hole in the center, which is motivated by high ra-
diation doses in central area of calorimeters. This feature
gives no possibility to determine the centrality in heavy ion
reactions only from the measurement of total energy depo-
sition in the calorimeter. Therefore, new approach using
machine learning methods was developed in 2020 to solve
the problem of centrality determination with such type of
calorimeters. This approach combines the total energy de-
position in the calorimeter with the energy distribution of
particles over full calorimeter surface [4].

Due to the unavailability of a muon beam at the CBM
as well as at the BM@N, the PSD and FHCal cannot be
calibrated directly on the beam. Taken into account a mod-
ular structure of the calorimeters and a sectional longitu-
dinal segmentation of each module, a tracking method of
energy calibration of the sections with cosmic muons was
developed [5]. The muon tracks in this method are recon-
structed with an algorithm, which searches for tracks in the
3D space of the calorimeter sections. Then, energies de-
posited in the sections of the calorimeter are corrected to
the track length in the sections. The results of the devel-
oped method of energy calibration of FHCal modules by
cosmic muons demonstrates an improvement in the cali-
bration accuracy and the efficiency.

One of the very important achievement in 2020 was the
successful site acceptance test of the upper part of the sup-
port platform for the PSD, which has been performed in
mid-September 2020 in the FAIR [6]. This PSD support
frame allows horizontal and vertical movement of the PSD
with the precision of millimeters as well as rotation of the
whole PSD with the weight about 23 tons around vertical
axis. The platform was designed and build by Czech team
and successfully tested.
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Development of PSD modules energy calibration with cosmic muons
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Sergey Morozov
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The PSD will measure signals from the minimum ion-
izing particles, which correspond to the energy deposition
of about 5 MeV in calorimeter section, and up to about 1
GeV observed in sections in heavy ion collisions. The cal-
ibration of calorimeter is complicated due to the small am-
plitudes of the muons which are comparable to the noise
signals.

The developed waveform fitting procedure, based on the
Prony least squares method [1], allows to select the true
events near the noise level and to accurately measure the
signal charge. This technique was chosen due to the un-
precedented speed of signal processing, since it requires
only solving a single system of linear equations. The true
signals are then selected by the developped fit quality as-
sessment criterion, R2, measuring the agreement of the
ADC waveform and the resulting waveform fit. The se-
lected signals are then used in a new approach to muon
calibration.

Figure 1: 3D-view of a muon track in the FHCal.

Since muon beams are unavailable at the CBM setup,
energy calibration of the PSD can only be performed by
using cosmic particles. This is complicated by variation of
deposited energy dependending on the track position and
orientation.

However, longitudinal and transverse segmentations of
the calorimeter allow to reconstruct muon tracks to improve
calibration efficiency. The procedure of cosmic muon track
restoration is performed in two steps. First, the center of
gravity of deposited energy in the sections of the calorime-
ter is found. In the frame of reference associated with the

center of gravity, the track of the cosmic muon is deter-
mined only by its direction vector. The search for the di-
rection vector is constructed using the least squares method
and is described in detail in [2].

The procedure of the cosmic muon calibration of
calorimeter sections was tested with first data of the up-
graded FHCal of the BM@N experiment, JINR, Dubna,
Russia within the FAIR phase 0 program.

An example of the cosmic muon spectrum in one of
the FHCal sections is shown in Fig.2. The blue spectrum
shows the integral of the waveform of the signal; yellow -
the integral of the corresponding fitting function; green -
the integral of the fitting function, corrected for the length
of the cosmic muon track in the section; the red line is the
fit of the final distribution by the composition of the Lun-
dau and Gaussian functions.

The developed calibration method has good precision
and drastically reduces the time of the FHCal calibration
by using almost all cosmic muon events.
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Figure 2: Track length correction in one of the FH-
Cal@BM@N sections.

References

[1] N. Karpushkin, F. Guber, and A. Ivashkin, Application of the
Prony least squares method for fitting signal waveforms mea-
sured by sampling ADC, AIP Conf. Proc. vol. 2163 (2019)
030006

[2] S. Morozov et al., Methods of signal processing and cosmic
muon calibration for the BM@N sampling lead/scintillator
hadron calorimeter, JINST 15 (2020) no.05, C05050

125



Projectile Spectator Detector

CBM Progress Report 2020

Development of the PSD electronics
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Development of the readout chain and service equipment
architecture of the PSD has been done in 2020. It is pre-
sented in the Fig.1:

o] M

PSD module

PSD module Readout

Power delivery backplane

Readout rack

Figure 1: PSD electronics architecture schematic diagram.

The PSD electronics architecture consists out of a set
of readout and service boards and radiation-hard front-end
electronics (FEE) boards. Front-end boards are mounted
directly onto the PSD modules, where high radiation doses
are expected. Readout boards and a service board are
placed in the readout rack, located in a radiation-safe en-
vironment. The readout part is connected to the front-end
part via 40-60m long signal cables. [1]

The FEE boards host MPPCs, a temperature sensor (PTC
thermistor), optical calibration LED, cable connectors and
optical crosstalk protection hardware. These boards pro-
vide direct load of the MPPCs into 50 Ohm coaxial cables.
FEE boards are fully designed, and a first batch of boards
has been produced. One of them is currently assembled
(shown in Fig.2) and is being used for testing purposes.

Optical protection hardware resulted in a reduction of
MPPC’s dark current and subsequent thermal noise reduc-
tion — from 200 nA to 80 nA per MPPC.

Readout module is an assembly of the ADC interface
board and the ADC board itself (Fig.3). The ADC board
used was initially designed for the ECAL detector of
PANDA experiment. ADC interface board hosts single-
ended to differential converters with adjustable input and
output zero level, as well as high voltage correction cir-
cuit. High voltage correction is done through common
mode compensation: board may apply a DAC-controlled
DC voltage onto a signal line, adjusting the common 80V

Figure 2: Front and rear side of the FEE board.

MPPC supply for each of the channels individually, leaving
the AC signal unaffected. Both of the boards are designed
and a first batch of boards has been produced. One of the
assemblies is currently completed and used for testing and
firmware development.

Figure 3: The design of the readout module.

Service board is a multi-functional unit, designed to
serve PSD needs (Fig.4), that are not related to the signal
chain. Service board hosts a high voltage supply for bias-
ing the MPPCs, as well as monitoring of the MPPCs cur-
rent with automatic protection against overcurrent, temper-
ature sensor interface through resistance-to-digital convert-
ers, optical calibration LED pulse generator and drivers.
Operation of the board may be controlled directly through
manual switches or remotely via a slow control interface.

Control commands and configuration from DCS trans-
lated with single GBT link to ADC board and rerouted to
MCU mounted on service board via I2C interface.

An evaluation version of the Service board has been de-
veloped, manufactured and is undergoing verification and
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firmware development. Evaluation board may be easily
scaled into a full-scale version.

Figure 4: The service board design.

Since the readout part and the Front-end part of the
PSD’s electronics are connected via long signal cables,
the cable’s properties are very important for the system’s
functionality. Hence, a characterization process has been
started to pick a suitable cabling option. Currently, three
variants of signal cables of various lengths have been
tested. Results of the frequency response tests are shown
in the Fig.5. Mean RMS noise of the whole readout chain
as measured at ADC is around 0.2 mV, with little depen-
dence on the cable used.

Cable frequency response
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Figure 5: Results of the frequency response tests.
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At the end of 2019 and beginning of 2020, beam tests
at mCBM@SIS18 were carried out with Au and Pb ions
at 1.01 - 1.22 AGeV energy range. Test of the mPSD pro-
totype as a part of mCBM experiment allows to approve
and verify the feasibility of the PSD readout concept. The
prototype includes crucial parts of the readout such as Ad-
don prototype board and ADC FPGA readout board. In this
setup, Addon incorporated only the single-ended to differ-
ential converters and the necessary power systems. Photo
of the assembled mPSD electronics setup is shown in fig-
ure 1.

Figure 1: Photo of the ADC board assembled with the Ad-
don board prototype (left); photo of mPSD module con-
nected to FEE (right; 1 - Addon and ADC assembly, 2 -
mPSD, 3 - MPPC board)

The ADC FPGA board was connected to mCBM DAQ
via GBT protocol used for data transport, clock distribution
and configuration purposes. ADC was used in 80 Msps dig-
itization mode. Each channel is triggered independently by
amplitude threshold crossing and extracts data points from
the waveform of the input signal measured in a fixed gate.
ADC takes data in trigger-less readout mode according to
CBM DAQ requirements. In addition, prototypes of all cru-
cial software parts such as data unpacker, event building
and data monitor were developed and tested.

One of the prime aims of mCBM is to test and validate
the data processing concept and the reconstruction software
which are being developed for the full CBM experiment.
mCBM thus will be a demonstrator for the computing con-
cept of CBM, including the reconstruction of events and
selection of data in real-time and the full offline data analy-
sis. It is thus planned to use already existing software com-
ponents as far as possible for both online and offline com-
puting in mCBM. The challenge of the trigger-less readout

is time synchronization and event building procedure. It is
necessary to construct events from signals based on their
time stamps while data processing.
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Figure 2: TO-mPSD time correlation (top); mPSD energy
deposition in first section (bottom)

The conducted tests have shown the correctness of the
chosen concept. The data analysis is in progress.

References

[1] D. Finogeev, F. Guber, N. Karpushkin, A. Makhnev, S. Mo-
rozov and D. Serebryakov, “Development of readout chain
for CBM Projectile Spectator Detector at FAIR,” J. Phys.
Conf. Ser. 1690 (2020) no.1, 012059. doi:10.1088/1742-
6596/1690/1/012059

[2] Serneguet Sorli, A. (2015). A multichannel digitizer for the
PANDA experiment. http://hdl.handle.net/10251/56722.

[3] Finogeev, D. et al., Readout system of the CBM Projectile
Spectator Detector at FAIR JINST 15 (2020) no.09, C09015
DOI: 10.1088/1748-0221/15/09/C09015

128



CBM Progress Report 2020

Projectile Spectator Detector
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The CBM PSD project has substantial progress in 2020
in preparation to CBM experiment. Twenty of already con-
structed CBM PSD modules have been used for the assem-
bly the new FHCal at BM@N experiment. The FHCal has
been assembled and equipped with FEE and readout elec-
tronics and installed at the BM@N. The first tests on the
cosmic muons has been done. The photo of the calorimeter
is shown in Fig. 1.

Figure 1: Left, photo of the FHCal front view installed on
the BM@N. Right, rear view of the calorimeter with in-
stalled FEE and readout electronics.

Other 13 PSD CBM modules have been used to upgrade
the main PSD at the NA61/SHINE experiment at CERN.
Four of them with tapered edges are used at the center of
the calorimeter to provide the beam hole 60 x 60mm? and
other 9 modules are placed on the top and lateral sides of
the calorimeter. The photo of upgraded main PSD is shown
in Fig. 2.

Figure 2: The upgraded NA61/SHINE MPSD which uses
13 CBM PSD modules.

The CBM modules are read-out with digitizers. At
BM@N experiment the 64-channel ADC from AFI elec-
tronics (Dubna) is used. The NA61/SHINE experiment will
use DRS4 based read-out boards. An example of testing the
modules on cosmic muons is shown in Fig. 3.
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Figure 3: The cosmic muon calibration result for one sec-
tion of PSD module at NA61/SHINE experiment. Blue:
signal waveform integral. Green: signal integral corrected
for the cosmic muon track length in section. Red: Landau
convoluted with Gauss fit result.

The results of cosmic muon calibrations are led to the
“passport” of module showing the calibration parameters
for all sections of the module. An example of “passport”
for one of the modules is shown in Fig. 4.
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Figure 4: The cosmic muon calibration results for one PSD
module.
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Status of PSD platform development*
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Introduction .

This article describes the PSD manipulator final design
and conceptual design of the manipulator support structure. BEEEE N
Development and requirements of the manipulator are de- L
scribed in CBM Report 2018 [1].

The CBM PSD Plaform consist of two separate parts.
The PSD manipulator which allows to move the PSD in
three directions and is able to accommodate two different
configurations of PSD and the manipulator support struc-
ture which keeps the manipulator respectively the PSD it-  Figure 2: PSD manipulator (with 46 PSD configuration) in
self in the height of approx.5 meters. all extreme positions and in working position.

il
o
.
.

PSD Manipulator PSD Manipulator Support Structure

The first conceptual design of the PSD manipulator sup-
port structure can be seen in Fig. 3.The support structure
(blue frame) is designed as simple steel structure sitting on
two parallel rails to bring the PSD to required beam Z po-
sition.

Figure 1: PSD manipulator 3D model overview with two
PSD configurations. Left - 46 modules, right - 44 modules.

The PSD manipulator with two different configurations
of PSD is shown in Fig. 1. The manipulator consist of three
frames (in blue) and detector cage (in yellow). The base
frame with one servo motor allows to move the PSD in
horizontal direction within the range of +/-900mm. The Y-
frame with four servo motors and lifting gearboxes sitting
on the base frame allows to move the detector in vertical
direction within the range of +/-700mm and the rotation
frame with two servo motors allows to rotate the detector
within the range on +/-2.5deg.

In the Fig. 2 there can be seen the manipulator with the
PSD in all extreme positions and in working position. The
ranges of movements are designed to be able to set work-
ing position of PSD, to target each PSD module with the
beam and to set out of beam/parking position (underlined
in red). The parking position is required for experiments
setups where the PSD is not needed.

Figure 3: Conceptual design of the PSD manipulator sup-

Work  supported by FAIR-CZ-OP  (CZ.02.1.01/0.0/0.0/16 port structure.

013/0001677) and by FAIR-CZ (LM2018112)
 martin.janda@cvut.cz
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FE Analysis

The finite elements analysis of the PSD platform is
scoped to earthquake resistance as it is mandatory for all
mechanical structures at GSI. Requirements and methodol-
ogy is described by technical guideline [2].

Weight of the PSD is concentrated in its center of gravity.
From this point the load of the PSD and the PSD cage (ap-
prox. 23tons) is distributed using rigid links to four corners
of the manipulator rotational frame - the frame the PSD
with its cage is sitting on.

In the Fig. 4 can be seen the deformation of the platform
loaded by its own weight, weight of the PSD and by defined
seismic action.
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Figure 4: Deformation of the PSD platform.

In the Fig. 5 can be seen first two modal shapes of the
platform with natural frequency of 3.705Hz and 6.109Hz.

Mode shape 1: f = 3,705 Hz Mode shape 2: f = 6,109 Hz

Figure 5: Finite elements modal analysis of the PSD Plat-
form.

Conclusion

The manipulator was successfully finished and delivered
to GSIin mid of 2020. In Fig. 6 is a photo of the manipula-
tor in GSI storage facility after successful side acceptance
test. Plan for next year is to update the design and FE analy-
sis of the bottom part of the platform support structure. The
design must be adopted to be able to place the platform on
a CBM experiments carriage. This carriage is going to be
the same for all experiments in CBM experimental cave.
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Simulations of PSD performance at different energies
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The Projectile Spectators Detector (PSD) [1] is hadronic
calorimeter dedicated to centrality and reaction plane de-
termination using the spectators energy. The PSD is posi-
tioned at 8 meters and consists of 44 modules, each with
20 x 20 cm transverse dimension. The PSD has a polar an-
gle acceptance of 0.2° < # < 2.6° with 20 x 20 cm beam
hole in the center.

Spectators energy measured with PSD can be used as
the centrality estimator. Similar to the centrality classes
defined by the produced particle multiplicities [3], one can
introduce centrality classes based on spectator energy or
their number according to the following formula:

1 E do

Oinel

Here FE is either the energy of spectators (e.g. measured
using PSD) or their multiplicity Nyp.. (e.g. registered
with a scintillator counter). Energy of projectile spectators
might be modeled using parameters of collision geometry
(b, Ngpec) sampled from the MC-Glauber model [4, 5]. De-
tails of procedure for centrality determination with PSD see
in dedicated report.
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Figure 1: Correlations between energy measured in PSD
detector and multiplicity of reconstructed tracks for DCM-
QGSM-SMM and UrQMD models for different energies
(12, 5.36 and 3.3 AGeV/c) and centralities (minbias and
central 0-10%)

To investigate performance of CBM detector and of PSD
particularly Au-Au events at different energies are simu-
lated. To generate collisions UrQMD and DCM-QGSM-
SMM model are used. After this generated events are trans-
ported through CBM setup with GEANT4 package.

One of the main results of this procedure can be found
on Fig. 1. There are correlations between energy measured

- 0.2
o 4-subevent, STS n* CBM performance
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+ s R DCM-QGSM-SMM ~Rix
0.15 4
01—
0.05-

Centrality (%)

Figure 2: reaction plane resolution of the PSD.

with PSD and reconstructed tracks for DCM-QGSM-SMM
model with fragments and for UrQMD modrl for three dif-
ferent energies (12, 5.36 and 3.3 AGeV/c) and two dif-
ferent centralities (minbias and central 0-10%). Central
events was selected on generator (UrQMD) level according
to CBM Events Preselection procedure based on informa-
tion about produced charged particles tracks.

In the low multiplicity range on upper panels of Fig. 1
we can see breaking of the anticorrelation between PSD
energy and multiplicity of reconstructed tracks. This ef-
fect observed due to 20cm hole in center of PSD detector.
Also from this correlations one can make a conclusion re-
garding the procedure for determination using PSD energy.
For all energies strong dependencies of collision geometry
and PSD energy were observed. Therefore this observable
might be used as centrality estimator.

Symmetry plane resolution correction factors
R AB,C,D} were calculated with the 4-subevent
method, which reduces the bias from additional correla-
tions between PSD subevents.
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The superconducting dipole magnet of the CBM experiment
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After approval of the Preliminary Design Review in De-
cember 2019, the work in 2020 focused on the prepara-
tion of the Final Design Review. However, it turned out
that some of the planned activities were delayed due to the
pandemic restrictions at BINP in Novosibirsk. Therefore,
it was decided to perform separate FDRs for the different
components of the magnet, in order to advance with the
construction of major parts and to stick to the time line. For
example, the FDRs of the magnet yoke and of the power
supplies and the energy extraction system are scheduled for
end of January 2021 and beginning of February 2021, re-
spectively.

One of the important tasks, which suffered from the re-
strictions, was the construction of a realistic mock-up coil
including the impregnation. The first attempts to test the
impregnation technique with a straight section of a cable
array were not satisfactory. It turned out, that the epoxy
compound with AlyO3 powder, which should harmonize
the thermal expansion coefficients of epoxy and copper, did
not fill properly the space between the wires. In a second
test, AloO3 was replaced by Boron Nitride powder, which
improved the homogeneity of the epoxy compound.

In the future, the following improvements are foreseen.
The mock-up coil will have a cylindrical shape and the wire
will be wound in a U-shaped mandrel like the real magnet
coil (see figure 1). The wire layers will be isolated by a
0.3 mm thick G-10 foil with holes. The coils will be im-
pregnated at a temperature of about 50-60°C in order to
reduce the viscosity of the compound. Moreover, the coil
will be impregnated inside a vessel at a pressure of 2-3 bar.
Meanwhile, the steel mandrel and the winding tools are be-
ing manufactured in BINP workshop.

Figure 1: Sketch of the mock-up coil with the U-shaped
mandrel and the insulation foil with holes.

Another important issue still to be clarified is the sup-
port strut of the coils. In 2019 is has been decided based
on calculations to use one big ring strut in order to reduce
the deformation of the stainless steel plate due to the mag-

netic forces, with respect to the eight single struts of the
former design. The single ring support strut is shown in
figure 2. It consists of two steel rings (indicated in yellow)
and a ring made from glass fiber reinforced plastic in be-
tween the steel rings. However, the stability of this ring
under pressure has to be checked by prototype tests, which
requires a large-area mechanical press providing a pressure
of about 300 tons, which is not available. If a realistic pres-
sure test of such a single strut is impossible, the solution
with eight struts will be reconsidered.

Support strut

Stainless steel plate
Helium cooling tube
SC winding

— Copper case

Radiation shield

Figure 2: Cross section of the upper coil with the SC wind-
ing inside the copper case and the Helium cooling tube, the
stainless steel plate the support strut, the radiation shield
and the vacuum vessel.

Connection to HADES
200 mm - checked

Figure 3: Branch box for distribution the liquid Helium to
the cryostats of CBM and HADES.

Substantial progress was made concerning the layout of
the cryogenic system. In joint discussions at several video
meetings and at a workshop at GSI, the suggestions of the
GSI experts concerning piping, valves, connections, safety
aspects, etc. have been included in the design of the branch
box (see figure 3) and of the cryostat (see figure 4). The
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branch box distributes the liquid Helium coming from a
cryo-plant to the CBM magnet, and to the feed box for the
HADES magnet.

Transfer line
B - to the Coils

Figure 4: The cryostat of the CBM magnet

The cryostat is connected to the branch box via a transfer
line of more than 30 m length. The branch box is sitting on
a balcony at the wall of the cave as shown in figure 5.

Figure 5: General view of the CBM magnet. The branch
box on the balcony is connected to the cryo plant by a trans-
fer line through the cave wall, and distributes the liquid He-
lium to the feed box of HADES on the balcony, and to the
cryostat of the CBM magnet via a 30 m long transfer line.

The magnet yoke and the pole shoes will be assembled
from steel plates of about 12 cm thickness, resulting in a
horizontal lamination of the yoke. According to ANSYS
3D calculations, the stray fied in the region of the RICH
photo detectors is 2.67 mT. Values between 3-4 mT are ac-
ceptable for the operation of the multi-anode photomulti-
pliers. At the factory acceptance test (FAT) the magnetig

Magnet

field will be mapped also in the region of the RICH detec-
tor including a prototype shielding box, in order to measure
the stray field. A drawing of the magnet yoke is shown in
figure 6. The lamination is not indicated.

Figure 6: CBM magnet yoke with field clamps and pole
shoes.

The testing hall for the factory acceptance test is ready
for construction at BINP, as illustrated by the photo shown
in figure 7.

Figure 7: Testing hall for the CBM magnet at BINP

The construction of the magnet yoke (including its sup-
port feet) and of the power supply will start in 2021, right
after acceptance of the FDRs. The next milestone in 2021
will be the FDR of the cryogenic system, which is quite
advanced. The FDR for the coil still requires impregnation
tests with a mock-up coil, and stability tests of the coil sup-
port struts. The magnet control regarding cryogenics and
safety requirements will be embedded into the GSI con-
trols systems. The Factory Acceptance Test of the magnet
is still planned for autumn 2022.
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The CBM RICH magnetic shielding box modelling
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The CBM superconducting dipole magnet has to provide
the bending power of ~1 T-m and low stray magnetic field
in the region of RICH [1]. The 3D- model of CBM dipole
magnet with RICH photodetector for the TOSCA [2] sim-
ulation is presented in Fig. 1. Three plane symmetries of
magnetic field have been taken into account. About 5-107
elements and 11.5-10° nodes have been used for 1/8-th part
of the model. The field integral is ~0.961 T"-m for the cur-
rent in each coil of 1.067 M A.

Figure 3: The back view of the RICH photodetector shield-
ing box with a door.
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Figure 4: The field distribution inside the shielding box
with a door.

Figure 1: 3D model of CBM dipole magnet with RICH

photodetectors. performed using COMSOL [3]. The value of the magnetic
field reaches ~ 1.4 mT in the significant part of the box
volume. Design of shielding box with a door is shown in
Fig. 3. The volume of the box is ~0.071 m? being al-
most the same as for Wuppertal-Giessen group design[3]
(~0.066 m?3). The total magnetic field distribution shown
o in Fig. 4 demonstrates that the field concentrates near the
2:33333‘353“’9—1-55&% surface of the box providing quite comfortable conditions

I . : for the RICH photodetector of ~0.5 mT.
1.956880E-05
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Effect of the yoke and poles lamination on the CBM magnet properties

P.G. Akishin*' and V.P. Ladygin?
ILIT-JINR, Dubna, Russian Federation; 2LHEP-JINR, Dubna, Russian Federation

The yoke and poles of the CBM superconducting dipole Surface contours: BMOD
magnet will be produced from the laminated steel. There- 2373323603
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The air gap is taken as 3 mm. Three plane symmetries of
magnetic field have been taken into account. About 6.3-107
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of the model.
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Figure 3: The field distribution inside the shielding box
designed by Wuppertal-Giessen group [4].
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Figure 4: The field distribution inside the shielding box
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Figure 1: 3D model of the 1/8-th of the CBM dipole magnet

with the yoke and poles lamination. Fig. 3 demonstrates the total magnetic field distribution
inside the shielding box designed by Wuppertal-Giessen

Title group [4]. The value of the magnetic field reaches ~ 2 mT
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Digital mockup of the CBM experiment*

P. Dahm
GSI, Darmstadt, Germany

Digital mockup

In order to seamlessly integrate all systems of the CBM
experiment and ensure a proper installation of all compo-
nents from collaborators, contractors and building services,
a complete 3D model of the future CBM building is neces-
sary. During 2020 a first version of this model was created
and made available to the collaboration. The current model
is, of course, work in progress and changes are made on an
almost daily basis. Accordingly, only several select setups
are generally published. This report provides an overview
of the existing model in general and of the currently avail-
able setups specifically.

Both available setups contain the entire CBM building,
designated LO608A (FAIR internal use) or GO14 (construc-
tion companies and contractors). The building has a total
of five floors, starting with E10, the actual cave and place
of experimental setup, and ending with E50 as shown in
Fig. 1. For all floors, the technical building infrastructure

Figure 1: Exploded view of building LO608A with all lev-
els from E10 at the bottom to E50 at the top.

(TBD) is included in the model and the planning of the ex-
periment work and storage areas as well as transport corri-
dors, can take the availability of (cooling)water, power and
gases into account.

Muon setup

Muon setup consists of, from upstream to downstream,
the MVD inside of target chamber within the STS box that
is within the dipole magnet. Behind dipole is MUCH de-
tector with all absorbers including the 5th, and downstream
detectors on the rail system are staggered behind last ab-
sorber: TRD, TOF, BFTC and PSD. As shown in Fig. 2, in
this setup MUCH detector is in its measurement position,

*P.Dahm@gsi.de

and RICH detector is placed on the upstream platform in
its possible parking position.

Figure 2: Rendered view of the CBM experiment in Muon
configuration.

Hadron/Electron setup

The difference w.r.t. Muon setup is that RICH is in its
measurement position behind magnet. The downstream de-
tectors TRD, TOF, BFTC and PSD are moved closer to tar-
get since Sth absorber is removed. MUCH, in compact con-
figuration, is placed in its parking position next to the cave
wall.

Figure 3: Rendered view of the CBM Experiment in
Hadron/Electron configuration.

Both these setups are integration study cases which aim
to investigate possible setting-up issues, but to determine
exact configurations and positions for actual runs, a prior
physics simulation is needed. In order to create the nec-
essary correspondence between mechanical and simulation
models, a regular exchange with the Physics work group
(coord. by Eoin Clerkin) has been carried out. The goal of
this joint effort is to ensure that simulated physics cases
and experiment setups are also achievable mechanically
and to optimize mechanical construction in order to min-
imize degradation of the detector performance.
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Design of beam monitors and T0-counters for CBM

A.Rost*'2 T. Galatyuk2’3, and J. Pietraszko®

FAIR GmbH, Darmstadt, Germany; 2TU Darmstadt, Darmstadt, Germany; 3GSI Helmholtzzentrum fr
Schwerionenforschung GmbH, Darmstadt, Germany

Introduction

The future Compressed Baryonic Matter Experiment
(CBM) [1] at the FAIR accelerator facility in Darmstadt
will be a fixed-target multi-purpose detector. It is devel-
oped to detect hadrons, photons, electrons and muons in
elementary and heavy ion collisions over the entire energy
range provided by the heavy-ion synchrotron SIS100, i.e.
3-11A GeV for heavy-ions, 29 GeV for proton beam. The
measurements will be performed at event rates from 100
kHz up to 10 MHz. To achieve this ambitious goal, the
complex interaction of the detector systems with their free-
streaming readout electronics and fast online event recon-
struction and selection under realistic experimental condi-
tions will be put into operation and tested at interaction
rates of 10 MHz, .i.e. with the miniCBM programme at
the already existing heavy-ion synchrotron SIS18.

The aim of this project is to develop and deliver a high-
speed time-zero (TO) detector on chemical vapour deposi-
tion (CVD) diamond basis. This detector must meet the
requirements of the time-of-flight (ToF) measurement sys-
tem for beams of protons and heavy ions. The system
should have a time resolution of better than 50 ps (sigma)
and stable long-term detector operation at high interaction
rates of 107 particles/s with a detection efficiency of al-
most 100%. The beam detectors will be integrated inside
the CBM beamline as shown in Fig. 1.

To achieve these goals, a fast detector is used in combi-
nation with fast readout electronics. At the same time, the
detector could be used for the online beam monitoring and
information on the beam profile and stability of the beam
can be obtained, i.e. its position on the target, the amount
of halo particles and the time structure of the beam.

Figure 1: CBM beamline geometry. Taken from [2].

Concept of diamond based T0 detector for
Day-1

Experiments with high-intensity heavy ion beams re-
quire fast and radiation-hard detection systems. For these

*a.rost@gsi.de

purposes, pcCVD and scCVD diamond detectors (poly-
and single-crystal CVD materials) are widely used. Its Ra-
diation hardness and excellent timing characteristics make
the diamond material an almost ideal choice for our appli-
cation. In the proposed concept we plan to develop the
time-zero start detector utilizing the commercially avail-
able electronic grade CVD diamond material produced by
Element Six [3].

In physics production experiments with heavy ions, it
could be shown [4] that a CVD diamond-based time-zero-
start detector fulfilled the requirements in terms of time
resolution and radiation hardness. The proposed CBM TO
sensor will be equipped with double-sided strip metalliza-
tion with perpendicular strip orientation. Assuming the
strip pitch of about 100 um and the beam size of about
1 cm diameter we expect to be able to measure up to
108 particles/s keeping the particle rate per channel below
of 108 ions/(s-channel), which is a moderate rate for the
available read-out system.

In the preparation phase a set of the CVD diamond sen-
sors is planned to be produced. Several pieces of CVD
diamond material produced by Element Six have been or-
dered, sliced and polished, obtaining the final thickness of
about 80 um. The sensor thickness has to be kept below
100 pm to minimize the beam interaction probability in the
sensor material and reduce the background events. The ma-
chined diamond plates for sensors have been optically in-
spected at the GSI Detector Laboratory showing excellent
surface quality, an example pictures are shown in Fig. 2.

In Q2 2021 we plan to develop and establish the final ge-
ometry of the strips. It is necessary to correctly estimate the
capacitance of the selected strip geometries in order to min-
imize the capacitive coupling between neighboring strips
and between two sides of the detector. The strip metalliza-
tion will be performed at the GSI Detector Laboratory.

The sensor will be mounted on a dedicated printed cir-

(e

Figure 2: Optical inspection of CVD sensors. Picture by
Michael Triager (GSI, Detector Laboratory).

141



Infrastructure

Figure 3: Top: Modular read-out board with the diamond
sensor mounted in its center. Design by W. Koenig, GSIL.
Bottom: The beam detector will be mounted in the CBM
beamline inside a cubic vacuum chamber.

cuit board (PCB) equipped with amplifier and shaping cir-
cuits. This board is connected to two additional PCBs, used
as feedthrough to transport the analog signals outside the
vacuum. A sketch of such PCBs is shown in Fig. 3 (left).
The system will be mounted in the CBM beamline, inside
of a cubic vacuum chamber, as shown in Fig. 3 (right).

Beam halo measurement concept

To ensure the stable operation of the CBM detector, it
is necessary to minimize the amount of halo particles en-
tering the detection system. For this purpose a dedicated
beam collimation system is foreseen at the SIS100 acceler-
ator complex. The CBM detector has to be equipped with a
system capable of precisely measuring beam halo particles.
The precise measurement must be based on the time of ar-
rival of the individual particles. Additionally, a Time over
Threshold (ToT) measurement is necessary, which will be
used to monitor the efficiency and radiation damage of the
system. For the beam halo measurement we plan to con-
struct a detector by means of four active sensors positioned
about 0.5 cm from the beam axis. The concept is shown
in Fig. 4. Such an arrangement will allow us to monitor
the position of the beam during the extraction process. The
results of the measurement will be used for securing the de-
tectors, mainly the Micro Vertex Detector (MVD) and the
Silicon Tracking System (STS) against sudden changes in
the position of the beam. Besides this, it is planned to have
a direct connection of the beam halo detector to a beam
abort system.

Mechanical integration

The CBM beam detector system is planned to consist of
two detector stations. One will be used for the beam HALO
and the second one for the TO measurement. Both detectors

CBM Progress Report 2020

Figure 4: Beam halo measurement system by means of four
active sensors positioned about 0.5 cm from the beam axis.

will be mounted inside a beampipe as schematically shown
in Fig. 5. We propose to use commercially available vac-
uum elements and integrate them into the CBM beamline
in front of the reaction target.

TO detector

Halo/tail detector

—_—

@)- _Ill'

Beam
direction

CBM target

Figure 5: Beampipe with two stations of beam detectors
which will be used for beam HALO and TO measurement.

Read-out concept

The concept of the read-out system is currently being
developed and its evaluation is based on the experiences of
the HADES TO detector. It takes into account the currently
being developed readout chains of the CBM experiment,
mainly TOF and Ring Imaging Cherenkov (RICH) detec-
tors. The HADES collaboration has been using similar
detectors for in-beam measurements and recently demon-
strated excellent online monitoring capabilities of the sys-
tem based on diamond sensors and TRB readout sys-
tem [5].

The read-out concept for CBM is schematically shown
in Fig. 6. The sensor signals are amplified on a Front
End Electronics (FEE) and afterwards sent to dedicated dis-
criminator boards. Then a fan-out of the signals will be ap-
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plied. One branch will deliver the TO measurement for the
CBMs read-out electronics using either CBM TOF TDC
system or the TRB based time-to-digital converter (TDC)
system as proposed in CBM RICH detector. The second
branch of the beam detectors readout, independent from
the CBM DAQ system, will be used for an ~online” beam
monitoring purposes and for the fast beam abort system.

’{ CBM TOF or RICH readout — CBM DAQ - TO measurement

Sensor + FEE ('\

.
\‘} TRB3 based readout - Beam monitoring

Figure 6: Read-out concept of the beam sensors. The TO
measurement has to be integrated into the standard CBM
DAQ. A signal splitting will ensure a CBM-DAQ indepen-
dent beam-monitoring.

Summary and outlook

The design of beam monitors and TO-counters for CBM
have been shown. We are currently developing a sensor
system based on CVD diamond technology. The system
will be used for TO measurement and beam monitoring pur-
poses i.e. a beam halo particle measurement. Diamond
sensors have been prepared. Next steps are to develop and
establish the final geometry of the strips.

Currently the HADES collaboration is evaluating a new
detector technology based on Low Gain Avalanche Detec-
tors (LGAD). First beam test showed promising results to
use this technology form in-beam detectors [6]. In parallel
to the development of CVD diamond based sensors we will
also evaluate this technology to use it in the CBM experi-
ment.
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Experiment services room

M. Kis*
GSI, Darmstadt, Germany

Overall design of the CBM building is driven by the size
of full experimental setup on one side and radiation protec-
tion requirements on the other. This reflects it self in the
concrete thickness of the cave walls and amount of built-in
reinforcement iron. In particular, due to the radiation level
in cave during running of experiments and possible acti-
vation of setup afterwards, the access to experiment (cave)
is restricted or even prohibited. Therefore it is necessary
to assure that vital controls and supplies to experiment are
readily accessible and serviceable during running.

Apart from the service area underneath the upstream
platform, which primary holds experiment power supplies,
the room E30.012 (including E30.013) serves as tech-
nical services room and houses gas supply racks (mix-
ing and recovery), high voltage/bias supplies, CBM mag-
net power supplies, STS cooling plant, etc. The lay-
out of those services in the room is shown in Fig. 1.

The access to the
room is during prepa-
ration phase via main STS STS
stairways and elevator
(c.f. Fig. 1 top), which
also serves to bring in
all equipment. During
running periods those

access ways are dis-

abled/under control, - -

as both can be used to |
access experiment area E30.013 |
E10 (cave). Therefore

only access via dedi- l

cated stairs (c.f. Fig. 1
top) can be used.
All  the  detector

mm | ([T
B e | o U

in ceiling. The supply of gas mixtures to detectors follows
via vertical installation duct that can be accessed from the
door right-down in Fig. 1.

The HV or rather biasing PSU are situated in racks on
the right side of the room, the HV cables are routed over
the cable trays hanged over ceiling and routed via the same
duct into cave and up to the detectors. The HV cables are
connected to PSUs directly, on the detector side they ter-
minate in their patch-panels. Apart from PSUs, both racks
with main DCS servers, campus internet switches, and ac-
celerator network switches are located here. Due to rela-
tively low heat dissipation, most of the racks do not require
additional active cooling.

The magnet power supplies (HADES and CBM) are
also situated here, the exact place have to be opti-
mized in order to minimize needed cable length to
magnets, but also to incorporate local control desk.

Last major component

£30.012 in is the STS cooling

POWER i plant; both for prepa-

§ ration of cooling liquid

HADES = for detector electronics
‘ and cooling gas for sen-

HADES b sors. The position of the
plant is given by dedi-

cated supply of cooling

HADES
2 water.

Powering of all de-
vices installed within
the room is provided via
two power distribution
cabinets, depending on
which power source is
used. There are two

LLITT. I
=

gas systems (both for
HADES and CBM) are
placed here. In particu-
lar, all gas systems that
use flammable gases that
can produce explosive
mixture with air in case
of leakage are placed in
separated room E30.013. It is mandatory to use ATEX-
certified equipment there within ("Ex”-labeled). The gas
bottles are placed on ground level of CBM building and
connection to service room is made via wall break-through

white - magnet power system.

*m.kis@gsi.de

Figure 1: The layout of experiment services room; colors are
indicating different types of devices: green - STS cooling plant,
blue - gas systems, red - gas systems using flammable gases,
orange - general electronics racks, yellow - power distribution,

[ ]

| power transformers in
CBM building from
which one is dedicated
to powering of the
experiment subsys-
tems which includes
powering, biasing, and
readout in first place.
The possible sources of noise, e.g. pumps in experiment,
or rest ov HVAC within building are powered from second
transformer.
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Cryo-platform - addition to upstream platform

P. Kuhl and M. Kis*
GSI, Darmstadt, Germany

Liquid helium supply

Both the CBM dipole magnet and the HADES magnet
are supraconducting devices that require steady supply of
liquid helium (LHe) for their operation. Presently, in its
GSI cave, the HADES magnet is operated with both LHe
and liquid nitrogen supply, while in CBM cave only he-
lium will be used. In contrast to GSI facility, at FAIR the
common cryo-plant will supply both accelerator magnets
as well as experiment’s magnets with LHe.

In CBM the supply line is entering the cave from left side
(w.r.t. beam upstream direction, c.f. Fig. 1) through a wall
window just bellow the cave crane, which further connects
CBM and SFRS buildings via tunnel. The LHe distribution
point DB2 in SFRS building supplies both buildings with
LHe.

Figure 1: The cryo-platform (left) is constructed on the top
of the upstream platform, both HADES setup and CBM
dipole (right) are supplied with LHe by their own transfer
lines.

The heat management of cryo supplies uses vacuum-
isolated coaxial pipes with return lines in outer pipe to min-
imize the heat loss, implying that each branching/merging
of the lines has to be regulated. The CBM branching box
(designed at BINP together with CBM dipole) serves as
LHe entry and exit point for both CBM and HADES mag-
nets, and additionally incorporates CBM feed box which
facilitates LHe supply and recovery (show in Fig. 2). For

*m.kis@gsi.de

HADES the existing feed box (attached to CBM branch
box) will be used.

Figure 2: CAD model drawing of the CBM branch box.

Cryo-platform

While our initial concept of a cryo-balcony was made
assuming much lighter parts, because of the full weight of
the combined cryo-setup and position of HADES feed box,
which was placed in exactly the same position relative to
the magnet as it is installed in HADES present configura-
tion, a somewhat larger construction concept was neces-
sary. In this case the transfer line between HADES feed
box and magnet is also kept unchanged.

The new concept, shown in Fig. 1, is called cryo-
platform; it provides approx. 4.5 mx4.5 m area at some
5.3 m above existing upstream platform. Service access
to the platform follows via built-in ladder. It is estimated
that cryo-platform including devices on it brings up to ad-
ditional 20 tons of weight on the upstream platform, which
therefore needs to be reinforced in accordance with this
concept.

Position of the branch box is optimized for the installa-
tion of the transfer line that is mounted along and down the
cave wall up to the end of the upstream platform and fol-
lows an recess in the shielding concrete up to the magnet.

Since position of the HADES transfer line is fixed to the
present design, its weight is supported by the cryo platform
on one, and the HADES magnet support on the other side.
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Migration towards the CRI-based RICH read-out system

T. Gepler, C. Hohne, A. Weber, and F. Zorn
II. Physikalisches Institut, Justus-Liebig-Universitit GieBen, Gielen, Germany

Preparations for the 2021 mCBM campaign

The mCBM campaign in 2021 will mark the transition
of the mCBM read-out system from the deprecated data-
processing boards (DPBs) to the common read-out inter-
face (CRI). Many of the changes and additions to the FPGA
firmware written for the DPBs are common to all subdetec-
tors and will be part of a shared firmware base project.

In the case of the RICH, additional work is required
for the downlink connections to the detector front-end. In
previous mCBM campaigns with DPB-based read-out, the
RICH used an intermediate solution for the data aggre-
gation from multiple front-end modules'. A hub board,
using the TRB3sc FPGA platform, implemented a Trb-
Net hub that collected data from multiple combiners and
routed slow-control commands and replies between the
RICH slow-control PC and the front-end modules.

The DPB was the only part of the mRICH read-out chain
synchronized to the global mCBM clock and time. TDC-
timestamp synchronization was achieved with a trigger sig-
nal generated by the DPB and distributed to the combiners
through the central trigger system (CTS) in the hub board.
Absolute hit times were reconstructed in software from the
time difference between TDC hits and triggers.

CRI and combiner FPGA firmware

Figure 1 shows a simplified diagram of the CRI-based
mRICH read-out system. The CRI board connects to six
combiners directly, making the in-between hub board ob-
solete. The data-flow in the RICH-specific part of the CRI
firmware requires two main building blocks: the TrbNet
hub and the microslice generator.

The TrbNet hub routes slow-control commands and re-
sponses between an uplink and up to 47 downlinks (the
number of optical links on the FLX-712 board currently
used for the CRI). We ported the TrbNet hub previously
implemented on the external hub board to the CRI platform
and extended it to more than twelve ports using a nested ar-
chitecture. The hub also makes the TDC-data packets from
each combiner available to the microslice generator.

The TRB3sc still acts as a slow-control uplink, passing
messages between a slow-control PC and the TrbNet hub in
the CRI. A bridge interface allowing TrbNet access through
Wishbone registers will later replace this mechanism.

The microslice generator will collect the data packets
from all downlinks and pack them into microslice contain-

! Front-end module here refers to a backplane with a combiner board,
acting as a hub, and twelve DiRICH cards for the read-out of six PMTs.
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Figure 1: mRICH read-out components and data flow

DiRICHs

ers for the FLES input logic. Merging is based on a com-
mon trigger number embedded in the data streams. Work
on this firmware block will start in early 2021.

The combiner FPGA firmware also required major
changes. Due to the omission of a common trigger signal,
we moved the CTS previously contained in the hub board to
the combiners. Every combiner now creates its own trigger
signal and can be considered free-running. This requires
synchronization with the global CBM clock and time.

In order to achieve clock synchronization, we changed
the line rate between CRI and combiners from 2 Gbps to
2.4 Gbps. This allows the use of the 120 MHz CBM clock
as reference clock and its recovery on the combiner side.

Time synchronization will be achieved by deterministic-
latency messages (DLMs) sent from the CRI board to the
combiners. We implemented the TrbNet DLM mecha-
nism on the sender and receiver sides. First measurements
showed that time synchronization could be achieved as
long as the transmitter logic on the CRI board was not reset.
This will likely be solved by bypassing the elastic buffer in
the CRI’s serial transmitter.
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FPGA -related development for CBM DAQ *

W. ZabolotnyT U M. Guminski', M. Kruszewski', P. Miedzik', K. Pozniak", and R. Romaniuk"

"Warsaw University of Technology, Institute of Electronic Systems, Warszawa, Poland

Continuation of the DPB firmware
development

In the first half of 2020, the development was signif-
icantly focused on the maintenance and improvement of
the DPB firmware. The beam tests have exposed the prob-
lem of hits that have been assigned an incorrect timestamp
value. The effect was visible at higher hit rates. A thorough
investigation has shown that the cause was an incorrect be-
havior of the heap sorter in case of overflow. The signifi-
cant advantage of the heap sorter is the perfect sorting of
hits. However, its behavior at high rates is not acceptable.
As a solution for that problem, a new concept of the hit
sorter has been proposed. It utilizes the bin (bucket) sort-
ing, where hits are stored to the appropriate buffer depend-
ing on their timestamp’s lower bits. The hits in each bin are
not sorted, but correct handling of overflow is much easier.
If a hit is received for an already filled bucket, the hit is
dropped and the bucket is marked as overflown. If a too-
much delayed hit is received for an already closed bucket
is received, the hit is dropped, and an error flag may be set.

The architecture of the proposed bucket sorter is shown
in Figure 1.

TS offset \ Nr of bins

\Local TS counter\
in the pslice

DAQ

Hit collector
(e.g., FLIM)

Output module

Storage
1Khit per bin |

Figure 1: Block diagram and the concept of the bucket (bin)
sorter.

*Work partially supported by GSI, partially by statutory funds of In-
stitute of Electronic Systems. This project has received funding from the
European Union’s Horizon 2020 research and innovation programme un-
der grant agreement No 871072.

T wzab@ise.pw.edu.pl

Preparation of the CRI firmware

The second development area was the planned reimple-
mentation of the DAQ firmware on the CRI board. A very
important difference between DPB and CRI is that the DPB
was controlled via Ethernet using the IPbus protocol and
interface, while CRI is controlled directly via the PCle in-
terface. That gives a possibility to significantly speed-up
the control operations and allows the opportunity to move
certain control operations from firmware to software, re-
ducing the FPGA resource consumption. Of course, that
requires significant refactoring of the firmware. The soft-
ware for control of the CRI board — the Device Control
Agent (DCA) is prepared at GSI by Walter F.J. Miiller.

Development of debug version of the PCle core

The most challenging task to be performed by the PCle
interface is the high-performance transfer of the readout
data. The responsible IP core is developed at FIAS by
Dirk Hutter. However, for the first tests of the CRI PCle
capabilities, a simple PCle core using Xilinx’s high-level
blocks was developed. The solution was based on the
Versatile-DMA1 [1] design, ported from Virtex 7 to Kintex
Ultrascale FPGA. The obtained project has been succes-
fully used to test the achievable throughput for simultane-
ous transmission of data via DMA and control transaction.
The core allowed to perform approx. 320 000 of control
operations (consisting of a single write followed by a sin-
gle read) with simultaneous DMA transmission at 56 Gb/s
in both PCle devices provided by CRI.

The developed core was also successfully used to debug
BIOS limitations in the entry-node servers (done in cooper-
ation with David Emschermann) and investigate problems
with CRI boards not booting correctly.

Development of the PCle to WB bridge

The last version of the DPB firmware uses the Wish-
bone bus to access the control registers, and this solution
is reused in the CRI. Therefore, a crucial task is to create
a bridge translating the PCle transactions to the Wishbone
accesses.

Theoretically, the PCle read and write transactions may
be directly translated into the local bus accesses in the
FPGA. However, for improved testability and reliability,
a more complex approach was proposed by Walter F.J.
Miiller, where the 64-bit PCle accesses are used both to
transfer data in the lower half of the data word and addi-
tional metainformation (e.g., about possible errors) in the
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upper half of the data word. Additionally, a special, di-
rectly accessible "Bypass” area in the address space was
proposed by Ingo Frohlich, which contains the special reg-
isters responsible for describing ”supervised” access to the
standard part of the WB bus and additional configuration
and debug registers.

E T g Bx Address

S gg @ &l ) AGWB

i %5 o XWB bridge mana

, _ . ged

[} oo ouw with error handling WB

o 22 g 5

3 =

a 2 z 3 Error and D[63..32]
S‘aw?_ Reading and
reporting clearing of

status

Debug and
Test registers

Figure 2: Block diagram of the PCle to Wishbone bridge.
BP - the bypass address separating the special address
space with configuration, status, and debug registers from
user address space.

The block diagram of the created PCle to WB bridge is
shown in Figure 2.

AGWB development

Preparation of the CRI firmware has posed new chal-
lenges for the AGWB [2,3] system to generate the Wish-
bone control bus address map. The original AGWB was
prepared to map registers into C structures directly, so the
register’s reading or writing could be implemented as ac-
cess to a member of such a structure!. That solution was
designed mainly for the creation of kernel drivers written
in C. It requires that the address map is known at the time
when the software is compiled. After each change of the
address map, the software must be recompiled. In the CBM
control system, however, another approach is used. The
control software will operate in the user space and will be
written in C++2. Additionally, it is required that the same
software should support various versions of the firmware
without recompilation. It is similar to the IPbus operation,
where the address map is loaded at the run-time. Unfor-
tunately, the IPbus address map format has a significant
drawback — it does not support the vectors of blocks and
registers. Each element requires a separate entry in the map
file. A new address description format, “AMAP XML,”
was proposed to solve that issue, based on the [Pbus XML
format, but with a possibility to define vectors. Another
challenge for AGWB is associated with the fact that the
FPGA chip used in CRI is split into two Super Logic Re-
gions (SLRs). Its efficient usage requires two similar but
separate subdevices, controlled by separate PCle interfaces
(and hence separate Wishbone buses). Therefore, a single
HDL design must instantiate two separate AGWB systems

10f course, such access must be subjected to limitations related to the
hardware access. Therefore, the structure must be declared as volatile,
and special “memory barrier” functions should be used to ensure proper
ordering of operations.

2The DCA - Device Control Agent written by Walter E.J. Miiller.
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that are similar but not identical (certain blocks are imple-
mented only once in the whole FPGA - so they are present
only in one of those systems). It is desired that both sys-
tems are described with the same XML file, also contain-
ing a description of differences. Unfortunately, due to the
limitations of VHDL?, a finding of an appropriate solution
appeared to be non-trivial. It has been finally solved at the
begining of 2021.

The last significant modification of AGWB in 2020 is as-
sociated with the previously mentioned modification of the
internal Wishbone bus. The new implementation requires
that the master can abort unsuccessful access (e.g., due to
timeout or incorrect slave address). That simple change re-
quired significant modification of the WB CDC block used
by AGWB.

Preparation of the tester firmware

The third development area was the preparation of the
SMX tester firmware for QA testing of SMX ASICs and
assembled Frond End Boards. In 2020 a version support-
ing testing of FEB-C boards was prepared. The firmware
was based on the GBTXEMU [4] firmware written in previ-
ous years. The developed firmware supports up to 2 FEB-C
boards or 2 pogo-pin testers connected via any 2 connectors
available in the gDPB FMC board. The associated soft-
ware, written in Python, automatically scans the connected
FEBs, automatically detects connected uplinks, and syn-
chronizes them. The user may modify the provided scripts
to create the automated test procedure, or may use them in
interactive mode, performing the manual debugging of the
connected FEB or ASIC.
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3VHDL does not support the selection of the instantiated entity de-
pending on the generic. Similarly, it is impossible to have the same block
instantiated once with one VHDL library and then with another one. The
“if-generate” statements cannot be used in the declarations section.
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CBM Progress Report 2020

Summary of activities in the EDC computing project in 2020

P-A. Loizeau and the EDC work group
FAIR, Darmstadt, Germany

EDC

As a reminder, the Experiment and Detector Control
project is a computing project tasked with the development
of the control software for both the Hardware and Software
components of CBM. It therefore includes

e the Detector Control Systems (EDC), which are taking
care of the Hardware supplies (HV, gas, LV, ...),

e the software controlling and configuring the readout
chain (interface to DAQ), en-globed in the Detector
Control Agent (DCA) and its user interfaces,

e the Experiment Control System (ECS), which pro-
vides an interface to the shift crew on one side for con-
trolling the state of CBM sub-systems and the experi-
ment global state and on the other side for controlling
the experiment configuration,

e all necessary interfaces to the configuration and log-
ging databases needed to ensure a complete and per-
manent knowledge of the experimental conditions.

DCS

In 2020, the DCS part of this project saw progress in two
directions. First, a strong collaboration with the other FAIR
experiments DCS groups was set in place, with monthly
meetings and a common drive towards shared tools such as
EPICS Docker images [1]. On a separate front, almost all
detector groups made progress with their DCS prototypes
during the 2020 mCBM campaign, see for example [2].

DCA

A first prototype for the DCA was developed in close
coordination with the firmware development groups in the
DAQ project. It provides for now the core part of what will
be the DCA, with:

e a framework to handle the different software objects
representing the physical components of the readout
chain

e the interface with the PCI-E driver for the CRI.

It is now able to communicate with the first version of the
CRI Base firmware and allows to test the register access
concept [3].

ECS

The existing proof of concept (alpha stage) was imported
in our Gitlab environment and cleaned up, now reaching the
first beta prototype version. A strict and consistent Contin-
uous Build (CI/CD) system was set in place to ensure that
further developments are merged in the official version only
if they obey formatting, testing coverage and typing cover-
age minimum levels. The state monitoring and state control
part of this prototype will be tested for as an optional tool
during the 2021 mCBM campaign.

A specification document for the ECS was started and
will be brought to the level of a Technical Note in 2021.

References

[1] Cross collaboration DCS
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The Containerized Detector Control System for mSTS in mCBM

M. Bajdell’z, P. Zumbruch', F. Feldbauer**, and P. Klaus*

1GSI, Darmstadt, Germany; 2Goethe Universitit, Frankfurt am Main, Germany; 3Ruhr-Universitit, Bochum, Germany;
4PANDA Collaboration

The first prototype of the Detector Control System
(DCS) for the mini-Silicon Tracking System (mSTS) in the
mini-Compressed Baryonic Matter (mCBM) experiment
was developed and tested during the beam campaign in
2020. The main aim of this prototype was to design a struc-
tured, easily usable stack of software, different applications
for monitoring and controlling the detector. To achieve this,
all building parts of the DCS were deployed in containers!.
Containerization or, in other words, operating-system-level
virtualization allows to run a lightweight, standalone, ex-
ecutable package of software that includes all the needed
parts to run an application: code, runtime, system tools,
system libraries and settings (Docker, Singularity etc.).
This effort is being realized through the work among sub-
systems of the CBM experiment, in particular with the
MVD group, as well as with the PANDA collaboration [1].

Containarized DCS

The DCS is based on the Experimental Physics and In-
dustrial Control System (EPICS) [2] which provides spe-
cific network protocols for high-bandwidth software in
real-time networking applications. Input/output controllers
provided within EPICS are deployed in containers inside
the DCS network and used to control and monitor low and
high voltage power supply modules, temperature sensors as
well as the Lauda water chiller for mSTS electronics cool-
ing.

The multi-container control system, schematically
shown in Fig. 1, features several applications which inter-
act with each other and provide a description of the status

Thttps://git.cbm.gsi.de/m.bajdel/
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Figure 1: Schematic view of the DCS structure.

of the detector. The performance of the containers is also
being tracked by Weavescope [3] which is a visualization
and monitoring tool for containers. The mCBM experiment
provides perfect conditions to test different DCS architec-
tures and to assess best candidates for logging, alarming,
monitoring and archiving. The following subsections focus
on the particular elements of the DCS which were proposed
for the mSTS prototype.

Operator interfaces (OPls)

An OPI is an operation node, which facilitates Control
System Studio (Phoebus) [4], Kibana visualization dash-
board and an archiver web server. Phoebus serves not
only as an application to monitor and control particular
channels (devices) in the experiment, but also provides
graphical user interfaces for alarm-server, alarm-logger,
and database.

Archiver instance

For the mSTS experiment an archive engine [8] instance
together with PostgreSQL database were implemented. It
can save any channel provided by the EPICS IOC and pe-
riodically archive its status in a database. The archiver en-
gine provides also a web interface which allows to monitor
its performance. Taking advantage of the container archi-
tecture of the DCS, it is in addition possible to easily intro-
duce different archivers e.g. EPICS Archiver Appliance [9]
which was also tested and is foreseen to replace the archive
engine during the next beam campaign.

Alarm server and logger

Alarm server and logger [10] are dependent on Apache
ZooKeeper [5], Apache Kafka [6] and Elasticsearch [7].
Moreover, the above mentioned elements are integrated
with the IOCs’ databases and Phoebus. The alarm server
monitors a given set of channels and tracks their alarm
state. When a process variable (PV) goes into an alarm
state, it is indicated in the alarm system user interface and
logging Uls. There is likewise a possibility to communi-
cate the alarms via email to the people that may respond
to the state. The same approach applies to the alarm logger
which delivers important PVs state changes to Phoebus and
Kibana (via Elasticsearch).
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Implementation o Environment sensors

Several PT100 sensors with MVD readout board
were used to monitor temperature inside the de-
tector enclosure. Humidity and temperature sen-

Figure 2 depicts the situation at mCBM at the end of the
last year’s beam time. The architecture is divided into 3

layers: supervisory layer, control layer, and field layer. sors (SHTS85 - 12C bus) will be used to moni-

tor the conditions inside the next iteration of the

B . mSTS detector.

Conclusions

Supervisory layer

Mtcontainer A functional prototype of the DCS was designed and de-
ocker control system ployed during the mCBM beam campaign 2020 (Figure 3).
The DCS operated without any major issues for more than
3 months.

Control Layer

RS232t0
Ethernet comaes02 comdcso2 cbmdeso2 comacso2
Converter

Cooling MPOD crate . o . .
RS232 protocel HV/IV modules

des-archive-db
chmdcs02

LLLLLLLLL

Field Layer

Figure 2: Detector Control System architecture.

Fi 3: W S i f the DCS
1. The supervisory layer consists of the operator node 1eure cave scope view of the

and the control room network and is a level at which

. Several building pieces of the DCS are still missing,
the operator monitors and controls the detector.

i.e. sequencer, save and restore services, status of the FEE
2. The control layer hosts all the services and applica-  and an interface to the Experiment Control System (ECS).
tions used to control and monitor the detector, as well ~ These mentioned parts will be added to the DCS for the
as to archive channels. next beam campaign. The system is in principle designed
to handle much larger systems (thousands of channels) than

3. The field layer COHSiStS’ of all Fhe devices, as well as ¢pe mSTS, nevertheless, it serves as a prototype which can
interfaces for those devices which are used for the ex- 1,5 |ater used to scale up the system.

periment. As for beam campaign in 2020 the follow-
ing IOCs were used for the mSTS:
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A flexible online interface to CBM timeslices
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Figure 1: Overview of the main data path in the FLES data
management framework.

The data path for raw detector data in the CBM online
data management, as summarized in Fig. 1 is optimized for
reliability and performance. Data received from the detec-
tors if buffered in the entry nodes’ main memories. Then,
the software uses zero-copy RDMA mechanisms to effi-
ciently combine the data from all entry nodes over a net-
work to timeslices on many target nodes. On the target
nodes, the timeslice data is stored in a shared memory seg-
ment, ready to be consumed by the online analysis software
chain. The flesnet software [1] and its timeslice API have
been in productive use for many years.

With the recent advent of more evolved online analysis
setups in the context of the mCBM experiment, the need for
a more flexible interface to timeslices arose. This includes
the demand for:

e several independent timeslice consumer processes,
e more control over back pressure generation, and

e greater flexibility in starting and stopping consumers.

The revised online timeslice interface presented here aims
to fulfill these requests. As illustrated in Fig. 2, it sup-
plements the shared memory with a new item distributor
entity, which communicates with timeslice producer and
consumers over local ZeroMQ Inproc and IPC sockets.

Decoupling the start and stop of producer and consumer
processes requires careful implementation and testing be-
cause of the large number of possible event sequences. The
presented solution makes it possible to independently con-
trol data transport and online analysis (through EDC), and
also takes into account potentially crashing consumer pro-
cesses.

The revised timeslice consumer API is compatible with
the previously existing interface but allows for several ad-
ditional parameters to be chosen per consumer. These pa-
rameters include an offset and stride, which specifies a
controlled subsampling of the timeslices, and a queueing
policy (cf. Tab. 1). Using these parameters, a wide vari-
ety of scenarios can be covered from dependable timeslice
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| [SHM Item| | . : >
Distributor Timeslice —»%
Timeslice : Archiver
1
Building ! .
™ Sharea | |[] Online |
Memory | [T] Monitor
__________ 1
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_§> HOA > Monitor
T

Figure 2: The new interface employs a dedicated distribu-
tor for shared memory items to connect timeslice producer
and consumers.

Policy Effect

QueueAll All items are queued and eventually deliv-
ered; can create back pressure.

PrebufferOne  Opportunistic delivery; keeps consumer
busy but may skip items.

Skip Always wait for the newest item, do not

queue; may skip items.

Table 1: Different queueing modes can accomodate a vari-
ety of consumer use cases.

archiver processes, best-effort online analysis and highly
responsive online monitoring to full online analysis.

All consumer processes share access to the timeslice data
from the same read-only shared memory segment and only
correspond with the distributor agent through short mes-
sages. Thus, there is no need to copy any raw data in mem-
ory, which maximizes memory efficiency and performance
on the node.

The new interface is fully implemented and available in
the flesnet repository [1]. Initial tests of the revised times-
lice API have been successful.
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Load balancing mechanism for FLESnet
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Abstract

Time slices for analysis are built by FLESnet and its
Data-Flow Scheduler (DFS). It is able to reach the maxi-
mum network throughput, but that might take some time
due to a slow-start phase and some drawbacks of the fault-
tolerance mechanism. In addition, DFS distributes the time
slices evenly among the compute nodes, although they
might be heterogeneous or face a temporary higher load
than others while running. To overcome these limitations,
we implemented and present a load-balancing mechanism
in DFS that dynamically (re-)distributes the network and
computational load. We show improved aggregate band-
width over time and thus reduced latency with the enhanced
DEFS for time slice building on our OmniPath testbed in sce-
narios with a faulty and a slow node.

Introduction

The First-Level Event Selector (FLES) compute cluster
builds timeslices (TSs) for analysis using FLESnet!, which
was ported to Libfabric [3]. FLESnet distinguishes ‘input
nodes’ and ‘compute nodes’. Each input node (IN) receives
data from the sensor links in a single, circular memory-
buffer and chops the stream into micro-slices (MSs). Com-
pute nodes (CNs) collect MS contributions from all INs
to build complete TSs for further analysis. All INs dis-
tribute their MSs timely coordinated to CNs in a round-
robin schema to avoid congestion in endpoints and to es-
tablish parallel independent pairwise data transfers with a
data flow scheduler (DFS) [4, 6].

We presented a fault-tolerant variant of our Data-
Flow Scheduler (DFS-FT) that detects and dynamically
(re-)assigns load of failed nodes to the remaining compute
nodes equally [5]. Large scale analysis on an OmniPath su-
percomputer raised three caveats: (1) a slow-start phase de-
lays DFES reaching high throughput, (2) the aggregate band-
width might drop after a node failure and does not recover,
(3) DFS might not reach the achievable aggregate band-
width in heterogeneous systems because it distributes the
load evenly on compute nodes. In the following, we de-
scribe how we address these challenges.

Slow-Start Improvements

On startup, FLESnet often experiences a slow-start
phase of the interconnect and thus distributes MSs with a

Thttps://github.com/cbm-fles/flesnet

relatively low injection rate. On a regular basis, DFS at-
tempts to increase the injection rate by a fixed configurable
percentage (SUP) when the bandwidth variance (BwV) of
different INs is below a configurable percentage (VP). This
way, we are annealing the maximum aggregate bandwidth
while avoiding heavy network congestion. But with a small
SUP, it takes time to reach good throughput.

We updated DFS to use a more aggressive speedup
mechanism on start-up that doubles the SUP each inter-
val as long as the BwV remains below the threshold. Once
BwV exceeds the VP, DFES uses the calmer SUP for the rest
of the run. By doing so, DFS reaches the maximum achiev-
able bandwidth much faster and still reduces the injection
rate before too much network congestion occurs.

DFS-FT Improvements

When a compute node fails or becomes unreachable by
any input node, DFS-FT detects the failure using a heart-
beat messaging mechanism, determines the last completed
TS of the failed node, and then reaches an agreement be-
tween all remaining nodes to redistribute the future TSs of
the failed node on other CNs fairly. DFS-FT recovers the
failure in a few seconds but, with some interconnects, the
latency between pairs of nodes after the failure recovery
fluctuates. This leads DFS to lower the injection rate for
reaching a stable state. To overcome this problem, DFS-
FT now uses a stabilizing phase after node failures that en-
forces the last stable injection rate for a few intervals. This
mechanism allows DFS to recover high throughput quickly.

Load Balancing Mechanism

Input and compute nodes are highly coupled; a slow
node reduces the throughput of others. FLESnet consid-
ers a node slow, compared to others, when (1) the message
latency to a specific node is higher, or (2) TS completion
or processing duration at a CN takes longer. When a CN is
slower than others or the latency between a node and any
of the input nodes is higher, it should receive fewer TSs to
process so that it will not be blocking the progress of other
nodes [1]. Such an approach consequently can increase the
aggregate bandwidth. We extended DFS to collect statistics
about each node for each time interval during TS distribu-
tion so that it can determine slower nodes. Then, a new
distributed and dynamic load balancing mechanism (DFS-
LB) in our DFS redistributes the load over CNss fairly based
on the collected statistics to maximize the aggregate band-
width over time [2].
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Figure 1: The bandwidth building TSs (min, 10th and 90th
percentile, median, and max) observed per second at 40
DFS-INs (sending to 40 DFS-CNs) bucketed per 20's over
elapsed time when a failure occurs after 348 s / 320s.

Experimental Evaluation

We tested FLESnet with Libfabric on OmniPath? with
80 nodes. Each node has 2x Intel Cascade Lake Platinum
9242 (CLX-AP) with 48 cores, 384 GB RAM, 1x Intel Om-
niPath host fabric adapter. Each micro-timeslice is 1 MB,
and the receive-buffer for each IN at each CN is 1 GB. Each
node embodies either an IN or a CN. The DFS divides the
runtime into intervals of 50 000 TSs each.

Slow-Start Enhancements. Fig. 1 depicts the achieved
bandwidth of DFS when (1) the aggressive speedup mech-
anism and failure stabilizing phase are used (lower plot),
and (2) previously presented results of DFS-FT [5]. The
lower plot uses initial SUP and VP set to 5 %. Once the
BwYV exceeds the limit during start-up, the SUP drops back
to 5 % for the rest of the run. On the other hand, the up-
per plot uses 5 % SUP for the whole run. The aggressive
speedup mechanism handles the slow network start better.

Fault-Tolerance Enhancements. Fig. 1 shows the band-
width with and without the stabilizing phase after a node
failure. We forced the first node to die after around 320—
350 seconds. The bandwidth drops to zero MB/s for up
to 3 seconds while reaching a recovery agreement. The
upper plot failure occurred before reaching the maximum
achievable bandwidth, which is about 6 GB/s. Using five
consecutive stabilization intervals (lower plot) allows DFS
to maintain the bandwidth also after the failure.

Load Balancing Enhancements. Fig. 2 depicts a scenario
when a CN suddenly processes TSs slower. It compares
the achieved bandwidth with and without DFS-LB. Once
the observed variance of processing duration at different
CNs exceeds a limit, DFS-LB redistributes load to other
stable CNs. When the DFS-LB detects that the slow node
becomes faster again, it redistributes the load accordingly.
DFS-LB shows better aggregate bandwidth over time.

Zhttps://www.hlrn.de
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Figure 2: The bandwidth building TSs (min, 10th and 90th
percentile, median, and max) observed per second at 40
DFS-INs (sending to 40 DFS-CN5) bucketed per 20 s over
elapsed time when a CN slows down from t(180) to t(420).

Conclusion

We presented enhancements of DFS’ fault-tolerance to
recover a high injection rate quickly after a node failure
by enforcing a stabilizing phase. We also described a dy-
namic load balancing mechanism to make the TS distribu-
tion more resilient against slow compute nodes. Combined
with an improved start-up phase, these mechanisms lead to
a better and more stable aggregate bandwidth and shorter
overall runtime, as the evaluation shows.
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In this report, we will discuss techniques to extract event
rates based on events generated by different event building
algorithm from the data streams recorded during the beam
time of the Mini-CBM experiment in March 2020.

Mini-CBM or mCBM, a FAIR Phase-0 experiment at the
SIS18 facility of GSI, is an experiment not only for detec-
tor tests and their triggerless free-streaming read-out chains
but also for the development of the data analysis software.
The data flow in the final experiment is explained in ref-
erence [1]. The data streams from the different detector
systems are combined in so called timeslices on a large
scale compute cluster (First-Level Event Selector). Such a
timeslice then contains all the detector data from the differ-
ent systems for a short period of time. The assignment of
detector data to the correct timeslice is possible since the
data contains an accurate time information. After its cre-
ation the timeslice is send to one of the compute nodes for
further reconstruction and analysis. A timeslice normally
contains many events such that finding these events (event
building) is one of the first steps of the reconstruction. An
event building algorithm CbmMcbm2018EventBuilder was
developed for this task.

Event building algorithms

If a beam particle interacts with an ion of the target many
new particles will be produced and emitted. Some of them
will traverse the detector setup of the mCBM experiment
and will produce signals from the detector systems.

The introduced algorithm is based on two major assump-
tions. The first assumptions is that in case of a reaction
in the target the amount of detector signals (digis) in the
data streams is much higher for a short period of time com-
pared to times with no interactions. The second assump-
tion is that such reactions are well separated in time such
that events can be defined as large clusters of detector data
in the data streams. The events are then defined by the data
found in a time interval around these clusters.

To find the events in an efficient way two slightly differ-
ent approaches were implemented. Both of them rely on
time sorted data streams in the input and start with the digi
which has the smallest absolute time. After an event was
defined the procedure starts again with the remaining input
data. The first approach uses a fixed time window of ad-
justable length and define an event as all digis which are
inside the time window started by the digi with the small-
est time. Also the second approach starts with the fastest
digi but adds the next digi to the event only if the time dif-
ference is below an adjustable time gap. The procedure is
then continued until a digi is found which has a larger time

difference than the time gap. This digi then defines the start
of a new event. Since both approaches would also classify
noise data, which is not correlated with an interaction in the
target, as an event, events are discarded which do not have
a minimum number of digis for the different detector sys-
tems. A good suppression of noise events is already found
by correlated signals in the TO detector in front of the tar-
get and the Tof detector which is the detector furthest away
from the target.

Since the algorithm is based on the time information of
the detector data the relative time calibration between the
different detectors is essential. These time offsets are con-
stant within a run, and can be determined before the actual
data taking.

Event rate calculation

For the calculation of the event rates we have used both
event building approaches (Fixed Time Window and Max-
imum Time Gap). Due to problems in some of the pro-
totype detectors not all detector systems were included in
the event building. A significant noise was observed from
the MUCH detector setup also, but after removing a few
defect and noisy readout channels the noise reduced dras-
tically. The used method to achieve this noise reduction is
discussed in reference [2]. Even if the event building algo-
rithm was developed for low beam intensities it showed to
work also for high beam intensities. However, it is very
challenging to tune its parameters properly for the high
intensity runs such that probable event candidates are se-
lected precisely. The event building was performed for both
a low and a high intensity runs with a fixed time window
of 100ns and the a selection cut for “good events* consist-
ing of at least 1 TO digi and 10 TOF digis. The event rate
is finally defined by the average number of events per sec-
ond during a spill. A spill is the time when the accelerator
delivers a beam of particles to the experiment. Figure 1
compares the event rate of a low and a high intensity run.
The spill structure can nicely be seen in the figure by pe-
riods of time with a high number of events (spill) which
are separated by times with no events. Each spill is about
10 secs, and the event rate is calculated by averaging the
number of events during 7 secs at the middle plateau re-
gion of a spill. The event rate was found to be 22.7 kHz
and 1.12 MHz for the low and the high intensity runs re-
spectively. Table 1 shows a comparison of expected event
rates and calculated event rates for both event building ap-
proaches and for different intensity runs. The expected
event rate was calculated as number of beam ions hitting
the target per second x the interaction probability (I. P.)
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Table 1: Comparison of different event building methods at low and high intensity runs

Run intensity Expected event rate

Fixed time window

Maximum time gap Using MUCH digi cut

=100 ns =50 ns
low (run 831) 22 kHz (22.7 £ 1.26) kHz (22.43 - 1.24) kHz (17.14 & 1.03) kHz
high (run 859) 1.1 MHz (1.12 +£0.12) MHz (0.78 £0.069) MHz  (1.12 4= 0.12) MHz

with the target. The number of beam ions per spill is infor-
mation delivered by the accelerator. The approximate 1. P.
= 0.01 for the thin target (0.25mm) and = 0.1 for the thick
target (2.5mm). We studied also the effect of including the
mMUCH detector for the definition of the “good event*
criteria by using an additional minimum number digis (=1
digi) from the mMUCH detector in the event selection. It is
observed that the event rate slightly decreases with the in-
troduction of this additional cut for both the intensity runs.
This is explained by an introduction of a detector with an
approx 20% smaller acceptance compared to the TOF de-
tector system which is due to the removed noisy channels.

Event rate (Hz)
T

Event rate (Hz)
T

I L L L L I L
7 E

0 7 7S
time [s] time [s]

Figure 1: Comparison of high and low intensity runs
with thick target. In both plots the spill structure from
the accelerator is clearly seen. (a) Left: Event rate vs
time for the low intensity Run 831 (2x10%ions/spill).
(b) Right: Event rate vs time for the high intensity Run
859 (1 x 10%ions/spill).

f(t)=ce(slnne'1) f(t):Ce(S‘DDE")

Figure 2: Comparison of the different event building ap-
proaches for a high intensity run. Shown is the number
of events as function of the time difference between con-
secutive events for (a) Left: Fixed time window=100ns.
(b) Right:Maximum time gap=50ns.

The event rate can also be calculated from the distribu-
tion of time differences between two consecutive events
which should follow Poisson statistics. Nuclear events or
collisions follow the Poisson statistics where the occur-
rence of a particular event is random and independent of
others. Figure 2 shows the distribution of time differences
between two consecutive events for both event building
methods. As shown in Figure 2, the distribution can be
well described with a Poisson function f(t):C*e()‘t), where
C is the Constant of the fit and A (Slope of the fit) is the

event rate (by the definition of Poisson distribution). Since
the time difference is in ns, one can calculate the event
rate=(\)ns~!. From the slope, we get an event rate of
(1.11£0.001) MHz for event building with the fixed time
window (=100ns) method and (1.04£0.001) for maximum
time gap (=50ns) method. For both investigated methods
for the event rate calculation, we have found a smaller event
rate for the maximum time gap method. With the maxi-
mum time gap method it can happen that an event merg-
ing may take place, since there is no limit in the event size
or the time duration of a single event. It is highly pos-
sible that two events that are close by in time, may get
merged, leading to an underestimation of the number of
events. This event merging is more probable for high in-
tensity runs which can also be seen from table 1. For low
intensities the extracted event rate is similar for all methods
whereas there is a large difference for the maximum time
gap (=50ns) method when comparing results from high in-
tensity runs. The event characteristics such as event size
(digis per event) are also studied. For a 2°8Pb(67+) beam
of energy 1.06 AGeV colliding with a Au target of thick-
ness 2.5 mm, there are about 60 digis/event on an average
including all subsystems. Figure 3 shows the event size for
different subsystems.
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Figure 3: Event size: digis per event distribution for differ-
ent subsystems.
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Time-based tracker for STS

The core of the track reconstruction in the CBM ex-
periment is the Cellular Automaton (CA) based algorithm
used for the Silicon Tracking System (STS). It takes as an
input hit measurements from the time-slices produced in
the CbmRoot framework using time-based cluster and hit
finder algorithms.

To study the track reconstruction efficiency and the in-
fluence of high rates, 1000 AuAu UrQMD minimum bias
events at 10 AGeV collision energy have been simulated
and reconstructed, varying the interaction rate (IR) from
0.1 MHz to an extreme case of 10 MHz. Also, the event-
by-event (3D) reconstruction efficiency with no event over-
lapping is provided for the comparison. Here we define
the efficiency as a ratio of reconstructed to reconstructable
tracks. A track is considered reconstructable if it has at
least four consecutive Monte-Carlo (MC) points. A recon-
structed track is assigned to a generated particle if this par-
ticle has produced at least 70% of its hits. A generated par-
ticle is regarded as found when at least one reconstructed
track has been assigned to it. A reconstructed track is called
a ghost if it is not assigned to any generated particle accord-
ing to the 70% criterion.

Efficiency, % 3D | 0.IMHz | IMHz | 10MHz
Long high-p prim. | 99.5 99.8 99.8 99.7
All tracks 91.4 92.7 92.1 85.3
Prim. high-p 96.5 97.7 97.1 90.0
Prim. low-p 91.6 93.2 92.6 86.9
Sec. high-p 96.5 97.7 97.1 90.0
Sec. low-p 63.8 66.5 66.2 59.7
Clone level 1.30 0.70 0.70 1.38
Ghost level 1.2 1.0 1.1 2.6
Hits per MC track | 6.84 6.83 6.78 6.36

Table 1: Track reconstruction efficiency performance for mini-
mum bias Au+Au collisions at 10 AGeV in case of event-by-event
reconstruction and time-slice-based reconstruction at 0.1 MHz,
1 MHz, and 10 MHz interaction rates.

As one can see from Tab. 1, for the low IR case, the
overall track reconstruction efficiency is even higher than
for the 3D case due to additional time measurement of hits,
which is not present for the 3D case. For the highest IR sce-
nario, the efficiency degradation of about 6% is observed.
Here one has to note that the effect is not solely due to the
tracking but is already seen at the hit finder level. The num-
ber of hits produced per MC track shows that some hits are
not produced due to the current dead strip time of the STS

detector (800 ns), so that we lose about half a hit per MC
track, which complicates the track finding. This statement
is also proved by the fact that the efficiency of tracks, which
have a hit in every detector station (long high-p prim.) is
the same for all IR.

High momentum primary tracks that have particular im-
portance for physics are reconstructed with an excellent
efficiency of about 96%, which varies within 6.5% up
to 10 MHz. The efficiency for low momentum tracks
is 63.8% due to multiple scattering in the detector material.
It changes within a 4% window in the case of the high-
est IR. The ghost fraction remains at an acceptable level
(less than 3%) for all cases.

Figure 1: The time the CA track finder takes to reconstruct a
time-slice as a function of number of events in the slice. The
dependence is fitted with a straight line.
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However, not only the efficiency but also the speed of
the reconstruction algorithm is crucial for successful per-
formance in the case of CBM. We have studied the time the
CA track finder needs to reconstruct a time-slice as a func-
tion of the number of events in a time-slice (Fig. 1). The
results show that up to a hundred events in a time-slice, the
dependence varies very little from a linear one. This result
corresponds to the case of 3D analysis and allows in future
to split time-slices delivered by local reconstruction algo-
rithms to so-called sub-slices containing about 100 events
for track reconstruction and reconstruct them with no speed
degradation. The splitting algorithm is currently under de-
velopment.
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Track Finder for mCBM

The CA tracker used in STS was modified and adapted
for the mCBM case, where it reconstructs straight tracks in
the absence of a magnetic field. The modified algorithm
consists of the same steps as the original one: it builds
triplets through the whole detector system and binns them
into tracks. However, the extrapolation is performed with
a straight line track model, momenta are not defined and
filtered, and binning triplets into tracks is done with no mo-
mentum cut.

To test the reconstruction performance, 1000 AgAg
UrQMD central events at 1.65 AGeV collision energy
were simulated using the mcbm_beam_2020_03 setup. For
the current development stage, v20d mSTS and v20b
mTOF (Time-of-Flight) sub-detectors were included. For
efficiency calculations, the same definitions were used as
for the full CBM case. The resulting tracking efficiency is
about 96% with a ghost fraction of about 18%. It is ex-
pected to improve after including all the sub-detector sys-
tems.

A similar approach of extending the existing CA track
finder is used for the global CA-based track reconstruction
algorithm, which is currently under development.

Event builder

We are currently in the process of exploring different al-
gorithms for raw event building, which obtain definitions of
raw events as collections of digis using the digi time stamp
only. Subsequent reconstruction algorithms can operate on
thus defined events as input data. At present we focus on
event-based reconstruction, which can be used at low inter-
action rates, where the interference of data from different
collisions can be neglected.

The most promising approach is based on the “stream-
ing to triggered” event builder of eTOF@STAR and uses
clusters of digis in one reference detector as “event seeds”.
Separate time windows around these seeds are used to se-
lect digis of the different detectors. The approach hence
emulates old-school hardware trigger systems. Three dif-
ferent modes are supported to deal with pile-up events,
which occur when a seed is detected within the widest time
window around the previous one: “no overlap”, “merge
overlap” and “allow overlap”. In the first case the new
seed is rejected. In the second case it is included in the
the current event and the time windows are extended cor-
respondingly. In the third case a new event is created from
the seed, which implies that digis may end up in multiple
events. The third option is preferred at present, as it pre-
serves the largest amount of information.

The current implementation employs the FairTask model
and accesses digis through the CbmDigiManager. There
are ongoing efforts to abstract from the FairRoot frame-
work and switch to a std::vector interface. At present,
the TO detector is used as a seed detector, which is ap-
propriate for the most recent mCBM geometry. There are
plans to switch to the STS instead, which is suitable for the
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Figure 2: QA visualizations. Left: Pie chart for particle
ratios in MUCH. Right: XY distribution of MC points in
MUCH.

present full CBM geometry. Furthermore, a full separation
of the seed finding and event finding parts of the algorithm
is in progress, such that different seed finders can be im-
plemented, which e.g. use multiple reference detectors at
once. QA classes will also be added, which test the effi-
ciency of event building on Monte Carlo data.

Automatized Quality Assurance

The full production chain at CBM and mCBM encom-
passes many sub tasks, ranging from unpacking / digitiza-
tion over event and track reconstruction to data analysis.
To ensure the integrity of the results at each step along the
chain, a large number of test programs (i.e. “QA tasks”)
are provided, which gather a wide range of diagnostic data.
At present, there are ongoing efforts to place these on more
a systematic footing. The goals of these efforts can be sum-
marized as the following:

e To provide standardized test templates which stream-
line the implementation of new QA tasks.

e To standardize the output of QA tasks.

e To ensure that QA tasks are as modular as possible,
such that distinct classes can be tested independently.

e To include QA in automated test chains, run nightly or
during merge requests, and produces automated warn-
ings and error reports.

Most recently, three new storage classes were imple-
mented to support these efforts: CbmQaCanvas, Cb-
mQaHist, CbmQaPie. These inherit from corresponding
Root classes and enable an efficient and stable access to QA
visualizations stored in output files. Based on the above re-
quirements, a restructuring of the class CbmMuchHitFind-
erQA was also carried out, and several new visualizations
were added, e.g. pie charts to display particle ratios (see
Fig. 2). The extension of these efforts to other steps of the
production chain and additional detectors is ongoing.
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Inter-system time offsets at digi level

One project has focused on improving the determination
of the time shifts between different detector systems for
Mini-CBM [1]. Determining the inter-system time shifts
is an essential step for data processing both in the offline
and also in the envisaged online processing scheme. Based
on the input of digis from all detector systems, the cor-
responding time shifts can be obtained at digital level by
evaluating the differences in time stamps between system
digis and reference time digis from the TO counter. If the
relevant systems are stable during data taking and sufficient
digis are available the distribution of these time differences
should display a clear peak at the position of the time shift.
By default, the outcome of these differences is stored in
histograms, the maximum peak is considered and the eval-
uation is performed over all time slices of a run leading
to significant run times. The scope of the project [2] has
been to improve the following aspects: Deriving measures
to process only a minimum number of digis per detector to
establish a stable peak position for the distribution of time
differences. Also procedures for fitting the corresponding
peaks have been tested in some cases. Finally more ef-
ficient data structures based on flat standard vectors have
been tested replacing the histograms provided by the Root
framework.

GPU framework for online reconstruction

Work is currently underway to investigate the feasibility
of using GPUs for online reconstruction in CbmRoot. The
high degree of data parallelism that is present in the recon-
struction algorithms and the fact that their runtime is usu-
ally memory bound suggest a natural fit. However, GPU
development is not straightforward for a number of rea-
sons. The hardware that the online processing will run on is
not yet known. Therefore the software must be written in a
way, that avoids vendor lock-in and keeps all options open.
Furthermore the ability to run the reconstruction software
on CPU should be retained. Such that offline processing
can still be run without the need for additional hardware.

Out of the various APIs that exist for GPU programming
(HIP, CUDA, SYCL and OpenCL), only SYCL is designed
to fulfill both of these requirements. However, the open
source SYCL compilers that exist are still beta software at
best and there is no guarantee that they will have support
for state-of-the-art GPUs a few years down the line. So in-
stead of betting on a single API, a different approach was
chosen. A library is being written that acts as an abstraction
layer between the GPU software and a specific API / com-
piler. First of all, the GPU code will be compiled as regu-
lar C++ using the system compiler alongside all the other
code. If additional GPU compilers are present, then the
GPU code is compiled again into a separate library using
that compiler. At runtime the device can be selected where
the reconstruction should run on. If that device is the CPU,
the kernels are just run on CPU with optional paralleliza-
tion via OpenMP. If a GPU was selected, the library associ-
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ated with that device is loaded and run instead. In addition
to defining and running kernels, abstractions for common
GPU operations are provided as well. These include for ex-
ample memory allocations on the device, device-side math
functions and block-wide operations like reductions. In ad-
dition to this GPU abstraction layer, the STS Hitfinder is
currently being ported to it, as a proof of concept.

It should be noted that this is approach based on the GPU
reconstruction in the ALICE O? framework, which works
in a similar way and is already in use successfully [3].
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Time-based track reconstruction with the muon setup
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Simulation input

This study was performed to test the present CBMROOT
software for simulated data without event definition, i.e us-
ing only the time information of the digitized data. The
trunk version of the CBMROOT from 02.11.2020 was
used together with the CBM muon setup, which com-
prises the Silicon Tracking System (STS), the muon system
(MUCH), the Transition Radiation Detector (TRD), and the
Time of Flight Detector (TOF). The MUCH consists of four
hadron absorbers and four tracking stations: the first two
stations consist of GEM detectors, the 3rd and 4th station
are built from RPC detectors [1]. The study was performed
using 8 AGeV/c Au+Au minimum bias UrQMD [2] events.

Simulation steps

The simulation includes three steps:

e transport of the generated UrQMD events,
and, separately, of the Au Dbeam ions
(macro/run/run_transport.C and
macro/run/run_transport_beam.C respec-

tively);

o digitization (macro/run/run_digi.C);

e reconstruction (macro/run/run_reco_tb_track.C).

The transport of the generated events can be made either
using GEANTS3 [3] or GEANT4 [4]. For the transport of
the beam ions, however, one has to consider the following:

e GEANTS3 takes only into account electro-magnetic in-
teractions of the beam ions with target or beam pipe,
i.e. only deltas and gammas will be produced;

e GEANTH4 is able to take into account also hadronic
interactions producing hadrons and fragments in addi-
tion to deltas and gammas, depending on the physics
list used.

If the beam interacts only with the target, hadron produc-
tion is simulated by UrQMD, and GEANT3 takes care the
generation of deltas and gammas. However, GEANT4 is
preferable if also the possible interaction of the beam with
the beam pipe and other materials has to be taken into ac-
count. In this case one has to remove hadron production by
the beam in the target, because these processes are already
included in UrQMD. Fig. 1 displays three projections of

*a.senger@gsi.de

one Au ion event passing the target generated by GEANTA4.
For this study, UrQMD and GEANT?3 have been used for
particle generation and transport.

Figure 1: Event display: three projections of the tracks pro-
duced by one Au ion passing the target as calculated by
GEANT4.

In the digitization step, the files with the UrQMD events
and the beam events will be merged with different intensity.
In this study, the highest foreseen beam intensity of 10°
Au ions/s was used, corresponding to 107 interactions per
second. The length of the time slice was fixed to 1 us.

Track reconstruction

The last step of the study is reconstruction. Fig. 2 left il-
lustrates the hit distributions in the different detectors over
time (see explanation in figure caption). The bin sizes cor-
respond to the time resolution of the detectors: STS - 2 ns,
MUCH - 4 ns, TRD - 8 ns, TOF - 80 ps. Please note, that
Fig. 2 left illustrates the most extreme situation, with partly
overlapping events. The time resolution of the TRD is not
sufficient to separate the events, but using the hits in STS
and MUCH one can try to build the events. The TOF de-
tector cannot be used for event building, as only very few
particles pass the hadron absorbers of the MUCH system.

counts.

sTS

ion i f\ m

counts

Figure 2: Left: hit distributions for the different detectors
over time: STS (black), MUCH (green), TRD (blue), TOF
(red). Right: tracks reconstructed in the STS distributed
over time (black lines). STS tracks which are part of the
global tracks are marked in green. Hits in TOF are shown
in red. The bin size corresponds 1 ns time resolution.
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After hit finding the tracks will be reconstructed. The
track reconstruction procedure consists of two steps: the
track reconstruction in STS, and the global track recon-
struction, which is based on the extrapolation of the tracks
reconstructed in the STS through the downstream detec-
tors MUCH, TRD, and TOF. The reconstruction efficiency
for primary tracks in the STS is presented in Fig. 3 for an
event-based analysis (black symbols), and for two time-
bases analyses with different sizes of the time slice. The
reduction of the efficiency for the time-based reconstruc-
tion method is due to the fact, that some of the events are
split by the time slice definition, i.e. the digis from one
events show up in different time slices. This happens more
frequently for shorter time slices, therefore, the track re-
construction efficiency for time slices of 100 ns (blue sym-
bols) is lower than the efficiency for time slices of 1 s (red
symbols). To overcome this problem, new approaches with
partly overlaping time slices are under development.

Primary Set Efficiency vs Momentum
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Figure 3: Track reconstruction efficiency in the STS as a
function of momentum. Black symbols: event-based re-
construction. Red symbols: time-based reconstruction with
1 us time slice. Blue symbols: time-based reconstruction
with 0.1 us time slice.

Fig. 2 right presents the tracks reconstructed in the STS
as distributed over time. The events are clearly separated.
In the CBMROOT version, which was used for this study,
only STS tracks are used for event building. However, this
event builder does not yet take into account hits from other
detectors, and, hence, event building based on global track-
ing is not yet possible.

The goal of this study was to test the reconstruction of
global tracks within one time slice. In order to compare
the result to event based simulations, the global tracks have
been combined to events by choosing the same time differ-
ence of 0.4 ns between neighboured STS tracks as for the
MC tracks from the event-based simulation. Fig. 4 depicts
the invariant mass distributions of the reconstructed muon
pairs from combinatorial background for time-based sim-
ulation results (red) compared to event-based simulations
(black). The two invariant mass spectra look very simi-
lar. However, one should note that this agreement between
time-based and event-based simulations depends strongly
on the chosen time difference between neighboured STS

CBM Progress Report 2020

tracks. When increasing this time window, the number of
combined tracks increases, and, hence, the yield of back-
ground muon pairs.
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Figure 4: Invariant mass spectra of the reconstructed muon
pairs from combinatorial background. Black histogram:
event-based reconstruction. Red histogram: time-based re-
construction (see text).

Conclusions and requirements

In order to perform realistic time-based simulations, the
following features have to be implemented into the recon-
struction software:

e Realistic beam pipe geometry;

e Realistic detector performance including noise, dead
time, etc.;

e Realistic event definition, taking account the informa-
tion of all detector systems;

e Primary vertex reconstruction as additional criteria for
event definition

e TO measurements for particle identification in TOF;
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Importance of momentum estimation in the track based alignment method in
absence of the magnetic field

S. Das' and H. R. Schmidt'?
"Eberhard Karls Universitit, Tiibingen, Germany; 2GSI, Darmstadt, Germany

Introduction

The objective of the alignment procedure of a tracking
detector is to determine the accurate space coordinates and
the orientations of all of its components. in a complex hier-
archical detector like the Silicon Tracking System (STS), a
track based alignment algorithm [1] has been employed [2],
aiming to achieve a spatial precision of ~10 pm for all the
components. It is important to estimate the momentum of
tracks to be used for the conduct, especially when the mag-
netic field is switched off, yielding straight tracks, with no
opportunity of calculating the momentum. In simulations,
the momentum and mass of the generated particles are of
utmost importance, to include the Coulomb multiple scat-
tering [3] (sourced from the material budget of the STS),
during the track reconstruction stage.

This short report will address that how the momentum of
tracks can be estimated from the track quality, quantified by
the statistical hyposis test x2/NDF .

Sample preparation

Ten sets of 10 AGeV Au-Au central UrQMD [4] gen-
erated events, with and without magnetic field have been
generated for the purpose. While, during the reconstruction
step, a set of tracks has been reconstructed with the proper
input momentum (with the magnetic field on) and the other
sets of tracks were reconstructed, assuming momenta of
1 - 10 GeV/c (externally seeded, keeping the magnetic field
off). Additionally, the pion mass (139.57 MeV/c?) has been
taken as the common input mass for all the generated par-
ticles, as pion is the most abundant particle at this beam
energy. All 10 sets of tracks are summarized in Table 1 as
follows:

Table 1: Sets of tracks with their input conditions.

Set No. Momentum (GeV/c) Magnetic field
1 1 Off
2 2 Off
3 2.5 Off
4 3 Off
5 3.5 Off
6 4 Off
7 5 Off
8 7 Off
9 10 Off
10 Real input On

Result

It is not very straight forward to assume the proper par-
ticle momenta for all the particles in absence of the mag-
netic field, as UrQMD produces particles in a wide range
of momentum and of different masses. So, just taking the
average momentum (or the most probable value) of all the
particles will not help, as the masses are different, too. One
way to deal with this kind scenario would be to check dif-
ferent momentum inputs to plot the x2/NDF distributions
of all the particles and then to select the input momentum
that provides a distribution, similar to the plot given by the
set with the magnetic field on.
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Figure 1: Track quality (in terms of x2/NDF) of 10 differ-
ent set of tracks with varying input momentum.

Figure 1 shows the track quality (in terms of x2/NDF) of
10 different sets of tracks with varying input momentum.
From the result, it is shown that, 3 to 4 GeV of assumed
particle momentum is of acceptable range. But it is to be
noted that, lower the momentum, larger are the errors to be
included during the track fit, which results in better track
quality. So, final estimation can only be made at the testing
of the alignment procedure.
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ML approaches to centrality determination with the PSD

Nikolay Karpushkin, Marina Golubeva, Fedor Guber, Alexander Ivashkin, and Sergey Morozov

Institute for Nuclear Research of the Russian Academy of Sciences, Moscow, Russia

A design feature of the PSD@CBM forward hadron
calorimeter [1] is the presence of a beam hole in the center,
which is motivated by the radiation doses. The presence of
a beam hole in the center of calorimeter leads to the fact
that a certain part of the energy is lost due to heavy frag-
ments escaping through the hole. In this case the depen-
dence of the total energy deposition in the calorimeter on
the impact parameter becomes non-monotonic, making the
task of determining the centrality more difficult, than in a
monotonic case. However, the total energy deposition in
the calorimeter is not the only observable in the event. The
modular structure of the PSD@CBM makes it possible to
use the spatial transverse distribution of energy in separate
modules of the calorimeter. The deposited energies in all
modules, forming together the so-called “energy surface”,
allow, within certain limits, to solve the centrality problem.

The energy surfaces of the hadron calorimeter serve as
input data for machine learning (ML) methods and are used
in a manner similar to image analysis. ML techniques have
proven themselves well in pattern recognition and image
classification. Application of ML methods to determine
centrality classes allows using a larger amount of available
information from hadron calorimeters comparing to exist-
ing approaches, making it possible to determine centrality
over the entire centrality range. To determine collision cen-
trality, two ML approaches have been developed, the super-
vised approach and the unsupervised approach [2].

ML approaches for centrality determination
with segmented forward hadron calorimeters

Supervised approach

The supervised approach is a straightforward application
of ML techniques on the labeled data. The entire avail-
able dataset is divided into training and testing sets. The
training set is used to tune the parameters of a model con-
sisting of dense layers that form a neural network. The
parameters are adjusted to the best determination of the
target variable, which is the impact parameter of the col-
lision. After the training stage, the model parameters are
fixed and the model can be tested on an unused testing set.
Since data labeling that can only be achieved with a specific
physical model is necessary in this approach, the approach
is unlikely to be applied to real physical data. However,
it may serve to confirm that using the calorimeter energy
surfaces one can separate events into centrality classes and
also serves as a reference for the unsupervised approach.

Unsupervised approach

The unsupervised ML approach of centrality determina-
tion with forward hadron calorimeters is based on the re-
cent work of clustering analysis [3]. This approach uses an
autoencoder of data and a deep embedding method, which
allows to divide the available data into clusters according
to the similarity of the energy surfaces of the calorimeter.

The clustering algorithm starts with training the autoen-
coder. The main goal of an autoencoder is to reduce the
task dimension, which improves clustering. Supplying the
calorimeter energy surfaces to the autoencoder input, we
expect to have the same energy surfaces at the autoencoder
output. The trick here is having a bottleneck in the middle
of the autoencoder. Autoencoder is trained in such a way
that the mean square error loss function between input and
output is minimal, and when this is achieved, one can say
that the encoding part is good for reducing the task dimen-
sion to the dimension of the bottleneck.

The second step is to evaluate the centroids of future
clusters. Centroids are the centers of clusters in a reduced-
dimensional space, namely after the encoder. This is done
using the tSNE [4] and KMeans [5] algorithms. The tSNE
algorithm copes well with the so-called “crowding prob-
lem”, which is relevant when applied to the problem of de-
termining centrality, since peripheral events are usually ob-
served in a much greater proportion comparing to central
ones. The resulting interpretation of events is then divided
into clusters by the KMeans algorithm, and the centroids
of the resulting clusters are estimated in the after-encoder
dimension.

The third stage is the process of deep clustering with im-
plementation, which is discussed in details in work [3].

The advantage of the approach is its independence from
the model, since clustering is carried out on the entire avail-
able dataset without involving the target variable. In this
approach, all available data are divided into groups of equal
size. No preliminary training of the model is required, clus-
tering can be performed directly on experimental data. This
feature can be interpreted as model-independence, since the
division of experimental data into clusters can be carried
out directly. The only question that remains open is the
ordering of the received clusters. This ordering can be ac-
complished by using the multiplicity measured by the inde-
pendent tracking system. The only information required is
the value of the average multiplicity in each ML centrality
class. An alternative way to order the clusters is to use the
energy asymmetry in hadron calorimeter [6].
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Figure 1: ML application to CBM@FAIR Au+Au 12A GeV/c collision data. Spatial distributions of particles over the
calorimeter surface “energy surfaces” for central and peripheral collisions (a), impact parameter resolution and mean
impact parameter values in centrality classes (b), confusion matrix of supervised ML approach (c), confusion matrix of
unsupervised ML approach (d)

Application results the unsupervised approach shows slightly worse results for
semicentral collisions.
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Parameters and Databases in CBM
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Introduction

Parameters and Databases (PDB) is a new project in the
CBM Computing project structure. It was created to pro-
vide the database accessibility for collaboration members
and to respond to the need of the centrally managed data
storage of many types. These are detector components,
physics parameters and conditions, physics analysis tags,
geometries, publications and figures, etc.

Software solution

The database functionality is based on TGenBase [1]
- a software solution developed for the STS component
databases. The framework comprises a Laravel based web
server which accepts the requests, handles security and user
authentication; a thin caching layer to improve the response
times and a database layer which then takes care of per-
sisting the data to disk. The requests can be logged and
visualized on demand. The software is containerized with
Docker engine to improve the maintainability and portabil-
ity. Many of these components are interchangeable - e.g.
caching can be realized based on Memcached or on Redis
and database can be based on the SQLite for local develop-
ment, on PostgreSQL for production deployments, or oth-
ers. The web server implements the insert-only data ver-
sioning model in which the data can not deleted, but rather
new versions of them with certain validity interval are cre-
ated.
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Figure 1: Technologies used in the software solution.
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Figure 1 shows software stack used in our solution. Data
flow is depicted with an arrow pointing down.

We provide a graphical data definition interface [2] in
which the user can describe the objects of interest, their
properties and relations between different objects. From

*e.lavrik@gsi.de

this description the web server software and the client li-
braries can be generated, which provide the means to com-
municate with the database. We support C++, Python,
Javascript and LabVIEW clients which are most popular
among our users.

Component databases

One of the most extensive use cases of our solution are
the detector component databases. Detector component
represent a hierarchy of objects with their properties, such
as vendor and quality data, their spatial arrangement, etc.
The STS workgroup used the component database exten-
sively during the sensor and module quality assurance cam-
paign. The database connectivity has been integrated di-
rectly into measurement stations in the laboratory. The
data collected was then extensively analysed and visual-
ized in ROOT and Python environments, which substan-
tially helped the campaign to progress. Figure 2 shows an
assortment of plots obtained by analysing the data queried
from the DB.
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Figure 2: Quality assurance plots for the data queried from
DB.
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Collaboration services

The developed software solution is well suited not only
for detector component data but virtually for anything. We
have applied it to build the collaboration services of the
CBM experiment [3]. First of these is an index of collab-
oration members with the information about their institu-
tional affiliations, etc., synchronized with the LDAP ser-
vice of GSI and used to authenticate and authorize users
with TGenBase. We propose a solution for the collabora-
tion materials - articles and figures released to public. They
are categorized by many criteria based on the data the refer
to, such as collision system and energy, phisycs working
group they belong to, their visibility, etc. The articles and
figures can be looked up by their abstract text and captions,
respectively.

of the spark p ity of a GEM
for the CBM muon chamber ('MuCh)

uCh)

Figure 3: Collaboration database with an index of pub-
lished articles and figures.

Figure 3 shows the web page of the CBM collaboration
service. A published article with its abstract, journal refer-
ence and figures included in it are listed.

Parameter management

Based on the software solution described above, the
Parma framework was developed. It is used from Cbm-
Root to get and store in database the parameters relevant
to the physics tasks, such as particle transport and event
reconstruction. The framework allows to store the Cbm-
Root parameters and detector conditions to be serialized
and stored in different formats in various backends. The
serialization formats supported are text based and human
readable JSON format or compact binary serialisation with
Boost or ROOT. The backends are filesystem based (ROOT
or JSON files) or remote storage services such as TGen-
Base (SQL databases) or fast in-memory key-value storage
Redis. The framework is modular and can be extended to
support other serialization formats and storage backends.

Figure 4 shows the structure of the Parma framework.
The arrows pointing down depict the request flow to reach
the storage backend.

Computing: Parameters and Databases
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Figure 4: Structure of the Parma framework.

Summary

In this contribution we have presented the “Parameters
and Databases” project within the CBM Computing board
structure. The project has a broad scope with many appli-
cations most needed in the CBM experiment. These ap-
plications are based on the commonly developed software
solution, which provides the means for database communi-
cation.

The applications in production mode are deployed with
the database connected to the PostgreSQL centrally man-
aged by the GSI IT department. These databases are au-
tomatically backed up and replicated to prevent the loss of
data.

References

[1] TGenBase - universal database for FAIR experiments,
Journal of Physics Conference Series, 2020, 1667:012025
http://dx.doi.org/10.1088/1742-6596/1667/1/
012025

[2] Data definition interface - https://compdb.cbm.gsi.de

[3] Collaboration services - https://compdb.cbm.gsi.de:
5222

169



Computing: Simulation Software

CBM Progress Report 2020

Recommended SIS100 subsystem positions for simulation of the future
CBM experiment at FAIR
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Introduction

In response to concerns voiced by the Technical Coor-
dinator and CBM Collaboration Board, the two authors
conducted an extensive comparison of CAD and GEANT
geometries for each subsystem of the future CBM experi-
ment at FAIR. The CAD geometry of a subsystem is used
to tackle the many manufacturing challenges in its design
and are submitted by a subsystem engineer to us (staff at
FAIR/GSI) in other to coordinate the process between sub-
systems and the technical inclusion of a subsystem into the
global design of the experiment. The GEANT geometry
of a subsystem is generated by a physicist typically work-
ing within a subsystem group to be used to computation-
ally validate that the subsystem is suitable for requirements
and quantify the detectors sensitivity. These are shared
among subsystem groups in CbmRoot geometry repository
not only to be used to plan important hardware and soft-
ware data processing provisions for real data analysis but
also to model the CBM experiment to investigate key fun-
damental physics questions the CBM experiment may ad-
dress. It is suspected that good communication between the
engineering and simulation personnel within a subgroup is
not always guaranteed.

The approach of our comparison study was to meticu-
lously compare the dimensions and positions of the CAD
and GEANT geometries for each subsystem. Often par-
ticular attention needed to be focused on the distance be-
tween sensitive layers of the detectors and the target as a
crucial factor in maintaining accuracy between the simu-
lation of detector response and future experimental data.
Unfortunately during the course of the survey, it became
apparent that unacceptable divergence between the CAD
and GEANT geometries had become commonplace across
multiple detector subsystems over the last number of years
which required immediate action by the subsystem teams to
rectify. Our study was communicated immediately within
the CBM collaboration at several internal presentations and
discussion rounds as well as at CBM Collaboration week
in October 2020 [1]. Change requests to the respective
subsystem groups, focused on corrections in the lengths
and placement along the beam line with inconsistencies of
width and height seen as less crucial initially as their inac-
curacies were contained with the subsystem and not prop-
agated to downstream subsystems. The critical issues were
immediately addressed by the respective subsystem groups
which meant size variation and shifts of more than one me-
ter in some cases.

*e.clerkin@gsi.de
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Figure 1: The default J/3) muon setup of the CBM exper-
iment in its compact configuration. The GEANT geome-
tries (top) and the CAD geometries (below) are displayed
as their orthogonal projection onto the x=0 plane with front
material (x < 0) clipped to allow visual penetration of sub-
systems.

This document does not report on the changes made to
individual detector subsystem over the last few months as
these are recorded in the subsystem sections of the CBM
progress report, in several technical notes and elsewhere.
Instead this report’s aim is to address the communication
issue which may have lead to this divergence and to em-
phases the currently recommended geometries for simula-
tion and their agreed placement considering physical lim-
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itations. This is intended to ensure that simulation stud-
ies have maximum impact in helping steer engineering de-
sign. In particular, this documents contains standard di-
mension and placement information for each subsystem as
can be best agreed between the GEANT and CAD geome-
tries. It should be strongly emphasised that most informa-
tion in this report will change in the coming years as tech-
nical and physics decisions are made before manufacture of
the subsystems and the final construction of the CBM cave
at FAIR. It is however a reasonable anticipation that these
changes will become less consequential and less frequent
as day zero of our experiment approaches. The data in this
report is the best current knowledge for the placement of
geometries of the future CBM experiment and may be used
for configuration of simulations during year 2021 A.D. but
ought to be considered defunct soon thereafter.

Official Experiment Setups

In preparation for the start of the CBM experiment
and its investigation of the physics frontier, there are
four standard setups of the experiment which are widely
distributed within the CbmRoot software framework and
encouraged for preparatory simulation. These setups differ
in the types of detectors and subsystems installed as well as
their placement with respect to the target and their internal
configuration. Tab. 1 lists the default GEANT geometries
recommended to be used for simulation of the CBM ex-
periment when it is configured to be in the Electron setup,
the Hadron setup, the J/3) muon setup and the low mass
vector mesons (LMVM) setup. The detector selection for
each of these setups listed in this table coincide with those
defaults in legacy setup files in the CbmRoot geometry
repository and are not necessarily a recommended detector
set for specific physics investigations.

Computing: Simulation Software

Subsystems’ Geometries Summary

Fixed Position Subsystems

The magnet’s GEANT geometries comes in a variant
with clamps ’v20a’ and without clamps °v20b’ as listed
in Tab. 1 and as a visible in Figs. 1 and 2. The clamps
are used when the Ring Imaging Cherenkov (RICH) detec-
tor is installed on the mount directly behind the magnet,
Fig. 2. The 19 cm long field clamps limit the stray field of
the magnet to a maximum of around 0.5 mT in the RICH
photon detectors [2] and lead to the difference, between the
two versions seen in Tab.2, in distance between the target
and the magnet’s most upstream point. A mini rail allows
the RICH to be pushed neatly into position between the top
and bottom clamps [3]. When the MUCH is instead re-
quired, the clamps are removed and it is pushed into place
by a hydraulic drive, moving the whole array of sensors and
absorbers perpendicular to the beam axis [4] .

The first absorber of the MUCH matches the shape of
the magnet, so that a part of it slides inside the yoke be-
fore operation. It is noted that the CAD measurements re-
main the same due to the frames required to hold the de-
tector layers and absorbers in place irrespective of whether
the MUCH is in a configuration with three absorbers or
with four absorbers. In the case of the “START” configura-
tion, the space of the 4th absorber is still needed for addi-
tional mounting brackets that counter the otherwise uneven
weight distribution and so there is no space saving from us-
ing one less absorber. Behind the MUCH, a 5th absorber
may be installed, in particular for the J/i) setup, which is
visible in the CAD panel of Fig. 1. In the case of the
GEANT geometries, the MUCH comes in three variants,
one optimised for simulation of low mass vector mesons
(LMVM) with 4 absorbers and one for J/1 setups which has
all 5 absorbers as default. A “START” geometry, ”v20b” is
also available with 3 absorbers and 2 GEM stations for Au
beams less than 4A GeV. The 5th absorber consumes 1 m
length of the experiment and can be seen as the large pink

SUB width | height | length | position

SUB Electron | Hadron I LMVM MAG 4.4 3.7 2.0 -0.6

MAG v20a v20a v20b v20b MAG (clamps) 2.38 -0.79
PIPE vléb_le | vliéb_le | v20a_lm v20a_lm MVD (TR) 0.8 0.8 0.525 0.04
MVD v20c_tr v20c_tr - - MVD (VX) 0.01

ISJSH Vlv;j“le viva visa vioa STS 238 | 1423 | 1338 | 03

voe | © | vaoeripsi | v20atimvm RICH 60 | 5478 | 22 | 1788
TRD | v20b_le | v20b_lh | v20b_lm | v20b_lm MUCH (/¢ 50 | 50 | 352 1.25
TOF v20b_le | v20b_1h _ _ MUCH (LMVM) | 3.88 4.03 2.5 1.25
PSD v20a - - - MUCH (START) | 3.258 | 3.258 1.6 1.25
PLAT vl3a vl3a vl3a vi3a 5th Absorber 5.0 5.0 1.0 3.77

Table 1: The 2020 geometry versions recommended for
each subsystem (SUB) for simulation of electron, hadron,
Ji) and low mass vector meson (LMVM) experimental se-
tups of the CBM experiment at FAIR. The **’ abbreviates
’_sis100_1m_’ in the tag name.

Table 2: Position and dimensions of stationary detectors.
All measurements are in meters, width is the left to right
view looking at the subsystem (SUB) from the beam per-
spective, height is vertical, and lengths are along the beam
axis. The subsystems are centred on the beam axis.
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Figure 2: The Electron setup of CBM experiment in its
compact configuration. The GEANT geometries (top) and
the CAD geometries (below) are displayed in their orthog-
onal projection onto the x=0 plane with material closest the
observer clipped to allow visual penetration of the subsys-
tems. All subsystems are placed in their default positions
except the PSD which is centred on the beam axis at 10.2 m
from the target.

rectangle before the transition radiation detector (TRD) in
the GEANT panel of Fig. 1 and as the green rectangle in the
CAD panel of the same figure. Although, not observable in
our diagram, the proportion of the block, also green, imme-
diately below the 5th absorber is entirely removable when
not needed. However, when installed it reduces the closest
placement possibilities of downstream detectors by up to
1 meter, cp. difference between min and min* columns of
Tab. 3.

Enclosed inside the magnet yoke between its two
coils [5], the silicon tracking system (STS) box is placed
such that its 2nd station is positioned at the centre of the
magnet, ergo its magnetic field. The STS forms the basis
of the tracking and reconstruction for the CBM experiment
and therefore present in all the standard experiment setups.
Germane information regarding the CAD and GEANT ge-
ometries of the STS are contained in the Technical Note,
Ref.[6], and the references therein. The “v19a” version
of the STS geometries is currently recommended for all
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four setups, although as some recent changes are waiting
approval to the STS CAD, it is expected that an updated
GEANT geometries will follow soon. Inside the STS en-
closure, adjacent to the target with a few centimetres, the
micro-vertexing detector (MVD) is situated. The MVD
GEANT geometries come in two variants, or modes, one
intended for vertexing (vx) and one intended for tracking
(tr), where the internal sensor module design, their config-
uration and spacing between modules are modified. Details
are the recorded in the technical note [7]. The currently
recommended “v20c_tr” for tracking simulation where the
most upstream volume of the sensor layer comes to 4 cm
from the target and “v20c_vx” for simulation using vertex-
ing mode where the upstream volume of the sensor is 1 cm
from the target. Although the beam pipe is not a focus of
this manuscript, we note that it is currently under active
technical consideration and several CAD geometries were
received. The two beam pipe geometries listed in Tab. 1,
one to be used in conjunction with the RICH and one when
the MUCH is instead installed, are therefore expected to
change in the coming year. It is noted that for all geome-
tries which are relatively close and in fixed position with
respect to the target, i.e. all those in Tab. 2 use the target
as their internally defined origin in the GEANT root file. It
has been proposed that this may change in the future. Tab. 2
contains the measured dimension and placement according
to the CAD model for the fixed position subsystems.

Detectors on Rails

Detectors listed in Tab. 3 are further from the target than
those in Tab. 2 and are mounted on a system of rails which
is visible in the bottom half of the CAD panel of Fig. 2.
This allows them to vary their position with respect to the
target. The “min” column of Tab. 3 contains the minimum
distance between the centre of the target on the beam axis
and the most upstream part of each detector projected on
the beam axis. In Cartesian coordinates defined with the
target as its origin, this would be the standard z compo-
nent of the vector to the most upstream point of the detec-
tor. For the special case when the MUCH’’s fifth absorber
is installed, such as for Fig. 1, the closest placement of the
detectors in Tab. 3 are pushed back, and the new closest po-
sition relative to the target is listed in the “min*” column.
In general the closer a detector is to the target, the greater
the total interactions of the beam and target which falls un-
der the steradian suspended by the height and width of its
sensors. It is therefore of active interest for many detec-
tor subgroups to keep the values in the “min” and “min*”
as small as possible, and the compact configuration of a
setup is thus a useful configuration to study and simulate. It
should be cautioned however that these compact positions
as yet do not take safety margins and gaps between the de-
tectors into account but merely prevent material collisions
between the detectors. The furthest distance that each de-
tector may be placed from the target is the same across all
setups and is shown under the “max” column of Tab. 3. The
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SUB placement range

DET | width | height | length | min | min* | max
TRD 9.9 8.55 2.9 4.1 4.8 | 12.2
TOF 13,5 | 10.78 | 2.19 6.9 7.7 | 151
BFTC | 1.98 1.98 0.59 94 | 10.0 | 16.2
PSD 485 | 1004 | 196 | 10.1 | 109 | 183
lat. -09 | -09 | 09
vert. -0.7 | 0.7 | 0.7
angle -3° -3° 3°

Table 3: The position and dimension for the downstream
detectors. Dimensions, not labelled, are in meters from the
target to the most upstream point of the subsystems pro-
jected onto the beam axis where the “min” column contains
the closest placement and “max” its furthest placement.
The “min*” column contains a modified closest placement
when the MUCH’s 5th absorber is installed, cf. Tab. 2. The
PSD frame allows it to shift its lateral, vertical and angular
placement with respect to the beam axis.

electron setup in its most compact configuration is shown
in Fig. 2 with distances from the target corresponding to the
“min” column of Tab. 3, whilst Fig. 1 shows the J/1) setup
in its compact configuration where the TRD, the only de-
tector on rails in this setup according to the current defaults
shown in Tab. 1, is placed at a position consistent with the
value in the “min*” column of Tab. 3. The TRD may be
moved on its rail system from 4.1 m to 12.2 m from the
target when the 5th absorber of the MUCH and its base is
removed. Information regarding the design and mounting
frame of the TRD is contained in Ref.[8]. Downstream for
the TRD, the Time of Flight (ToF) detector is intended to be
omnipresent during the lifetime of the experiment although
it may be pushed back to more than 15 m from the target.
Its frame extends more than 5 m above the beam axis which
is more than 13 m above the ground of the cave although
the top and bottom 50 cm of the frame contain no sensors
in the current official designs. It is pointed out that the left
most sensors of the ToF within 1 meter from the beam axis
in the CAD panel of Fig. 2 are invisible in the diagram due
to the choice of white being used for both the sensors and
the background of the diagram.

Following a presentation [9] at the 36th CBM Collab-
oration Meeting and its subsequent discussion, it became
apparent to the authors of a strong desire within the col-
laboration to make a consorted effort to make space pro-
vision for inclusion of the proposed Beam Fragmentation
TO Counter (BFTC) detector. It is proposed that the BFTC
will match the acceptance of the projectile spectator detec-
tor (PSD) which is directly downstream. A length of 30 cm
for the BFTC with a 20 cm gap to the ToF detector and
a 80 cm gap to the PSD was communicated following the
results of simulations. As the frame of the ToF detector
already allowed for the necessary gap on its side, a 1.1 m
length of the beam axis was allocated. Subsequently it has
emerged that the size of the BFTC is most likely to be larger
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than first anticipated. This change would increase the clos-
est approach “min” and “min*” of Tab. 3 of the PSD by
29 cm and the the maximum extension “max” of Tab. 3 for
the TRD and the ToF may need to be reduced by the same
amount.

As a consequence of its bespoke frame, visible in the
CAD panel but absent in the GEANT panel of Fig. 2, the
PSD is capable of moving vertically above or below the
beam axis, laterally to the left or right of the beam axis,
or rotating its pointing angle in the horizontal plane, cf.
Ref.[10]. As the manipulator frame has been manufactured
and currently being stored in a warehouse, further design
modifications are highly unlikely. On the other hand, the
rail system on which the PSD manipulator frame will be
mounted has not yet been officially submitted. It is for this
reason, in the CAD panel of Fig. 2, the PSD is unsupported
at present. Although it is noted that a possible design for
the mounting frame is contained in this journal in Ref.[10].
The four rows in Tab. 3 give the range of movement for
each of these four degrees of freedom. Some of these pos-
sible placements are not intended for simulation of normal
operation of the experiment but rather for detector calibra-
tion. The currently recommended version “v20a” of the
PSD geometry may be shifted and moved as desired using
its translation matrix within the CbmRoot software pack-
ages. The current default placement is at 10.5 m along
the beam axis with no vertical displacement shifted to the
left of the beam axis by 12.95 cm and rotated by (34)° in
the horizontal plane, in order to be consistent with a 12
AGeV/c beam.
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CBM-MVD: Updated MVD simulation geometry

P. Klaus*', M. Koziel', J. Michel', C. Miint7', J. Stroth'2, and the CBM MVD team"*3
!Goethe University Frankfurt, Germany; 2GSI, Darmstadt, Germany; *PICSEL group, IPHC Strasbourg, France

This report summarizes the recent updates of the sim-
ulation geometry of the CBM-MVD. Details about them
were also published in a CBM computing node [1]. The
simulation geometry is a virtual mock-up of the detector
for use in the software simulation of the CBM experiment:
CbmRoot. Primitives — basic three-dimensional volumes
— are used to implement simplified models of the relevant
matter making up the detector. This serves two purposes
in the simulation of heavy ion collisions: (1) to simulate
the detector response, and (2) to model the material entry
in front of all subsequent detectors, which can affect their
performance due to multiple-scattering and conversion.

In the past years, the MVD geometry v17
was part of multiple experimental simulation
setups of CBM (for example in the setups

sis100_electron, sis100_electron_sts_long, sis100_hadron,
sis100_hadron_sts_long, and sis300_electron as of the
APR20 release of CbmRoot). In order to adjust the ex-
pected material budget of the detector and to comply with
the new CbmRoot standard to place detector geometries
in the experiments’ coordinate system, updates were
necessary to the MVD geometry. The updated geometries
version tag starts with ‘v20’ (except for v17b, which was
unchanged except for placement and was also introduced
in 2020).

Main Changes in the the new Geometry Versions:
First of all, it’s important to note that the MVD geometries
of the v17 and v20 series are in most part very similar or
even identical. Most notably, the dimensions of the sen-
sors, their number and placement is identical across all of
the different versions.

There are, however, a couple of significant changes be-
tween the different versions and the major changes are out-
lined below:

e vl7a — v17b: identical, but different placement in
the global coordinate system (motivated by change re-
quest of STS).

e v17 — v20: TPG carrier in the second station instead
of diamond (vx configuration); increased thickness of
TPG carriers, increased thickness of heat sink Al, cor-
rected diamond density; addition of a top and bottom
plate.

e v20a — v20b: increased TPG thickness even further
(dedicated variant to study the potential impact of a
higher material budget).

*p.klaus@gsi.de

e v20a — v20c: identical, but different placement in
global coordinate system.
Please refer to [1, Table A.1] for a detailed comparison of
the major differences and features of the geometries v17a/b
and v20a/b/c.

Realistic Cross-Section
of an MVD Station chip

connector.
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Simulation Geometries

300500 um 776

Figure 1: Compare lower to upper figure for simplifications
for the simulation geometries

[ —]
Exploded View

L

Figure 2: Exploded view of the simulation geometry
v20c_tr of the CBM-MVD.
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Software developments within the TRD project

P. Raisig*!, E. Bechtel', A. Meyer-Ahrens®, and D. Emschermann®

nstitut fiir Kernphysik, Frankfurt am Main, Germany; 2Institut fiir Kernphysik, WWU Miinster, Germany; 3GsI,
Darmstadt, Germany

In the last years a framework for simulation and re-
construction of TRD data was successfully developed and
used. These efforts were now documented in a dedicated
internal note, which focusses on the digitizer developments
[1].

One of the most important challenges for the CBM-TRD
software project during 2020 was the integration of the
reconstruction and analysis of real data into the existing
framework. The data taken during the DESY 2019 and
mCBM 2020 campaigns (see [2, 3]) provide the opportu-
nity to test and expand the given framework for real data
reconstruction and analysis.

As example for the successful reconstruction of TRD
data from the mCBM beamtime 2020 see Fig. 1 and the
corresponding article in this report [3].
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Figure 1: Spatial distribution along x (top) and y (bottom)
of the reconstructed TRD hits, measured during run 831
of the 2020 mCBM campaign. The observed distributions
meet well the expected combination of acceptance x ef-
ficiency. The asymmetries seen over the extend of the in-
stalled chamber result from the combination of the position
of the chamber in the setup and a not fully symmetric ac-
tive readout of the chamber. Since the installed chamber is
a prototype with large readout-pads along the y-direction,
only a very reduced spatial resolution is expected along this
direction.

Part of the efforts required to enable a successful data
reconstruction is a parameter based calibration of the data.
This is now fully integrated into the framework, based on
the FairRoot parameter functionalities. In the latest de-
velopments of the real data reconstruction the TRD was
successfully included into the common data reconstruction

* praisig @ikf.uni-frankfurt.de

chain, which is an important step towards more complex
analyses including the TRD (see also [4]).

As well understood reference for the position-
reconstruction performance, a center-of-gravity algo-
rithm (COG) is implemented as default for the reconstruc-
tion of the hit position in modules with rectangular readout-
pads. However, the COG approach introduces biases into
the position reconstruction, for example due to hard cutoffs
at low energies. In former analyses different algorithms
have already been investigated to overcome these biases
[5]. One of these algorithms, the so-called "SECHS” al-
gorithm (see e.g. [6]) is now implemented as alternative
option to the COG.

Revision of the geometry representation in GEANT:
in order to proceed towards a more realistic version of the
TRD, a first design of a detailed support structure was de-
veloped [7]. On the software side this requires the inclusion
of the support structure into the GEANT representation of
the TRD. As first step the expansion of the TRD along the
beam direction, as required by the current support structure,
was varied to investigate the influence on the TRD physics
performance. The current version, depicted in Fig. 2, cor-
responds to the maximal additional elongation of the TRD
of 100 cm along z. It will be set as default for the SIS100
GEANT representation of the TRD.

Figure 2: TRD GEANT geometry with 71 cm thick layers.

As next steps, the complete software used to produce the
GEANT geometry of the TRD will be revised. The inclu-
sion of the support structures themself in full detail will be
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part of this effort.

At the end of 2019 a detailed code documentation

project was started within the TRD group. The project

is
on

based on the GitLab Pages package [8] and published
the CBM git server. Since then, the "CBM TRD soft-

ware guide” is being constantly updated. Up to now, it
contains information about the geometry, simulation, re-
construction, parameter, analysis and DAQ software of the
TRD project and it will be continuously expanded as fur-
ther software developments proceed.

(1]

(2]

[3]

[4]

[3]

(6]

[7]

(8]
[9]

Work in progress and
outlook for the next year

e Radiator simulation: together with the analysis of
the data taken during the DESY 2019 campaign [2],
which is supposed to further investigate the radia-
tor performance, the software structures handling the
simulation of the radiator are being revisited.

e TRD-Analysis-Framework (TAF): with plenty of
beamtime data already recorded and much to come
in near future, e.g. mCBM 2021, the need for a
well structured, TRD focussed analysis framework is
given. Therefore, an effort was started to implemented
such a framework.

e Energy and time reconstruction: currently algorithms
are developed which are fast enough to run online and
still allow a high precision reconstruction of the hit
time and energy.
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CbmRoot containerized environment

E. Lavrik*
Facility for Antiproton and Ion Research in Europe, Planckstrale 1, 64291 Darmstadt, Germany

Introduction

CbmRoot is the main analysis package of the CBM Ex-
periment. It is based on the ROOT C++ framework, a long
time standard tool of every high energy physics experiment.
The experiment software stack comprises three levels of
software dependencies: FairSoft - an umbrella framework
of extra tools and packages, FairRoot - a common soft-
ware framework for all FAIR software projects, and finally
CbmRoot - software packages which directly relate to the
CBM experiment. The software is disrtibuted in the form
of the source code and users are expected to build it them-
selves. Building the software requires user to have appro-
priate skills and have the software prerequisites installed in
the system. Building times are long and might take hours.

This contribution explores the possibility to harness the
power of the Docker [1] containerization engine.

CbmRoot in Docker containers

The software containers provide an encapsulated work-
ing environment which is the same for every user, elim-
inating possible environmental issues and reducing main-
tenance costs. The containers are built with Dockerfile -
text-based recipes which contain all necessary actions to
get to the desired working environment. Once built, the
containers can be distributed among computing resources
and deployed rapidly on many modern operating systems,
including Windows, macOS and Linux.

In this work we have built the CbmRoot containerized
environment. It allows both running physics tasks (such as
particle transport or event reconstruction) and further de-
velopment of the CbmRoot itself from within the container.
The graphics visualisation based on the X Server is avail-
able to the host machine. The source code is available in
the repository [3].

Jupyterhub graphical interface

Project Jupyter [2] provides the web-based interactive
programming environments for data scientists and appli-
cation developers. It was mainly used in conjunction with
Python programming language, but other languages such
as R and C++ are also supported. ROOT framework has
Python bindings since a while and Jupyter notebook inte-
gration since 2015 with ever-improving functionality.

In this work we also have built the Jupyter container
which allows to load the CbmRoot libraries and execute

*e.lavrik@gsi.de

the custom user analysis code with them. We demonstrated
that Jupyterhub can be used for the analysis of the mCBM
data taken in spring 2020.

In [1]: tjsroot on

In [2]: auto *f = new TFile("/lustre/597.root")
(TFile *) 0x7£56180a31d0

In [3): auto *tree = (TTreer) f->Get('cbmsim")

(TTree *) 0x7£56184b0c80
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In [5): cl->Setlogz();
c1->Draw();
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Figure 1: Caption

Figure 1 shows a snippet of a program to monitor the
quality of data arriving from the Silicon Tracking System’s
read-out electronics.

Summary

In this work we have developed the containerized en-
vironment for the CbmRoot. It substantially reduces the
hurdle to start working with CbmRoot by removing the ne-
cessity to build the software yourself - instead it will be
downloaded and preconfigured.

The Jupyerhub container built in this work allows for
easier start into data analysis with a support for interactive
immediate visualization of user’s data.
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The long way from Subversion to GIT

F. Uhlig'
!'GSI, Darmstadt, Germany

In this report, we will discuss the migration from the pre-
viously used version control system Subversion to the new
version control System git and why we did this migration.

Version Control Systems

For members of of an experiment like CBM it may be
needed to reanalyse data with an older version of the analy-
sis software which means being able to use exactly the soft-
ware from that point in time. In software engineering such
tools for source code management are very common. Such
source code management or version control systems are
tools responsible for the management of changes to soft-
ware, documents or other collections of information. In the
following we will use always the term source code for any
information managed in a version control system and the
complete managed information as repository. All changes
to the source code are identified by a revision which al-
lows to access the state of the code for any point in time
when knowing the revision for the point in time. For the
development of the the CbmRoot software the CBM col-
laboration has used meanwhile three different version con-
trol systems. The development of CbmRoot started in July
2004 with the Concurrent Version System CVS [1] which
was used till September 2006 when the repository was mi-
grated to a the new version control system Subversion [2].
Subversion was then used over a period of nearly 14 years
till June 2020 when the migration to a new version con-
trol system was done. Since June 2020 the development
of CbmRoot is done with git [3]. One of the main new fea-
tures of git and also one of the reasons for the migration to it
was that git is a distributed version control system whereas
CVS and Subversion are central version control systems.

One of the main drawbacks of Subversion was that the
development workflow is to a large extend defined by the
version control system. When using Subversion, the work-
flow for the development of CbmRoot allowed a large num-
ber of developers to commit their changes to different parts
of the repository which results in situations when the state
of the central repository was broken such that it was im-
possible to use or even compile CbmRoot. The new source
code management system should therefore allow to check
the changes and potentially rejects them before they could
enter into the central repository. With a central version con-
trol system it is also not possible to keep track of local de-
velopments without committing the changes to the central
server, so the new system also should allow to have the full
history of the local development available locally. Only the
final stage after finalising the development is then commit-

ted to the central repository.

After long discussions which took more then one year
and some in detail testing it became clear that git is the
choice for the new distributed version control system.

With GitLab [4] we choose also a web-based frontend to
the git repository server which not only allows the source
code management. GitLab also allows to implement a new
development workflow with automatic Continuous Integra-
tion or a review process before code is accepted.

Cleanup of SVN repository

Over the 16 years of CbmRoot development the reposi-
tory has grown to a size of more than 2GB and to a very
complex directory structure, so the migration from one
code managment software to another one was also used for
a cleanup of the content and the structure of the software
repository.

To make the transition as simple as possible all changes
were done still inside the Subversion (SVN) repository and
only the final revision was imported into the new git repos-
itory. This results in a clean first revision of the git repos-
itory without losing the history which is still accessible
SVN repository. The last revision in Subversion and the
first revision in git are absolutely identical.

The main reason for the large size of the SVN reposi-
tory was a large number of binary files which were added
over the years. For text files only the differences between
two versions are stored in the repository which are only of
small file size. Besides the normally larger size of binary
files the difference between two versions is always the com-
plete file. So in the cleanup most of the binary files were
removed from the CbmRoot repository and moved into sep-
arate repositories if still needed. Currently there are three
such repositories which contain binary files. The param-
eter repository which contain parameter files, the geome-
try repository which contain the geometrical descriptions
of the detector systems stored in binary files and the input
repository which contain for example the field maps of the
magnet which are also stored in binary format. All three
external repositories are included into the CbmRoot source
directory automatically when building CbmRoot such that
there is no visible difference for the CbmRoot users.

There were also a large number of files which were in
the repository only for historical reasons, for example code
for detector systems which were planned in the beginning
of the CBM project but meanwhile have vanished from the
current plan of CBM. All of these files were also moved
from the working branch of the SVN repository into some
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legacy branch such that they are still available in future
from the old SVN repository if they are needed.

Due to the long history of the SVN repository and also
due to the SVN workflow the director layout and also the
dependencies between different parts of the code were not
according to the needs but mostly legacy. Before reworking
the directory and also the dependency structure there were
nearly 40 directories on the top level, one for each detector
subsystem and then many with names which do not explain
there intention. After the rework only roughly ten direc-
tories survived. The main ones are core, sim (simulation
of the experiment), reco (data reconstruction) and analysis
(data analysis). The core directory contains code which is

Computing: Software Development Infrastructure

testing and manual code review. A detailed tutorial which
explains the development workflow in detail and guides
a new user through the workflow step by step is found at
https://git.cbm.gsi.de/notes/computing/gitlab-tutorial.

Since the development is completely decoupled from the

official repository the user has only to synchronise his de-
velopments with the current state of the official repository
before he creates a Merge Requests. Every user is there-
fore able to do his developments without interference with
other users. Because only tested and reviewed code enters
the official repository the workflow produces a stable state
at any time.

The current workflow as well as the CI pipeline was im-

plemented with tools provided by GitLab. The CI pipeline
finally starts on several test computers the scripts devel-
oped by the CBM Collaboration. This separation allows
us to concentrate on the tests itself but not on the question
how and where to run the different tests. The development
started with only one test in one stage testing if the cur-
rent state of the repository including the changes from the
Merge Request correctly compiles. Meanwhile the pipeline
is much more complex as can be seen in figure 1 and con-
sists of three stages. Most of the new tests were added when
a problem was found, either in the developments workflow
or the code itself. In the first stage it is tested if the Merge
Request can be properly merged. Only if both tests of this
stage succeed the tests in the second stage start. In this sec-
ond stage it is tested if the file format is correct and if the
code is properly formatted according to the coding conven-
tions. In figure 1 the test of the code format did not succeed
such that the tests of the third stage of the pipeline are not
started at all. In the last stage of the pipeline the code is
compiled on several different operating systems and finally
the test suite is run. Only if the complete pipeline succeeds
a reviewer will manually review the code.

needed by more than one of the other top level directories.
It contains for example data classes which are needed for
simulation, reconstruction and data analysis. Inside these
four top level directories there is now always a clear sub-
structure with a naming scheme which explains the inten-
tion of the directories. The new structure also helped to
cleanup the dependencies between the different part s of
the code and to remove some circular dependencies. Fi-
nally for example there is no longer a dependency between
code residing in the sim and the reco directory.

Preparation of GIT repository

Parallel to the cleanup of the SVN repository the prepa-
ration of the GIT repository was pushed forward. The main
two issues which had to be implemented on the git or more
precisely GitLab side were the implementation of the new
development workflow and the for this purpose needed im-
plementation of the Continuous Integration (CI) pipeline.

During the parallel development in SVN and GIT a read-
only version of the CbmRoot repository was available in
GitLab for testing. This version of CbmRoot was synchro-
nised from the official CbmRoot SVN repository for each
commit.

The implemented workflow described here is inspired
by the workflow used for the development of the FairRoot
project. It should solve the problem that broken and not
approved code enters the repository and aims at providing
a stable repository at any time and should allow a simulta-
neous development by several users.

Every development starts from the official repository on
the GitLab server and finally ends there again when the
user development is incorporated into it. The actual de-
velopment is separated from the official repository and is
done in a copy of the official repository in the user ac-
count on the GitLab server. The user development can
only enter the official repository when the user requests
that his code should be incorporated, it is not possible by
any user to simply change the official repository without
such a Merge Request. Before the Merge Request can be
incorporated (merged) the changes have to pass the Con-
tinuous Integration pipeline and finally have to pass addi-
tionally the review process by a responsible person. So
no code can enter the official repository without automatic

CheckRepository CheckFormat Build

~

@ LinearHistCheck ' = ® CodeFormatCh... & CbmRoot_Merge

(© revasecheck © Fietndcheck & CbmRoot_Merg

©) Filerormatcheck & CbmRoot_Merg

Figure 1: Continuous Integration pipeline
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Machine learning application for lambda baryon physics analysis

S. Khan', V. Klochkov', O. Lubynetsz, A. Dubla?, and I. Selyuzhenkovz’3
"Eberhard Karls University of Tiibingen, Germany; 2GSI, Darmstadt, Germany; *NRNU MEPhI, Moscow, Russia

Enhanced production of strange baryons can identify the
formation of quark-gluon plasma in heavy-ion collisions
[1]. Lambda (A) is the most abundant strange baryon pro-
duced at FAIR energies. It weakly decays, with a branching
ratio of 64%, into a proton and a negatively charged pion
(m7). To reconstruct A all proton and 7~ tracks are com-
bined to make its invariant mass spectrum. For the reduc-
tion of combinatorial background specific selection criteria
are applied to the proton and 7w~ tracks.

In the already existing Kalman Filter Particle Finder
(KFPF) package for online reconstruction and selection of
short-lived particles in CBM, these criteria have been man-
ually optimized. These selection-cuts have been selected to
maximize the signal to background ratio (S/B) of the A for
a certain energy on a collisions generator. The selection cri-
teria mainly depends on the collision energy, decay chan-
nel and detector configuration. Unlike the current imple-
mentation, the selection criteria based on Machine Learn-
ing (ML) algorithms can be adjusted automatically by the
algorithm for different input data-set. Another advantage
of using ML is that it applies a final non-linear and multi-
dimensional selection criterion. To optimize selection cri-
teria for A and other particles, ML can use as many vari-
ables as one wants associated with particle candidates. In
this work we are only using the variables used by KFPFi.e.:
squared distance between the daughter tracks and primary
vertex (PV) divided by its error, the closest distance be-
tween tracks, squared distance between daughter tracks di-
vided by its error, and distance between PV and secondary
vertex divided by its error.

Following the footsteps of the ALICE collaboration [2],
ML algorithm Gradient Boosting from XGBoost library [3]
is used in our work. For training and testing, a UrQMD
simulated sample has been used. This data-set contains 90k
A candidates and 270k background candidates. For the al-
gorithm’s hyper-parameters search i.e. to tune the various
parameters of the algorithm so that it fits better on the train-
ing data, Bayesian optimisation [4] is used. Over-fitting
of the algorithm on the training data are controlled with
the help of the Receiver Operating Characteristic (ROC)
and Area Under the Curve (AUC). The algorithm returns
a probability distribution between 0 and 1 for given input
variables. Candidates which are close to 0 are considered
as background with most certainty and vice versa. On this
probability distribution, approximate median significance
[5] is used to maximise S/B.

The trained-tested model is then applied on a simulated
UrQMD file containing 10k events and 12909 As, after
cleaning the data by removing outliers. The As selected

by XGB, true positives, are 10513 (81.4 %), and by KFPF
are 9877 (76.5 %), revealed by the Monte-Carlos (MC) in-
formation through Confusion Matrix (CM) investigation.
Also CM shows that XGB suppresses the background two
times better than KFPFE. The invariant mass histogram of
the A is shown in Fig. 1 after the selection cuts of KFPF
and ML algorithm XBG. Our code is available on Google’s
colab on this link [6].

The algorithm will be tested for stability on different en-
ergies of UrQMD, DCM-QGSM-SMM and SMASH, in
the near future. Other variables, for example cosine of
the angle between A and proton tracks, will be included
in the selection criteria after performing correlation studies
on them with invariant mass and momentum. Also it will
be tested on other strange and multi-strange particles and
nuclei. When the experiment will start acquiring data then
the background in the train-test data will be taken from that
data, this will make our algorithm partially independent of
collisions simulating models.

The lambda's Invariant Mass histogram with KFPF and XGB selection criteria

XGBoost
800 KFPF

N N omamas 1

L bt

1.09 1.10 111 112 113 114 115 1.16 117
Mass in GeV

XGB / KFPF

Figure 1: The upper histogram shows XGB and KFPF ex-
tracted signal out of a UrQMD simulated data set contain-
ing 10k events at 124 GeV/c. The lower bar graph is the
ratio of the above two histograms i.e. XGB/KFPF.
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Reconstruction of hypernuclei with PFSimple

S. Gldpel and C. Blume
Goethe Universitit Frankfurt

At beam energies of around 124 GeV at FAIR in
combination with the high interaction rates at CBM the
condidtions for an exceptionally high amount of measur-
able hypernuclei will be created [1]. For the analysis of
hypernuclei, the PFSimple package [2] was developed fur-
ther. PFSimple is a software to reconstruct hadrons, based
on the KF Particle Finder [3]. The updated version of
PFSimple now allows the user to analyse any 2- or 3-body-
decay and adjust the cuts as required. The reconstruction of
?’\Had+p+7r_ (BR:40.1 % [4]) is presented as an example.

As simulation input, iH, as well as light nuclei like
deuterons, tritons and 3He, were embedded into 45,000
UrQMD-events (Au+Au, ppeam = 124 GeV/e, 0-5% most
central). For realistic multiplicities of 3H (0.087 per
event, extrapolated from dN/dy|,—o [1] to 4) also events
without §H were produced and scaled accordingly. The
pr- and the y-distributions of the embedded particles were
based on a fit of experimental data from E864 [5] with
a thermal distribution for pr and a double Gaussian in
momentum space for y [6].

The reconstruction of a 3-body-decay in PFSimple is
executed in two steps: First a temporary mother of two
daughters is reconstructed at their point of closest approach
(PCA); then the third daughter is added at the secondary
vertex (SV) of the temporary mother. To reconstruct iH,
the following cuts were applied as a starting point: x? to
primary vertex (PV) > 18.42 for all daughters, distance be-
tween the first two daugthers (p and 77) at PCA < 1.0 cm,
x? of temporary mother < 3.0, distance dgy of d and SV
< 1.0 cm. Further cuts were applied and tested to improve
the reconstruction quality. The signal-to-background-ratio
S/B and the efficiency e of three cuts are shown in Fig. 1:
on the distance dgy, on the decay length L of the mother
particle and on x?2 to PV of the temporary mother. The
mass spectrum for dgy < 0.1 cm is shown in Fig. 2. A
S/B = 7.52 at an efficiency € = 0.16 inside the acceptance!
can be achieved.

Further developments of PFSimple will include the im-
plementation of a realistic detector PID, replacing the cur-
rent MC PID; the TRD-dE/dx information will be incor-
porated to separate d and *He. The reconstruction of rare
hypernuclei like 3 He and ?\ AHe will be studied. Using
PHQMD events, different combinations of target- and pro-

IThe detector acceptance for the 3-body-decay of 13\1-1 is 0.2857 for a
minimum of three MC hits for all daughters.
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Figure 2: Mass distribution for f\H for 45,000 UrQMD-
events with embedded (hyper-)nuclei signals.

jectile nuclei, beam energies and centralities will be anal-
ysed in order to develop an ideal scenario for the measure-
ment of hypernuclei.
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Proton rapidity-transverse mass spectra reconstruction in CBM experiment

E. Volkova*"%, H. R. Schmidt"2, and V. Klochkov'

!'University of Tiibingen, Germany; 2GSI, Darmstadt, Germany

Rapidity (y) and transverse mass (m7) distributions of
net-baryons are sensitive to the different equations of state
(EoS) [1, 2]. Since we can’t measure the neutrons and the
number of antiparticles at CBM energies is significantly
less than number of particles, we will use the proton ra-
pidity distribution instead net-baryon one’s. In this report
CBM performance on proton y-mq spectra reconstruction
is studied.

CBM will be a fix-target experiment at the SIS-100 ac-
celerator in GSI, Darmstadt, Germany. The momentum
range for Au beam will be 3.5-124 GeV/c, the detector
acceptance will cover range 2.5° < 6 < 25° in azimuthal
angle. In this work Au+Au collisions are simulated using
the THESEUS model generator with the crossover EoS[3].
For the proton selection correction UrQMD model has been
used. Generated events were passed through the CBM de-
tector simulation and reconstruction software (CbmRoot
version Apr20). The impact parameter is fixed atb = 2 fm
for both models, beam energy is 10A GeV and the statistic
is 95k events.

10 AGeV/c, b = 2fm, m_ projection of proton reconstructed
and corrected y-m, spectra, 95000 events

Entries

r THESEUS MC
[~ mmeee THESEUS reco raw

[ THESEUS reco corrected
UrQMD MC

=+ UrQMD reco raw

1 1 L 1 1
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Figure 1: THESEUS (crossover EoS) and UrQMD m;
spectra at midrapidity before CBM and reconstructed.

For the hadron reconstruction the KFParticle Finder
package has been used. On the figure 1 a mr projec-
tion at midrapidity € [—0.5,0.5] of crossover EoS of
THESEUS and UrQMD is shown. Solid lines are origi-
nal spectra from the models and dashed lines are uncor-
rected reconstructed spectra. We observe a large differ-
ence in reconstructed and simulated spectra, so correction
is needed. Correction function could be defined as the
ratio between reconstructed and accepted with TOF cut,
and Monte-Carlo generated protons: corr = Nyeco/Nasc-
Since in real experiment we don’t know about the origi-
nal spectra of particles before passing them through de-

* elena.volkova@uni-tuebingen.de

tectors, we must find out reconstruction correction sepa-
rately to the data spectra measurements. Considering THE-
SEUS data as only experimental results without Monte-
Carlo information, we should use correction function from
another model, like UrQMD. Therefore, corrected THE-
SEUS experimental y — mr spectra will be presented as
ratio between reconstructed data and UrQMD correction:
Neorr = Nyeco/corryromp- Total error is a sum of Ny.eco
and correction error:

ANcorr =V Z(af/amz)z(;sz =

\/(1/COT'7" ' \/Nr‘eco)2 + (Nreco/COTT2 . ACOT’/’)Z

Corrected spectra of m projection of y — m at midra-
pidity is shown on figure 1 with blue markers. The slope
of 1/mq for original Monte-Carlo and reconstructed THE-
SEUS data has been calculated via an exponential fit by
the maximum Likelihood method. For the range mr €
[0.2,1] GeV/c? the slope of the THESEUS original data
is —5.198 4+ 0.002, for the reconstructed and corrected
data is —4.930 + 0.035. Therefore, in the range mp €
[0.2,1] GeV/c?, current method of reconstruction has sys-
tematic error of about 5%. The main source is the differ-
ence in correction factors between models, as shown in the
2D plot in the figure 2. This could be explained by dif-
ferent particle species ratios and different multiplicities at
fixed impact parameter in those models. Further investiga-
tion is needed to improve systematic uncertainty.
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Figure 2: THESEUS Crossover EoS and UrQMD y — mp
correction ratio at midrapidity and low mr
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Particle ratios at CBM experiment energies

Nicolae George Tuturas', Alexandru Jipa', Adam Jinaru®, and Tiberiu Esanu?
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Nuclear collisions at SIS-100 in the initial stage can
produce a net baryonic density of 2-3 orders of magni-
tude greater than the saturation density. We can expect the
appearance of a new phase of the nuclear matter, in which
quarks are still confined, but the chiral symmetry is par-
tially recovered [1, 2]. Particle ratios have their importance
to eliminate the ratio value fluctuations and are good instru-
ments for the identification of possible phase transitions.

In this report we present some numerical computations
for the Au-Au central collisions at 6-20 A GeV energies for
the rapidity interval 0 < y < 0.8 (with the AMPT genera-
tor). These results come as a continuation of the previous
published results (from 2019), in which we presented the
identification of some antiparticle to particle ratio equali-

ties for 2-3 increasing energy points, which suggested pre-

equilibrium (for £+, 0-20% centrality, and 0 < y < 0.8

interval rapidity). Otherwise, we observed similarities be-
tween fluctuations of interest - short plateaus - of the exci-
tation function specific to the antiparticle to particle ratios
for kaons and protons, in the same energy interval. For the
K' and £ ratios, we also see equalities for the ratio va-
lues for small intervals of energy, and also a non-monotonic
behaviour in the 10-14 A GeV interval of interest ( Fig. 1
up and down).

The analyses in this article were performed using the
UrQMD 3.3 generator, integrated in the YaPT system, with
t = 200 fm/c, for which the state equation is defined by
the cascade mode, and the AMPT 2.26t7 generator, which
uses the string fragmentation Lund model and the popcorn
mechanism (baryon stopping). Maybe the most interesting
result - the plateau form - which can suggest the existence
of the mixed phase, can be observed in Fig. 2 [3]. A simi-
lar, but less pronounced plateau form can be seen again in
Fig. 3 for % ratio (done with AMPT) for the 10-12 A GeV
interval for the 0-20% centrality.

Plateau-shaped results are in good agreement with the
results in [4], where they are compared with AGS (Au-Au)
and SPS (Pb-Pb) data for regions with anomalous thermo-
dynamic properties.

Surely, we can ask ourselves if we can indeed obtain a
mixed phase with energies up to 14 A GeV. We can specu-
late the idea that an insignificant quantity of QGP can oc-
cur. Another idea is the possibility that a ”sequence® of
gluonic plasma be formed, locally, in a restrained space,
which can evolve into QGP, such that a confrontation be-
tween QGP and the hadronic gas can take place - that is, a
mixed phase.

The multi-strange hyperon ratios are very good instru-

ments for the study of very dense nuclear matter degrees of
freedom, in the Au-Au collisions. Thus, we plan to analyse
in the future some ratios that contain =~ si 27. The mea-
surement of these ratios can offer the possibility of studying
the equation of state or of baryonic fluctuations at densities
where we can have first order phase transitions.
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Energy dependence of ¢ meson yield at FAIR energies

Arshad Ahmad*, M.Faroog Mir, S. Ahmad, B. Waseem , and B. Towseef
Dept of Physics, University of Kashmir, India

At CBM energies, it will be interesting to look for
changes in the behaviour of observables as a function of
energy to establish deconfined phase in high energy col-
lisions [1].The energy dependence of ¢(s5)meson produc-
tion will play a crucial role in this regard, since it has small
hadronic interaction cross section and freezes out early as
compared to other non strange hadrons[2,3].The ¢(1020)
vector meson’s proper lifetime is about 45 fm/c, and it de-
cays into charged kaons K™ K~ with a branching ratio of
49.2%, and more rarely into the dilepton pairs e™ e~ (B.R.
of 2.97 x 1074 ) and p* = (B.R. of 2.86 x 107%). In
AMPT string-melting model, strings (or hadrons) are con-
verted into partons by converting the mesons to a quark
and antiquark pair, the baryons to three quarks. Quark co-
alescence Model is used for hadron formation and the sub-
sequent hadronic interactions are described by a hadronic
cascade based on relativistic transport (ART) Model[4].

18

2
M, (Gevic?)

Figure 1: Invariant mass of K* K~ pairs to reconstructed
¢ peak

o Simulations

In current work, we have used 2.5 Million minimum
bias and central Au-Au events from AMPT(string-
melting) model at beam kinetic energy E;,; from
5AGeV-25AGeV. Lund String fragmentation parame-
ters were taken as : a= (2.2)and b=(0.5).Parton-parton
cross section is taken to be 10 mb ( using strong cou-
pling constant o = 0.47d0 )

e Data Analysis
The ¢ signal in the mid-rapidity region ( |y| <1) was
reconstructed from K+ and K~ with the same-event
method. The large combinatorial background arising

* arshedmasoodi @ gmail.com
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Figure 2: ¢ yield via KK~ decay channel

from uncorrelated k* and k~ pairs is calculated with
the mixed-event technique. The mixed-event spectra,
normalized to the same-event one outside of the peak
region, is then subtracted from the same-event one, to
obtain the ¢ signal candidates.

The yield is calculated by fitting the subtracted ¢ sig-
nal with BreitWigner (Fig. 2(a)). As can be seen from
(Fig. 2(b)) the ¢ yield shows a substantial increase with
energy. The increase is more prominent for central events .
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Production of )~, =~ and A" at FAIR energies

B. Towseef*, M. Farooq, S. Ahmad, B. Waseem, and A. Ahmad
Dept. of Physics, University of Kashmir, Srinagar, India

One of the proposed signatures of a phase transition from
nuclear matter to a deconfined quark gluon plasma phase
is the relative enhancement of strangeness production [1].
The production of multi-strange hadrons has the potential
to probe the density and the EOS of the medium. Also, the
yield of particles carrying strange quarks is expected to be
sensitive to the fireball evolution.The CBM detector has the
unique capability of handling unprecedented high interac-
tion rates. It is therefore, likely to produce hadrons having
higher numbers of strange quarks. Therefore it will provide
an opportunity to measure yields and directed and elliptic
flow of multi-strange baryons in heavy-ion collisions at dif-
ferent beam energies and sizes of the colliding nuclei.

A systematic model-based study of the production of
Q~, E= and A° in central Au+Au collisions at Ej,; ene-
gries from 2-35 GeV/A is carried out in the present work.
The energy dependence of the yields of strange particle is
investigated. The analysis is done using the particles pro-
duced in the mid rapidity region, |y| < 1. For this study, we
have employed two types of models: (1) the microscopic
transport models UrQMD in pure and hybrid mode using
“hadron gas” EOS and “Chiral” EOS respectively and (2)
HSD (hadronic and partonic version). The average multi-
plicities of Q~, =~ and A° particles per event are plotted
as function of beam energy in figure 1, 2 and 3 respectively.
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Figure 1: Excitation function of the yields of 2~ in
central Au+Au collisions obtained from pHSD, HSD,
UrQMD(HG), and UrQMD+HYDRO(CHI)

Yields obtained from various models are compared. All
models predict a steep excitation function up to Ejqp/A~
30 GeV, for higher energies the increase is more moder-
ate. Above a beam energy of about 30 AGeV the predicted
values from models are more or less saturated and keep
their relative differences. However, at beam energies be-
low 30 AGeV , the different models exhibit different slopes
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Figure 2: Excitation function of the yields of =~ in
central Au+Au collisions obtained from pHSD, HSD,
UrQMD(HG), and UrQMD+HYDRO(CHI)
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Figure 3: Excitation function of the yields of A° in
central Au+Au collisions obtained from pHSD, HSD,
UrQMD(HG), and UrQMD+HYDRO(CHI)

as displayed by the figures. This is particularly true for
the two versions of the UrQMD and HSD transport model.
Yields from UrQMD hydro (Chiral EOS) is higher than in
UrQMD (HG EOS) for Q~ and =~ but lower for A°, hi-
wever with a smaller difference. The partonic version of
HSD shows slighly higher yields than its hadronic version
for all particles.

The observation of enhanced production of multi-strange
particles in the partonic mode of HSD and hydro mode
with chiral EOS of UrQMD at FAIR energies suggests that
these observable are sensitive to the formation of a partonic
medium.

In summary, our study shows that multi-strange hyper-
ons are very promising diagnostic probes of the density
reached in the fireball and hence, of the equation-of-state
of dense QCD matter.
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Magnetic field scaling and multi-strange hyperon reconstruction performance
at CBM

L Vassiliev, A. Senger, and P. Senger
GSI, Darmstadt, Germany

The successful execution of the CBM physics program 3 0 1 e %0 E e,
requires the measurement of multi-strange hyperon excita- g ot =204% g Jﬂ ot = 118%
tion functions using heavy and light ion beams, in order to A I ! AT
study systematically the evolution of various observables as 0 P 50 w) -
function of beam energy and size of the collision system. J W‘ I
Two operation scenarios are studied: a constant deflection ", I h wﬁ m’, L

L1 1.2 13 14 15

angle for all energies, and the maximum possible deflection
angle for each beam energy as defined by the beam dump.

In order to investigate parameters like invariant mass res-
olution for strange A and multi-strange =~ hyperons, their
signal to background (S/B) ratios and the track momen-
tum resolution for different magnetic fields, simulations of
Au+Au collisions have been performed within CBMROOT
(release APR20). For the calculations the hadron and elec-
tron setup were used. An aluminum beam pipe inside the
STS with a wall thickness between 0.6 and 2.5 mm, de-
pending on z position and diameter. The events were gen-
erated by the UrQMD generator, and transported through
the CBM setup using the GEANT3 code. Secondary par-
ticles have been reconstructed with the CBM KF particle
finder. In Fig. 1 the invariant mass spectra are presented
for A and =~ hyperons for an Au beam with a momen-
tum of 4A GeV/c as simulated for the electron setup with
magnetic field scaling of 30% (upper row) and 70% (lower
row). Both the width of the invariant mass distribution and
the S/B ratio improves with higher magnetic field.

Fig. 2 depicts the momentum resolution for primary
(black dots) and secondary (red dots) charged particle
tracks as function of momentum, as simulated for central
Au+Au collisions at a beam momentum of 4A GeV/c us-
ing the electron setup. The magnetic field was scaled to
70% (lower panel) and to 30% (upper panel) of the max-
imum value. The track momentum resolution for the low
field is more than a factor of two worse that for the high
field.

Conclusion

For magnetic fields below 50% of the maximum value,
the physics performance of the CBM experiment decreases
substantially. The particle acceptance of the TOF wall does
not exhibit a dependence on the magnetic field. The per-
formance improves substantially for higher field values,
which can be achieved with maximum allowed beam de-
flection angles. The implementation of a flexible beam pipe
with low material budget would allow to maintain the CBM
physics performance.
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Figure 1: Invariant mass spectra of A and =~ hyperons
simulated for central Au+Au collisions at a beam momen-
tum of 4A GeV/c, reconstructed for the electron setup. The
magnetic field was scaled to 30% (upper row) and 70%
(lower row ) of the maximum value.
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Figure 2: Momentum resolution for primary (black dots)
and secondary (red dots) charged particle tracks as func-
tion of momentum reconstructed for central Au+Au colli-
sions at a beam momentum of 4A GeV/c. The simulation
were based on the electron setup (MVD, STS, RICH, TRD,
TOF). Lower panel: magnetic field scaling 70%. Upper
panel: magnetic field scaling 30%.
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Estimation of J/¢) production cross-section in 30 GeV p+A collision at CBM
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The observation of J/2) suppression in relativistic heavy-
ion collisions is considered as an important signature for
the formation of QGP medium [1]. If QGP is created at
the collision zone, the cc binding potential gets shielded
due to the Debye screening of the colour charges leading
to the reduction of the J/¢) yield. A considerable amount
of J/1) suppression is observed in p+A collisions and com-
monly attributed to the dissociation of the evolving pre-
resonant (or resonant) cc pairs via inelastic collisions with
the spectator nucleons inside the target nucleus. This effect
is known as Cold Nuclear Matter (CNM) effect. Proton-
Nucleus (p+A) collisions are studied extensively to get a
measure of the nuclear matter effect on J/1» production.
The J/» production in p+A collision has been studied ex-
tensively in several fixed-target experiments at SPS in the
beam range of E; = 158 - 450 GeV and with variety of
nuclear targets [2, 3, 4, 5]. A traditional way to character-
ize the nuclear effects in J/¢) production is the so-called
«-parametrization, which is in vogue to study the nuclear
target dependence of all the hard processes including char-
monium production. In this method the target mass (A)
dependence of the charmonium production cross-section is
fitted with a simple power-law [6];

O'i{;/} = O';,]]I{w x A% (1)

where 0,4 and oy, are the J/7) production cross-section in
p+A and p+p collisions respectively, A denotes the mass
number of the target and the exponent « extracted from the
fitting of the experimental data encodes the nuclear matter
effects. In absence of CNM effects, the value of « is ex-
pected to be unity. The value of & < 1 will indicate the
suppression due to the cold nuclear matter effects. In order
to obtain oy, available data from different experimental
collaborations are obtained from ref/ [7] and tabulated in

J/

Table 1. The energy evolution of o, is then parameter-

Experiment | Reaction | /s (GeV) | o/, (nb/nucleon)
CERN-PS p+p 6.8 0.732 +0.13
WA39 p+p 8.7 2.35+1.18
NA3 p+p 194 120 + 22
UA6 p+p 24.3 171.42 +22.21
ISR p+p 52 716 + 303
PHENIX p+p 200 4000 + 938
ALICE p+p 2760 29912.6 + 5384.3
ALICE p+p 7000 54449 .4 + 8494

Table 1: Total (5,4) production cross sections in p+p col-
lisions.

6.563/4

10 8.758e+04 + 1.268e+05

a
d 5.907 +0.208
b
c

118.3 +38.64
-12.19 +2.385

L L . L
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Figure 1: Energy dependence of inclusive J/2) production
cross section in p+p collisions.

ized using the relation [7],

¥ (V) = 4 X Yo X eTmarTe )

where Va0 = ln(i) and a,b,c,d are free parameters.

M/
The variation of a},’,{ ¥ as a function of centre of mass en-
ergy (/) and its parameterization is shown in Fig 1. The
fit procedure is based on x? minimization technique, as
available in ROOT, is used to fix the best fit parameters.
opp SO obtained can now be used as an input in Eqn. 1
which can now be applied to fit the available pA data to
extract the values of . For the present study, pA data from
all three different fixed target experiments at SPS namely
NA38, NA50 & NA60 are employed. In Fig. 2, only the fit-
ted data from NA60 experiment is shown explicitly and the
extracted « values from different experiments are tabulated

in Table 2. The extracted o values show a weak depen-
Experiment | /s (GeV) o
NA38 19.42 0.88 +0.02
NA60 17.27 0.91 +0.01
NAG60 27.42 0.93 +0.02
NAS50 27.42 0.93 +£0.01
NAS50 (HI) 29.08 0.93 +0.01
NAS50 (LI) 29.08 0.94 +0.01

Table 2: Value of o obtained from the fitting of different
experimental data.

dence on /s which we have attempted to parametrized us-
ing a 1% order polynomial. The parameterization is shown
in Fig. 3. From the parameterization, the following relation
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Figure 3: Variation of « as a function of /s and fitted with
a 1%* order polynomial.

is obtained,
a = 0.8596 4+ 0.0026 x /s 3)

The prescription can now be extrapolated to the FAIR en-
ergy domain to estimate .J/v production cross section in
p+Au collisions. The maximum available proton energy at
SIS100 is 29 GeV which correspond to a centre of mass en-
ergy (1/s) of 7.61 GeV and thus using Eqn. 3 we obtain the
value of @ = 0.879. Therefore the J/1) production cross-
section in p+Au collision at FAIR energy (/s = 7.61 GeV)
can be obtained using Eqn. 1 as following,

I/ @
o,n = a;fﬁ’ x A
= 1.655 x (197)%-87
= 172.04nb
azgw/A = 0.87 nb/nucleon

Thus using the o parameterization, the J/i) production
cross-section in p+Au collision at 1/s = 7.61 GeV is found
to be 0.87(40.12) nb/nucleon. The errors quoted here is
associated with the fitting of different « values using a 15¢
order polynomial.
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J /1) measurements in nuclear collisions at CBM SIS100

A. Senger*
FAIR, Darmstadt, Germany

Muon reconstruction performance

The motivation for this study is a prediction of the sub-
threshold charmonium production in nuclear collisions via
the excitation of nucleon resonances in multiple collisions,
which then decay like N* —J/¢+N [1]. The charmo-
nium measurements with the CBM muon setup will be
performed with the muon system (MUCH), which con-
sists of five hadron absorbers and four tracking stations:
the first two stations consist of GEM detectors, the 3rd
and 4th station are built from RPC detectors [2], with the
Sth iron absorber of 1 m thickness located after the last
tracking station. The CBM muon setup includes also the
Silicon Tracking System (STS), the Transition Radiation
Detector (TRD), placed after the 1 m thick iron as track-
ing station, and the Time of Flight Detector (TOF) for
particle identification. The study is performed for central
Au+Au collisions at a beam momentum of 8 AGeV/c, with
the background generated by the UrQMD code [3], and
the J/v¢ mesons generated by Pluto [4]. The .J/¢ multi-
plicity of 1076 per central Au+Au event was taken from
[1]. The muon reconstruction performance is presented in
Fig. 1. The muon reconstruction and identification effi-
ciency (Fig. 1 right) varies between 40 and 60% depending
on momentum.
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Figure 1: Reconstruction performance for primary tracks as
a function of momentum. Left: reconstruction efficiency in
STS. Middle: momentum resolution. Right: reconstruction
and particle identification efficiency for MC muons from

J /.

Analysis results

The muon track candidates are used to calculate the
dimuon invariant mass spectrum (see Fig. 2 left). The
signal-to-background ratio for the J/1 is 0.2. The J/¢
reconstruction efficiency is up to 10% for high momentum
particles (see Fig. 2 right). Figure 3 shows the phase-space

*a.senger@gsi.de

as a function of transverse momentum and rapidity of the
J /4 in the Pluto input, and of the reconstructed .J /1.

invariant mass efficiency
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Figure 2: Analysis results. Left: invariant mass spectrum.
Right: MC .J/4 reconstruction efficiency as a function of
momentum.
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Figure 3: Transverse momentum (Pt) versus rapidity (Y)
for MC J/+. Left: distribution of PLUTO input. Right:
distribution of the reconstructed MC .J /1.

Conclusions and next steps

J/1¢ measurements are feasible with a signal-to-
background ratio at the level of 0.2 calculated in 20 win-
dow around the J/v peak, if the .J/+) multiplicity is at the
level of 107% per central Au+Au event. Next steps will
be the efficiency and acceptance correction, and a multi-
differential analysis.
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Generation of input signals for dilepton simulation using Pluto event generator
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This report presents the status of the generation of the
input signals for the dilepton simulation and its testing.
Dilepton measurement is one of the major goals of the
CBM experiment. Thanks to unprecedented interaction
rates (up to 10 MHz) foreseen with the FAIR accelera-
tor system, precise physics measurements become possi-
ble. Therefore it is very important to perform detail fea-
sibility studies in the dilepton sector. The PLUTO event
generator was originally developed for the HADES exper-
iment but successfully used by other collaborations in the
hadronic physics field as well. Its design has improved the
flexibility and provided new features which allow to meet
the new challenges arising from the detector studies for the
new FAIR experiments such as PANDA and CBM. Ac-
cording to the thermal fireball model used in the PLUTO
event generator, vector mesons are generated with a ther-
mal transverse mass (mr) and a Gaussian rapidity spec-
tra and decay isotropically into dileptons. A more detailed
description of the PLUTO event generator is reported in
Ref [1].
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Figure 1: Di-lepton cocktail for +/Syny = 5.1 GeV in the

di-electron channel (top) and di-muon channel (bottom)

Dilepton cocktails for Au+Au collision at three different

beam energies namely 12 AGeV, 8 AGeV and 4.5 AGeV
are simulated and tested for the most 0-5% central colli-
sions. The respective meson multiplicities are taken from
the Thermal-FIST model. Di-lepton spectra for beam en-
ergy 12 AGeV (v/Syn =5.1 GeV) are shown in Fig. 1 for
the di-electron and di-muon decay channel.

The respective meson multiplicities and the invariant
mass distribution of the cocktails for different energies can
be found at Ref [2]. To generate the input signals, only two
input parameters namely beam energy and temperature of
the system are provided. The list of the input parameters is
tabulated in Table 1.

System (v/Syn) | Beam energy | Temperature
Au+Au (3.44 GeV) 4.5 AGeV 0.1 GeV
Au+Au (4.3 GeV) 8 AGeV 0.12 GeV
Au+Au (5.1 GeV) 12 AGeV 0.13 GeV

Table 1: Input parameters of PLUTO for different beam
energies

In Fig. 2 and Fig. 3, the typical rapidity (Y) and trans-
verse momentum (pr) distribution of the ¢ meson for three
different energies are shown. The pr spectra is fitted with
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Figure 2: Rapidity distribution of ¢ mesons for three dif-
ferent beam energies. The respective mid rapidity values
are quoted in the legend.

a functional form as shown in Eqn. 1,

dN/dpr x prmpKy(mp/T) (1)

where K7 denotes the Bessel function of the second
kind, my is the transverse mass and T is the temperature.
The fitted pr spectra are shown in Fig. 3 and the slope

193



Physics Performance CBM Progress Report 2020

CBM Simulations ¢ e*e’
e
"

=
o

T

dN/dp_ (1/(GeVic))
o
i [

=
o
b

1073

5573
P, (GeVic)

Figure 3: pr spectra of ¢ meson for three different beam
energies. Legend indicates the different slope values ex-
tracted from the fitting.

of the fitted spectra gives the temperature. The extracted
temperature matches well with the input temperature. In
some cases, it is observed that the rapidity distribution is
not peaked at half of the beam rapidity and also the ex-
tracted temperatures do not match the input temperature.
Further investigations are ongoing to understand this arte-
fact.
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A machine learning procedure for the selection of muon track candidates

A. Senger*
FAIR, Darmstadt, Germany

Input to the simulations

This study is based on the CBM muon system (MUCH)
comprising four hadron absorbers and four tracking sta-
tions: the first two stations consist of GEM detectors, the
3rd and 4th station are built from RPC detectors [1]. The
study was performed for 8 AGeV/c central Au+Au colli-
sions. The background is generated with the UrQMD code
[2], while the w-mesons decaying to dimuon pairs are gen-
erated by Pluto [3]. The muon track reconstruction proce-
dure consists of two steps: the track reconstruction in the
STS, and the global track reconstruction, which is based
on the extrapolation of the tracks reconstructed in the STS
through the downstream detectors MUCH, TRD, and TOF.
Muon track candidates are selected from the reconstructed
tracks using the following parameters:

o 2 in primary vertex (selection of primary tracks);
e tracks have to pass all detector subsystems;

e tracks with good quality (x? cut in each detector sub-
system, see Fig. 1);

o tracks are identified as muons in TOF (see Fig. 2).

K (S)
background (B)

Figure 1: Left: x? of tracks in MUCH for MC muons (red
line) and for background (black line). Right: significance
of x2 cut for muon track candidate selection.

Cut optimization

There are two possibilities to optimize the cuts for the
selection of the muon track candidates: either manually,
or using a machine learning technique. The manual opti-
mization can be deduced from the significance: if the cut
parameters for muons and background differ significally,
one observes a maximum in the significance distribution

*a.senger@gsi.de

Figure 2: Particle identification in TOF detector. Left - MC
muons from w-meson; right - background. Red lines define
30 region for selection of muon track candidates.

(Fig. 1 right). In other cases, if the cut parameters for
muons and background are very similar (for example the
x? distribution) one can choose a reasonable value (2 or
3). Such a manual optimization is useful, if there are only
few and independent parameters to optimize. However, the
global tracks in the muon setup have correlated parameters
(see example on Fig. 3), and the distribution of parameters
for signal and background are different (see Fig. 1 left and
Fig. 2). In such a case the use of machine learning tech-
niques may be preferable.

from w

background

Figure 3: x? of global tracks in MUCH versus x? in STS.
Left - MC muons from w-meson; right - background.

For cut optimization, the machine learning procedure
TMultiLayerPerceptron [4] was used. The Artificial Neural
Network (ANN) was trained using x? at the primary ver-
tex, in STS, MUCH and TRD, for momentum and velocity
from time measurements in TOF for positive and negative
charged particles separately. The Fig. 4 illustrates the re-
sults of the ANN training for positively charged particles.

Reconstruction results

Fig. 5 illustrates reconstruction efficiency, the signal-to-
background ratio and the significance for the w-meson for
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Figure 4: Results of the ANN training for positive charged
particles. Left: ANN probability for background (blue re-
gion) and for signals (red region). Right: purity (green
symbols) and efficiency (black symbols) of ANN particle
identification.

different ANN values for global tracks of positive and neg-
ative particles. The w-to-background ratio and the signifi-

w/background ratio

w efficiency, %

significance
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Figure 5: Reconstruction results using the ANN track se-
lection for positive (X axes) and negative (Y axis) particles:
left - significance, middle - w reconstruction efficiency,
right - signal-to-background ratio.

cance obtained by the reconstruction procedure with man-
ually optimized cuts are compared to the results of the
ANN particle identification method for the same w recon-
struction efficiency. The ANN results exhibit a 2.5 times
higher signal-to-background ratio and a 60% increase of
the significance. Fig. 6 presents the reconstructed invariant
mass spectrum of w-mesons including combinatorial back-
ground for the manual and the ANN track selection. The
acceptance of the reconstructed w mesons is very simular
for both cases (see Fig. 7). The right picture indicates that
the ANN method selects some more w-mesons at high ra-
pidity, and some less at low rapidity. The possibility to use
ANN for muon track candidate selection was added to the
CBMROOT muon analysis.

Robustness of the ANN selection

In order to study the robustness of the ANN selection,
the results of the ANN training with UrQMD background
events were applied to background events generated by the
DCMQGSM-SMM code [5]. The ANN cuts can be tuned
such, that the results are the same in both cases.
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Figure 6: Invariant mass spectrum w-mesons including
combinatorial background with manual track selection
(black) and ANN (red) for the same w reconstruction ef-
ficiency.

manual cuts (1)

ANN cuts (2) 1-2
T

Vic)

P, (GeVie)

Figure 7: Acceptance of the reconstructed w-mesons: left -
manual cut optimization, middle - ANN optimization, right
- difference between left an middle distributions.

Next steps

As a next step, the ANN method will be used for other
dimuon signals, in particular for those with flat mass distri-
bution, and for /1) mesons. Moreover, the robustness of
the ANN method will be tested for other event generators.
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Reconstruction of di-muon cocktail using GEANT3 & GEANT4
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In this article, the reconstruction performance of di-
muons coming from the decay of 7, w and ¢ mesons with
a realistic detector model optimised for SIS100 collision
energies and with different transport engines (GEANT3
and GEANT4) is reported. It includes a complete range
of functionality including tracking, geometry and different
physics models [1]. In all the former di-muon simulations,
GEANT?3 has been used as the default transport engine but
since the upgraded version of the toolkit is available there-
fore it is important to compare the physics performance re-
sults with both the transport engines.

The simulations are performed with the latest CbmRoot
release (APR20) and with central Au+Au collision at beam
momentum of 8 AGeV/c. The phase-space distribution and
decay of n — ptp~, w — ptp~,and ¢ — ptp~ have
been simulated using the PLUTO event generator. The sig-
nal muon pairs are embedded into the background, gener-
ated using the UrQMD event generator. One signal par-
ticle from PLUTO is embedded per event into the back-
ground. All the particles are then transported through the
entire CBM setup using GEANT3 and GEANTH4 transport
engines separately. The standard analysis procedure is fol-
lowed to obtain the invariant mass spectra by combining the
oppositely charged muon track candidates [2]. The pos-
sible muon track candidates are identified by applying a
set of single track quality cuts to the reconstructed global
tracks. It is found that, after the reconstruction, the number
of muon track candidate increases significantly and, as a re-
sult, also the di-muon combinatorial background increases
with GEANT4 as compared to GEANT?3 transport engine.
This might be due to the increase of the particle production
in the MuCh hadron absorbers in GEANT4 as compared to
the GEANT3 transport engine.
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Figure 1: Production of secondary pions in MuCh hadron
absorbers with GEANT3 and GEANT4 transport engines.

This behaviour of the production of secondary pions is
investigated because the di-muon background is mostly
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Figure 2: Distribution of x3,,,/Ndf with different trans-
port engines.

populated with weak decays of pions (7t — ut + v,
7~ — pu~ +v,). In Fig. 1, the production of secondary
pions (extracted using Monte Carlo Particle ID) is shown
and it is observed that a larger number of pions is produced
in the MuCh hadron absorbers with GEANT4 than with
GEANTS3. The same behaviour is also observed with other
hadrons. The increase in the secondary particles is possibly
due to a more accurate modelling of hadronic interactions
by GEANT4 compared to GEANT3. To compare the re-
construction performance, the track parameters of the dif-
ferent detector subsystems are investigated. In Fig. 2, the

Signal | Transport Cut on Reconstruction | S/B | significance
engine | x3,,0,/Ndf | efficiency (%)
n GEANT3 <235 0.16 0.38 158.5
n GEANT4 <2.16 0.14 0.30 135.0
w GEANT3 <24 0.34 0.04 23.7
w GEANT4 <2.18 0.24 0.03 17.8
o GEANT3 <28 0.99 0.04 29.8
o GEANT4 <2.46 0.82 0.04 26.1

Table I: Cuton X%, to select the muon track candidates
from the reconstructed global tracks for different transport
engines (GEANT3 and GEANT4).

X?quh distribution is shown only for background tracks
extracted from the generated UrQMD sample. It is ob-
served that the x?2 distribution in MuCh is very different
in the simulations performed with GEANT3 or GEANTA4.
No such prominent change is visible for x? distribution of
the STS track segment and of the primary vertex. The re-
constructed global tracks having associated STS hits > 7,
MuCh hits > 11, TRD hits > 1, TOF hits > 1, X prrex
< 2.0, X%T ¢ < 2.0 are selected as muon track candidates.
Since only the shape of the X?\MCh distribution is sensi-
tive to the choice of the transport engine, different X?\luC h
values are tested to calculate the pair reconstruction. Ta-
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ble I shows different values of X3, for GEANT3 and
GEANT4 and the corresponding reconstruction efficiency,
S/B and significance for different di-muon sources.

Due to the increase in the di-muon combinatorial back-
ground with GEANT4 as compared to that of GEANT3,
stricter cuts have to be applied on X%\/[uc ;, to bring the back-
ground to the same level obtained with GEANT3. As a
result, the reconstruction efficiency and the signal to back-
ground ratio decrease with GEANT4. The invariant mass
distribution for ¢ meson with GEANT3 and GEANT4
transport engines is shown in Fig. 3.
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Figure 3: Reconstruction of w meson using GEANTS3 (left)
and GEANT4 (right) transport engines. Multiplicity is ex-
tracted from Thermal-FIST model.

Further investigations are going on to understand in more
details the reconstruction performance and the observed in-
crease in the secondary particle production with GEANT4
in MuCh hadron absorbers affecting the overall di-muon
performance.
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Muon reconstruction with and without Micro-Vertex Detector

A. Senger*
FAIR, Darmstadt, Germany

CBM setup and muon reconstruction

This study is performed to understand the possible con-
tribution of the Micro-Vertex Detector (MVD) to the per-
formance of muon reconstruction. The standard CBM
muon setup comprises the Silicon Tracking System (STS),
the muon system (MUCH), the Transition Radiation De-
tector (TRD), and the Time of Flight Detector (TOF). The
MUCH consists of four hadron absorbers and four tracking
stations: the first two stations consist of GEM detectors,
the 3rd and 4th stations are built from RPC detectors [1].
The study is performed for central Au+Au collisions at 8
AGeV/c, with the background generated by the UrQMD
code [2], and the low-mass vector mesons (w, 1, p°, @)
generated by Pluto [3].

The muon reconstruction includes three steps. The first
step is track reconstruction in the STS with or without
MVD. The reconstruction performance for primary tracks
in front of muon system is presented in Fig. 1. The re-
construction efficiency (left panel) is slightly better for the
setup with MVD. For tracks which pass the hadron ab-
sorbers of the MUCH, i.e. with momenta above 1.2 GeV/c
(black dashed line), the efficiency is about 2% higher for
the setup with MVD. The right panel of Fig. 1 presents the
momentum resolution of the reconstructed tracks, which is
about 1.5% for the setup with MVD, and somewhat worse
without MVD.

the downstream detectors MUCH, TRD, and TOF. The last
step of the muon reconstruction is a selection of the muon
track candidates from the reconstructed global tracks using
following criteria:

e 2 in primary vertex (selection of primary tracks);
o tracks have to pass all detector subsystems;

e tracks which pass the x? quality cuts in each detector
subsystem;

e tracks are identified as muon tracks in TOF.

The muon reconstruction performance is presented in
Fig. 2. The background (random combinations of muons,
or miss identified (punch through) hadrons) suppression
(left panel) is similar for the setup with MVD (red symbols)
and without MVD (black symbols). The w reconstruction
efficiency (right panel) is about a factor of 2 higher using
the setup with MVD.
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Figure 1: Track reconstruction performance for the pri-
mary tracks in the STS with MVD (red symbols) and with-
out MVD (black symbols). Left: track reconstruction effi-
ciency as a function of momentum. Only tracks with mo-
menta above 1.2 GeV/c (black dashed line) pass the hadron
absorbers of the MUCH. Right: Reconstructed momentum
resolution as function of momentum.

The second step is global track reconstruction. The
tracks reconstructed in the STS are extrapolated through
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Figure 2: Muon reconstruction performance after global
tracking and selection of muon track candidates. Left:
background suppression as a function of momentum.
Right: w reconstruction efficiency as a function of momen-
tum. Black symbols: without MVD. Red symbols: with
MVD.

The mass resolution for the reconstructed w-mesons im-
proves by 10% when using the setup with MVD, which is a
consequence of the better momentum resolution (see right
panel in Fig. 1).

Analysis results

The muon track candidates are used to calculate the
dimuon invariant mass spectrum. The resulting distribution
for the combinatorial background is shown in the left panel
of Fig. 3. The right panel of Fig. 3 depicts the signal-to-
background ratio for the vector mesons under study, with
visible contributions from 7-Dalitz, 7, w, and ¢, whereas
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the p° is hardly seen. Fig. 3 illustrates, that the combi-
natorial background and the signal-to-background ratio in-
creases when including the MVD in the track reconstruc-
tion. The increase of the combinatorial background is
caused by the increasing number of reconstructed muons
from weak decays when using the MVD.
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Figure 3: Invariant mass spectrum of the dimuon com-
binatorial background (left panel), and dimuon signal-to-
background ratio (right panel) for central Au+Au collisions
at 8 AGeV/c. Black curves: setup without MVD. Red
curves: setup with MVD.

Next step

The next step will be to study the possibility to reduce
the dimuon combinatorial background by rejecting muons
from weak decays applying the missing-mass method from
the KFPF package, which requires the MVD.
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Background rejection via the usage of the Micro-Vertex Detector for the
dielectron case
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Motivation for the MVD usage

The analysis of thermal dielectron pairs is one of the
main physics cases for the CBM-experiment. However,
every kind of pair analysis is very sensitive to combina-
torial background contributions due to the nearly quadratic
scaling to the number of charged tracks. Therefore, it is
essential for the conclusive results to have a potent back-
ground rejection strategy. While the hadron suppression is
done with the particle identification detectors (mainly the
RICH detector and the TRD [1]), there is still a significant

contribution of dielectron sources e.g. y —]> ete™ and
material

70 — yete .

These decays are drastically contributing to the pair
spectra, increase the combinatorial background and de-
crease the access to the thermal dielectron signal. However,
via the usage of the MVD detector and it’s exceptional po-
sition resolution near the target, we can define the distance
to the closest reconstructed hit in the same detector station
(dprvp) and use the decay topologies of these contribu-
tions [2]. Figure 1 shows the distance to the closest hit in
the MVD detector as a function of the momentum. The two
distributions show a very distinc behavior that can be used
to reject a large fraction of vy-conversions at low momenta.

-
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Figure 1: Distribution of the distance to the closest hit in
the same MVD station as a function of the momentum for
~-conversion (left) and thermal dielectron pairs (right).

Comparison between STS and MVD usage

This rejection strategy is not necessarily limited to the
MVD and can be performed with the STS as well. The
analysis without any MVD usage was performed on a
dataset that does not include any MVD material. There-
fore it should also profit from a smaller amount of multiple
scattering in front of the STS. Figure 2 shows the invariant
mass spectra of all combinatorial background contributions
scaled to the yield per event. The MVD usage clearly out-
performs the dataset without the MVD. The ratio between
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these two spectra shows an average improvement of about
a factor 3.
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Figure 2: Left: Invariant mass spectra of all combinatorial
background contributions. Right: Ratio between the two
datasets.

Even though this background rejection obviously comes
with a small decrease in signal acceptance, the signal-to-
background ratio increases significantly, while the signifi-
cance is relatively unchanged (see Fig. 3).
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Figure 3: Signal-to-background ratio (left) and significance

(right) for the two datasets as a function of the invariant
mass.

Overall, the introduction of additional material is more
then compensated by the improved background rejection
and the background rejection strategy performed excep-
tionally well even in a non-final state of optimization.
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Muon reconstruction for different magnetic field settings
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The goal of this study is to understand the influence of
different magnetic field settings on the muon reconstruction
performance, in case of low energy collisions.

Muon reconstruction

The CBM muon setup comprises the Silicon Tracking
System (STS), the muon system (MUCH), the Transition
Radiation Detector (TRD), and the Time of Flight Detector
(TOF). The MUCH consists of three hadron absorbers and
two tracking stations equipped with GEM chambers [1].
The study is performed for central Au+Au collisions at a
beam momentum of 4 AGeV/c (beam energy 3.1A GeV)
generated with the UrQMD code [2], and w-mesons gener-
ated by the Pluto event generator [3]. For such low beam
momenta, the magnetic field has to be reduced in order to
make sure that the beam still hits the beam dump. The
maximum possible beam deflection is 100 cm at about 26
m downstream of the target, which, for a 4 AGeV/c Au-
beam, corresponds to a reduction of the magnetic field to
70% of its nominal value. Such an individual scaling of
the magnetic field according to the beam rigidity is possi-
ble in case of a variable bending angle of the beam pipe.
If, however, the beam pipe has a fixed bending angle con-
structed according to the deflection of a Au beam with an
energy of 11 AGeV at the nominal magnetic field (1 Tm),
the magnetic field has to be scaled down to 30%, so that the
Au beam with momentum 4 AGeV/c still fits into the beam
pipe.

The muon track reconstruction consists of two steps.
First, the track is reconstructed in the STS. The reconstruc-
tion performance for primary tracks in STS is presented in
Fig. 1. The reconstruction efficiency (left panel) for tracks,
which pass through the muon absorbers (with momentum
larger than 0.8 GeV/c, black dashed line) does not depend
on the magnetic field, but the momentum resolution de-
grades from 2-3% at 70% magnetic field to 5-6% at 30%
magnetic field (right panel).

The second step is the global track reconstruction, which
is based on an extrapolation of the reconstructed tracks
through the downstream detectors MUCH, TRD, and TOF,
and on a selection of muon track candidates from primary
global tracks using the following criteria: (i) the tracks have
to pass all detector subsystems, (ii) a track quality selec-
tion based on a 2 cut in each detector subsystem, and (iii)
tracks are identified as muons in the TOF detector.
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Figure 1: Track reconstruction performance for the primary
tracks in STS. Left: track reconstruction efficiency as a
function of momentum. Black dashed line shows momen-
tum cut due to absorption in MUCH. Right: Resolution of
the reconstructed momentum. Black symbols: 30% mag-
netic field. Red symbols: 70% magnetic field.

Analysis results

The muon track candidates are used to calculate the
dimuon invariant mass spectrum (see Fig. 2). The reduction
of the magnetic field leads to a decrease of the mass reso-
lution, and, as a consequence, to a decrease of the signal-
to-background ratio for the w meson.
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Figure 2: Invariant mass spectra of the combinatorial back-
ground with w-meson. Left: 30% magnetic field. Right:

70% magnetic field.

The Fig. 3 presents the reconstruction performance. The
w reconstruction efficiency (left picture) with 70% mag-
netic field (red symbols) is higher for high momentum
mesons, but the w reconstruction efficiency with 30% mag-
netic field (black symbols) is higher for low momentum
mesons. Nevertheless, the comparison of the acceptance
for reconstructed w does not show significant differences.

Conclusions

A strong reduction of the magnetic field, down to 30%,
results in a degradation of the momentum resolution, and
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w efficiency background suppression
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Figure 3: Muon reconstruction performance after global
tracking and muon track candidate selection. Left: w re-
construction efficiency as a function of momentum. Right:
background suppression as a function of momentum. Black
symbols: 30% magnetic field. Red symbols: 70% magnetic
field.

as a consequence, in a degradation of the mass resolution.
While the reconstruction efficiency for w-mesons is similar
for 70% and 30% magnetic field, the signal-to-background
ratio is almost a factor of 2 lower for the 30% magnetic
field.
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There are two main approaches for centrality determi-
nation in CBM: using multiplicity of charged hadrons pro-
vided by the CBM silicon tracking system (STS) and the
energy of spectator fragments estimated with the CBM pro-
jectile spectator detector (PSD).

Multiplicity of produced charged particles is modeled
using collision geometry parameters (Npqr¢, Neor) sam-
pled with the MC Glauber model. A number of produced
particles is calculated as Mg = ZaNil M,, where M,
is a number of particles produced from individual source
(ancestor) ”a” and N, is the total number of sources (an-
cestors). To evaluate N, a two-component model, N, =
FNpart + (1 — f)Neou, is used. For each ancestor "a”
the number of produced particles M, is sampled accord-
ing to the Negative Binomial Distribution (NBD) P, 1.(n)
with mean p and width k as free parameters. They are fixed
by scanning the phase space of k and f for a minimum of
x? between the simulated MC-Glauber multiplicity distri-
bution and experimental measured one. A value of p is
defined by the method of golden ratio for each pair of f
and k on the grid. This procedure is implemented in the
CentralityFramework package [2].

Using best fit parameters the average values and the dis-
tribution width of initial geometry parameters (b, Npare,
and N.,;) for each centrality class was extracted. The
result for impact parameter b is shown in Fig. 1 (upper
panel). A small (1-2%) difference between average im-
pact parameter values obtained separately from UrQMD
and MC Glauber model is observed.

The possibility to determine centrality using the CBM
PSD and Monte-Carlo Glauber model is also investigated.
The main steps of this procedure proposed procedure are:
(1) using a high statistics sample of the simulated collisions
with the fragmentation formation model, prepare the fol-
lowing maps (distributions) for the fragments mass num-
ber (A) and (a) impact parameter, b; (b) spectator rapid-
ity, y; (c) spectator energy, . The charge of the nucle-
ons is not considered as it is not affecting the total energy
of the spectators for centrality determination. (2) Use the
map A : b to generate a set of fragments for each colli-
sion with impact parameter and Np.. sampled from the
MC-Glauber model: (a) Generate a mass number A; of a
fragment ¢. Iterate until 4; < N, ipec. (b) Calculate the
number of remaining spectators nucleons for next iteration:
Nﬁ,ﬁlp = N, fpec — A;. (c) Iterate the two steps above until

N, ;;relc = 0, i.e. no more free spectators nucleons remained.

As a result a sample of n fragments with mass numbers
Ajy.. A, will be generated. (3) Using maps A : Fand A : y

E [ i o
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° ® uravD
+ r
3 L ”
Q
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St
- '
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o Au-Au @ 12A GeV/c
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0 50 00
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Mass number of fragments

Figure 1: Upper panel: Average impact parameter b and
its width vs. centrality. Lower panels: (Left) Distribution
of b and fragments mass number simulated with the DCM-
QGSM-SMM model. (Right) Projection for a given impact
parameter (b = 10.5 fm) simulated with the DCM-QGSM-
SMM model and sampled distribution.

to generate values of energy and rapidity for each fragment
in the event A;..A,. (4) Using a high statistics sample of
the transport simulations (e.g. with GEANT4 simulation
package) prepare a map (distribution) of the detector re-
sponse for a given rapidity and energy of the spectators.

An implementation of the steps 1(a) and 2(a)-2(c) is il-
lustrated in Fig. 1 (lower left panel), which shows the corre-
lation between impact parameter and mass number of frag-
ments obtained from the DCM-QGSM-SMM model. The
implementation of step 2 is illustrated in Fig. 1(lower right
panel).

In summary, the procedure based on charged pion mul-
tiplicity and MC-Glauber model is implenented. Imple-
mentation of the procedure based on spectator’s energy
and MC-Glauber model is in progress. Sampling the mass
number of the fragments for individual MC-Glauber events
is implemented using the output of the DCM-QGSM-SMM
model.
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CBM performance for measurement of directed flow of charged kaons
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Flow of hadrons with strange quark content can shed
light on the compressibility of nuclear matter. A sam-
ple of SM Au+Au collisions at beam momentum of 12A
GeV/c produced with DCM-QGSM-SMM event generator
[1] was used as an input for charged kaon directed flow per-
formance study. The Monte-Carlo simulation of the CBM
detector response to the generator particles is performed
with GEANTH4 transport package. Particle identification
was performed utilizing Bayesian approach based on time-
of-flight information from the TOF detector and a combi-
nation of the track charge and momentum provided by the
tracking system (see Ref. [2]).

Anisotropic flow was calculated in the kinematic regions
where reconstruction and identification efficiency is close
to being uniform and therefore no correction for pr — y de-
pendence of the efficiency is needed in flow measurements.
The correction for the non-uniformity of detector azimuthal
acceptance (see Fig. 1) was applied using data-driven pro-
cedure [3] implemented in the QnTools framework [4], an
extension of the QnCorrections [5] framework originally
developed for the ALICE experiment.

> CBM performance
Au+Au @ 12A GeV/c
__DCM:QG3NM-SMM

¢ (rad)

Figure 1: Rapidity-¢ distribution of tracks identified as
positive kaons.

Figure 2 presents the rapidity dependence of directed
flow calculated relative to the true reaction plane for the
tracks matched to generator-level positively charged kaons
and tracks identified as kaons using time-of-flight informa-
tion. Line shows the values obtained from the Monte-Carlo
model. This comparison reveals significant bias in flow cal-
culations due to the impurity of kaon selection in the back-
ward region, where a fraction of tracks from protons and
positive pions are passing the Bayesian selection criteria.
The impurity of the kaon selection in the backward region

has significant effect on extracted flow signal. To account
for this effect multi-differential Bayesian parametrization
of squared mass distributions of simultaneous analysis of
flow contributions of pions, kaons and protons as a func-
tion of squared mass may be required.

3& - CBM simulation
0.02- Au+Au @ 12A GeV/c
- DCM-QGSM-SMM
- + 10-25%
07
I b
—0.02— —— model
® K’ identified with TOF
®  tracks matched to generator K*
| . |

P B P
-0.5 0 0.5 1
Figure 2: Directed flow of selected positively charged

kaons, K+, as a function of rapidity in 10-25% centrality
class reconstructed relative to true reaction plane.

Performance for flow calculation relative to recon-
structed spectator symmetry plane revealed additional cor-
relations between azimuthal distribution of tracks identified
as positive kaons and transverse energy registered in PSD.
These correlations are most probably caused by the con-
tamination of the kaon sample with protons.

Summing up, performance of the CBM experiment for
differential measurements of the directed flow of positively
charged kaons is ongoing for the Au+Au collisions at beam
momentum of 124 GeV/c. Further improvements of iden-
tification and flow extraction procedures are required to ac-
count for the impurities of kaon selection.

References

[1] M. Baznat, A. Botvina, et.al., PPNL 17, no.3, 303-324 (2020)

[2] I. Selyuzhenkov and A. Toia (eds) CBM Progress Report
2016, ISBN 978-3-9815227-4-7

[3] I Selyuzhenkov and S. Voloshin, PRC 77, 034904 (2008)

[4] L. Kreis and I. Selyuzhenkov,
https://github.com/HeavylonAnalysis/QnTools

[5]1 V. Gonzalez, J. Onderwaater and 1. Selyuzhenkov,
https://github.com/FlowCorrections/Flow VectorCorrections

205



Physics Performance

CBM Progress Report 2020

A simulation study on the forward-backward multiplicity correlation in
Au+Au collision at 30A GeV

L Pal, J. Thakur, P. Mali, and A. Mukhopadhyay*
Department of Physics, University of North Bengal, Darjeeling 734013, India

In this report we present some simulation results on the
short and long-range correlations among charged hadrons
emitted in the forward and backward rapidity hemispheres
in Au+Au collisions at Ey,;, = 30A GeV. The forward-
backward correlation strength (beo,;) is defined by a de-
pendence of the average charged particle multiplicity in the
backward hemisphere (N},) on the event multiplicity in the
forward hemisphere N like [1]: (Np) = beorr N +a. Here
the constant a is related to the uncorrelated particles. This
correlation strength is also measured as [2]

(NyNy) — (Ny) (No) _ Digf
<N?> — (Ny)? Diy

bcorr -

6]

where D, and D3 are, respectively the forward-backward
(fb) and forward-forward (ff) multiplicity dispersions. De-
pending upon whether there is a correlation or anti-
correlation in the rapidity space, the correlation strength
parameter b..,, can be positive or negative valued, with
limiting magnitudes 0 < |beory| < 1. Whereas beorr =
0 denotes a completely uncorrelated emission of parti-
cles, beorr = =1 indicates a perfect correlation or anti-
correlation. Another variable of interest is the variance o,
in the fb multiplicity asymmetry C'

D% + D3, — 2D}
(Ny + Np)

(@)

o =

where
C = (Nf—Ny)/y/Nf+ Np. 3)

By definition the parameter C' would be sensitive to both
short- and long-range correlations [3]. An intrinsically
long-range correlated emission of particles from a single
source would give rise to equal number of particles in
the forward and backward hemispheres, resulting thereby
O’% = (. On the contrary, if particle production follows a
binomial partitioning then 02(Ny — N) = Ny + Ny, and
consequently 0'% =1.

From some previous measurements presence of strong
short-range correlations was observed over a rapidity
interval of |y — y.| = 1.0 in ete™ and hA experiments
[4]. y. is either the cms rapidity of the colliding system
or the centroid of the rapidity distribution of the charged
particles. In high-energy nuclear collisions, due to mul-
tiple partonic (hadronic) interactions, the fb multiplicity
correlations among charged particles are expected to go

* amphys @nbu.ac.in

beyond |y — y.| = 1.0 rapidity unit [2]. Measurements
of the STAR experiment at top RHIC energy [5] has
indeed confirmed the existence of long-range multiplicity
correlations in Au+Au collisions.

We have taken a sample of 10° UrQMD [6] simulated
Au+Au events at F,, = 30A GeV for the analysis. All
charged particles but the spectator protons are considered.
Figure 1 shows the dependence of DZ;, DZ, beor and o2
on the centrality of the collisions, measured in terms of
the average number of participationg nucleons (Npart).
The results are obtained for a rapidity window Ay = 0.5
located symmetrically at y = y. £ 1.5. With increasing
centrality D% monotonically increases and shows some
kind of saturation in central collisions.  Multiplicity
dispersion measured within a small y-interval in the
forward hemisphere, may be attributed to fluctuations in
the number of small particle producing sources and/or
resonance decays. In central collisions perhaps due to
multiple rescattering and mixing of many sources, D2
remains unchanged. On the other hand Dgf, a measure
of long range correlation, increases almost linerly with
increasing Npars. The observation may be attributed to
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Figure 1: Centrality dependence of (a) the dispersions D%,
and D?f, (b) the correlation strength parameter b, and (c)
the variance of fb multiplicity asymmetry o2.
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Figure 2: Rapidity dependence of (a) Dy, (b) Dg, (¢) beorr
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Figure 3: Rapidity window dependence of (a) Dy, (b) Dy,
(€) beorr and (d) af, for 0-10%, 30-40% and 60-70% cen-
trality bins.

a geometrical effect. Long range correlations, if there is
any, presumably originate from more exotic phenomena,
which is not incorporated in the framework of UrQMD.
From extreme peripheral to very central collisions beoyr
changes only marginally. Its small value once again
suggests a weak (strong) long (short) range correlation.
The fluctuation measure o2, monotonically decreases from
02 = 2.0 at the most peripheral to 02 = 1.0 (binomial
limit) at the most central collisions. With increasing
centrality once again perhaps due to multiple rescattering
and mixing of multiple sources, the correlation effects are
significantly washed out.

In Fig.2 we plot different correlation measures of in-
terest against the fb rapidity gap y for three centrality bins.
For these plots we set Ay = 0.25. We see that both D%,
and D?f rapidly fall with increasing y, and as expected also
with increasing centrality. The shape of the short-range
correlation function Cs(y) has a peak at and is symmetric
about midrapidity [7]. Such a correlation function can be

Physics Performance

approximated by a Gaussian function

Cs(y) o exp[—y?/67] 4

which we fit with our beo.(y) results. The short-range
correlation length A\ is obtained from the width ¢ as
A = 26/+/m. The X values are found to be 1.5 & 0.45 for
0-10%, and 1.8 £0.6 for the other two centrality bins. Note
that the values are slightly larger than what is expected
only for an intrinsically short-range correlation scenario.
The variable ¢2 in each centrality bin shows a skewed
distribution with y. This is perhaps due to the broadening
of the rapidity distribution from the central to peripheral
collisions. At large y the particle density reduces signifi-
cantly that does not allow enough correlation to grow. The
parameter o2 is influenced by both short and long range
correlations. The dominance of short range correlation is
visible for the most central collisions. In the peripheral bin
the peak value of 02 &~ 1.5, matches with the prediction of
a hadron resonance gas model [8].

In Fig.3 we plot the correlation measures D2, D%,
beorr and o2 against rapidity window size Ay, while
keeping the distance between the forward and backward
bin fixed at 3.0 rapidity unit. With increasing width of
the windows, the dispersions increase non-linearly. The
beorr parameter on the other hand increases almost linearly
with Ay, and the values for the 0-10% central events is
consistently larger. Comparing the dependence of beoyr
on y and Ay, we may argue that the parameter is not as
sensitive to the short-range correlation as 2. The values
of o2 for the midcentral and peripheral collisions increases
initially with Ay, but saturate beyond Ay = 1.5. From
the Gaussian parametrization of beo,(y) we obtained the
limiting value for the short range correlation at about
y ~ 1.5. The increasing trend of o2 with Ay upto ~ 1.5
could be an artifact of increasing short-range correlation.
Above this value the contribution of long range correlation
is marginal. For the most central 0-10% events 02 = 1.0
over the entire Ay window. A more detailed analysis
of our simulated data is being undertaken to identify the
physics issues related to the above observations.
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CBM performance for measurements of pion-pion correlations

D. Wielanek* and H. Zbroszczyk
Warsaw University of Technology, Faculty of Physics, Koszykowa 75, 00-662 Warsaw, Poland

Femtoscopy is a technique that makes possible to extract
information about the size of the source that emits particles.
It is currently the only known method that gives direct ac-
cess to such information. The spatio-temporal information
is crucial to understand the dynamics of the collision. Fem-
toscopy uses so called Correlation Function (CF) defined
in equation 1. The P is the probability of measuring single
(or pair) of particle(s) with given momentum (momenta):
p1 and p:

P(p1,p2)
P(p1)P(p2)

In an experiment, the denominator is created from mixed
pairs; each particle in the couple belongs to a different
event. Some theoretical functions fit the correlation func-
tion. For the Gaussian-like shape of the source, the cor-
relation function of non-interacting bosons with spin 0 is
equal to 2. The parameter R is femtoscopic / HBT radius,
A is the incoherence factor describing the fraction of cor-
related pairs. The CF is also sensitive to the interactions
between particles. Typical parametrization of the CF in-
cluding quantum statistical effects is:

C(p1,p2) = (D

Clg) =1+ r 0 @

where ¢ is the momentum difference.

The measured CF depends, however, not only on the shape
of the source. The non-femtoscopic effects that create ad-
ditional correlations (e.g., jets) might also change the mea-
sured CF’s shape. The detector effects also contribute. The
limited momentum resolution usually smears the correla-
tions peak. The reconstruction of pair of tracks as a single
particle decreases the value of CF. The merging effect de-
creases the value of CF. The effect opposite to the merging
- the splitting is the reconstruction of a single track as two
separate ones, and it increases the value of CF[2]. What
is more critical, merging and splitting are the strongest at
g ~ 0; the same position where correlation peaks exist.
Therefore removing (suppressing) those two effects is sine
qua non” of the femtoscopic measurements.

The studies of femtoscopic measurements base on CBM
in SIS-100 electron configuration. CbmROOT from the
end of 2019 and UrQMD 3.3 data are used with standard
macros to simulate reconstructed data. The 2.3 millions of
Au+Au events with beam momentum of 10 GeV A are in-
put of the simulations. Analysis of data is performed by
using the CbmROOT framework with the NicaFemto mod-
ule implemented for femtoscopic analysis.

* daniel.wielanek @ pw.edu.pl

’ Cut Min ‘ Max ‘
‘ Event cuts ‘
Vay [cm] 0 0.4
V. [em] 0 0.02
’ Track cuts ‘

pr [GeV/c] 0.2 2
Nhits in STS 6 8
DCA [cm] 0 0.1
charge -1 |
miop [GeV?/c'] | 0 0.05
l Pair cuts ‘

STS exit sep. [cm] | 0.5 500
|An||A¢*| [rad] | 0.02;0.05 | -

Table 1: Criteria of data selection in analysis.

Criteria of data selection are listed in table 1. Monte
Carlo (MC) models like UrQMD do not contain the femto-
scopic correlations, and the pure MC sample analysis was
used to optimize cuts. In principle, such a correlation func-
tion should be flat (as shown in the simulations with pure
UrQMD data). Analysis based on pairs of the negative pi-
ons, as the positive pions are contaminated with too many
protons. In figure 1 is presented CF calculated without two-
particle cuts, splitting effect is visible. Applying cut on the
distance between two tracks at the last STS station (STS
exit separation) is used to suppress splitting. The merging
effect appears after removing the splitting. To reduce this
effect, cut based on An* and A¢* is used. The asterisk
means the pseudorapidity and azimuthal angles are calcu-
lated at 25 cm from the vertex position.

After optimization of selection criteria (cuts), the femto-
scopic correlations are included in simulations. It is done
by assigning a femtoscopic weight for each pair of par-
ticles. It was estimated that the incoherence factor ()\)
is set to 0.5. The Gaussian shape of the source was as-
sumed, the size of the source corresponds to the femto-
scopic radii measured by STAR for central Au+Au colli-
sions at /syny = 11.5 GeV [3].

The estimated systematic uncertainties are listed in table 2.
The systematic uncertainties smaller than statistical are de-
noted by red color. The total systematic uncertainty is 9.6
and 14.2 % for radius and incoherence factors, respectively.
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Figure 1: Normalized correlation function without femto-
scopic effects without (top) and with (bottom) anti-splitting
cut.

It roughly corresponds to the uncertainty reported by AL-
ICE collaboration in similar measurements - 11-12 % and
34 % for radius and incoherence factor. The systematic un-
certainties might be underestimated due to relatively large
statistical uncertainty. Any event-selection-related uncer-
tainties are not taken into account. Poor description of re-
sults can be explained by assuming bad shape; the similar
problem is also observed in ALICE results [4].

The example of correlation function, together with their x2
fit is shown in figure 2.
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R A
Fit 6.12fm | 0.41
Stat. Error 0.11 fm | 0.03
Stat. Error (%) | 1.7 7.3

Systematical errors

Source AR% AX%
Numerical 0.04 0
Normalization | 3.58 1.47
Fit range 3.10 7.86
Momentum 0.00 2.46
Purity 0.00 0.74
Pair cuts 5.96 10.07
Track cuts 5.88 5.41
Total sys. 9.63 14.19

Table 2: Estimated uncertainties of femtoscopic measure-
ments in CBM.
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Figure 2: Fit of CF with x2 map. The full lines represents
the fitted parameters whereas dotted lines correspond to es-
timated statistical uncertainty. The white bin corresponds
to the bin with the smallest x2/NDF
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CBM performance for measurement of proton directed flow

0. Golosov'?, V. Klochkov®, E. Kashirin', I. Selyuzhenkov'*, and D. Blau'*

'NRNU MEPhHI, Moscow, Russia; 2NRC “Kurchatov Institute”, Moscow, Russia; Eberhard Karls University,
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Anisotropic transverse flow is one of the most important
observables to constrain transport properties of the matter
created in heavy-ion collisions. Analysis of proton directed
flow [1] is performed using a sample of SM Au+Au col-
lisions at beam momentum of 124 GeV/c produced with
DCM-QGSM-SMM event generator [2]. Particle transport
through the CBM subsystems is simulated using GEANT4
package. Bayesian particle identification is based on time
of flight information [3]. To minimize the effect of finite
efficiency on reconstructed flow values the analysis is per-
formed in kinematic regions with higher reconstruction ef-
ficiency.

Due to rectangular shape of the transverse layout of the
detectors and presence of magnetic field, the azimuthal
acceptance of the CBM tracking system and the hadron
calorimeter PSD are non-uniform in the transverse plane
(see Fig. 1). The effect of the detector asymmetry is cor-
rected for using data-driven procedure [4] implemented in
the QnTools framework [5], an extension of the QnCorrec-
tions [6]. Independent estimates of directed flow v; are
obtained with the scalar product method using x and y
components of flow vectors and different symmetry plane
sources. Four-subevents method is used to calculate the
symmetry plane resolution correction factor.

CBM performance
Au+Au @ 12A GeV/c

protons

¢ (rad)

Figure 1: Rapidity-y distribution of identified protons.

Figure 2 shows proton directed flow as a function of
rapidity for the 10-25% centrality class. Dependencies
obtained using information from Monte-Carlo simulation
(lines) are compared with the calculations based on recon-
structed tracks relative to the true reaction plane (green tri-
angles) and symmetry plane reconstructed from four cen-
tral modules of PSD (PSD1) using true resolution based on
generator information about reaction plane angle (blue cir-

cles) and fully data driven result for resolution calculation
(red squares). Filled markers show results obtained with x
components of flow vectors, empty markers represent the
y components. Good agreement is found between recon-
structed and input values of directed flow in wide rapid-
ity range for symmetry plane estimated from the innermost
group of PSD modules.
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Figure 2: Directed flow v; of identified protons extracted
relative to reaction plane or symmetry plane from cen-
tral PSD modules (PSD1) with the use of true and recon-
structed resolutions. Lines show the values obtained from
the collision generator.

In summary, performance study was conducted for dif-
ferential measurements of proton directed flow relative to
the projectile spectator symmetry plane in Au+Au colli-
sions at the top SIS-100 beam momentum. Realistic pro-
cedures for centrality determination and particle identifica-
tion are used. Corrections for effects of the detector az-
imuthal non-uniformity are applied.
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Performance for A hyperon directed flow measurements
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Strange quarks do not exist before the heavy-ion colli-
sion and are produced at its early stage, which makes the
strange and multi-strange hyperon production an important
tool to extract the properties of the created QCD matter.
Anisotropic flow of produced particles, in particular with
the strange quark content, is sensitive to the equation of
state and the degrees of freedom in the early fireball. In
CBM the short lived particles (e.g. K, and A) are recon-
structed via their weak decay products. Reconstruction al-
gorithm of the decays is implemented as the Kalman Filter
Particle Finder [1]. For the current analysis we used its sim-
plified version, the PF Simple [1], which was optimized for
efficient A hyperon reconstruction and background rejec-
tion. Application of the machine learning technique for the
A selection criteria optimization is described in [2].

Anisotropic flow can be characterized by coefficients of
a Fourier series of produced particles azimuthal angle dis-
tribution. The directed flow v; = (cos(da — Ygp)) de-
scribes particle emission in preferred direction relative to
the reaction plane. The scalar product method was used
to calculate the directed flow. Procedure for estimation of
the reaction plane and its resolution using the PSD is dis-
cussed in [3]. For this analysis the reaction plane angle
U rp was taken from the event generator. Non-uniformity
of the CBM acceptance and inefficiencies in azimuthal an-
gle ¢ (sensitive volume, magnetic field, additional ma-
terial etc.) biases results for directed flow. This non-
uniformity was corrected according to the procedure de-
scribed in [4] and implemented in QnTools and QnAnaly-
sis frameworks [4]. Additionally, the (pr,y)-dependent re-
construction efficiency correction was applied as weights
for individual tracks. Monte-Carlo closure test showed
that with QnTools [4] the input flow values are reproduced
within statistical precision of the simulated sample.

A sample of 5M Au+Au collisions at ppegm =
12A GeV/c was generated with the DCM-QGSM-SMM
model. GEANT4 was used to transport particles through
the CBM detector material. These events were recon-
structed with the CBMROOT software and used for the A
hyperon flow studies. In order to check validity of the cor-
rection procedure as implemented in the analysis frame-
works [4] the results of the data-driven analysis were com-
pared to the known Monte Carlo input. The estimates of
the vy coefficient from X and Y component correlations
(V1z = {1z cos URp), v1y = (qiysin Urp)) were calcu-
lated as functions of rapidity and transverse momentum. A
positive slope of A vy (y) is reproduced, with v, and vy,
being consistent with the statistical precision of the simu-
lations (see Fig. 1, top). The pr dependence of v; is shown

in Fig. 1, bottom. There is an indication of a small differ-
ence between vy, and vy, at small py ~ 0.5 GeV/c, which
requires further investigation with higher statistics.

In summary, performance of the CBM experiment for
directed flow of A hyperons was investigated using flow
analysis framework. After applying all corrections for az-
imuthal non-uniformity and efficiency weights the Monte
Carlo input is reproduced within statistical precision. The
future plans are to use the simulated PSD signals for reac-
tion plane estimation, deploy the invariant mass fit method
for signal-background separation in hyperon reconstruc-
tion, and perform pr, y, and centrality differential analysis.
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Figure 1: Directed flow of A hyperons vs. (top) rapidity
and (bottom) pr.
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Feasibility study of femtoscopic measurements of nonidentical particle
correlations and A — A pairs at the CBM experiment at FAIR

W. Borzym, Z. Gnutek, and H. Zbroszczyk*
Warsaw University of Technology, Faculty of Physics, Koszykowa 75, 00-662 Warsaw, Poland

Geometry and dynamics of the source produced due to

heavy-ion collisions can be studied via the femtoscopy
method. Correlations of two particles at small relative
momentum are sensitive to Quantum Statistics and the
Final State Interactions. They allow one to explore the
source’s space-time properties, which are of the order of
1071 m and 10723 s, respectively. CBM experiment will
cover an essential part of the QCD Phase Diagram with
beams of heavy-ions. It is a baryon-rich region that can
be studied via femtoscopy method. On the one hand,
meson-meson correlations are the most commonly stud-
ied, and baryon-baryon systems, together with two-meson
and meson-baryon correlations, provide complete informa-
tion about source parameters. On the other hand, non-
identical particle combination measurements complement
our knowledge about space-time asymmetries during the
emission process. The physics of heavy-ion collisions is
successfully deduced basing on studies of the properties of
the particle-emitting source.
To define a femtoscopic correlation function [1], [2] in
the case of identical particle combinations a Lonitudinally
Co-Moving System (LCMS) is used which is defined as
pri+pr.2 = 0. pr.1 and py, 2 are longitudinal components
of momentum for single particles. Using LCMS system the
correlation function is defined using variable:

Ginv =V (p1 — p2)2 — (B1 — E»)? (D

In the case of non-identical particle combinations, Pair
Rest Frame (PRF) reference is used, which defined vari-
able:

k" =p1 = —p> @
PRF reference can be also used for identical pairs of
particles and then g;,,, = 2k*.

The definition of the correlation functions is as follows:

Ok = g((’;i 3
Clginy) = ;‘EZ; 4)

Correlated pairs of particles (from the same event enter) en-
ter the numerator A(k*) or A(Qiny) and uncorrelated pairs
of particles (from different events) enter the denominator
B(k*) or B(Qiny) of the correlation function.
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Figure 1: Example of m — K correlation function (identical
charges) for moving-away scenario (left) and catching-up
scenario (right)
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Figure 2: Example of m— K double ratio (identical charges)
for moving-away scenario and catching-up scenario

These studies rely on Monte Carlo simulations of
UrQMD model. 30 millions of minimum bias data are
generated for Au + Au collisions at energy E = 10 AGeV.
Pions are chosen in the transverse momentum range:
0.2 < pr < 1.2 GeV/c and kaons within 0.2 < pp < 1.2
GeV/c. Protons and antiprotons are chosen in the
transverse momentum range: 0.4 < pr < 2.5 GeV/c.
Lambdas and antilambdas are chosen in the transverse
momentum range: 0.4 < py < 2.0 GeV/c.

As a result of the heavy-ion collision, a hot and dense
system produces different types of particles. Using the
femtoscopy method, it is possible to learn about the
source’s geometrical and dynamical properties. Geo-
metrical parameters are related to sizes and dynamical

*hanna.zbroszczyk @pw.edu.pl
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ones to space-time emission sequence of particles of
different species. Femtoscopy enables one to study of
space characteristics of source emitting pairs of particles.
Thus, it is impossible to explore the whole source’s
information but rather to its part, emitting considered pairs
of particles. It explains why source sizes extracted from
various studies are different depending on the supposed
system. So the geometry of heavy-ion collision can be
studied via femtoscopic parameters describing source sizes
of emission areas.
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Figure 3: Example of K — p correlation function (opposite
charges) for moving-away scenario (left) and catching-up
scenario (right)
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Figure 4: Example of K —p double ratio (opposite charges)
for moving-away scenario and catching-up scenario

The dynamics of the collision can be studied using fem-
toscopic methods using only non-identical particle combi-
nations. It is possible to study the emission sequence in
the case of distinguishable particles. Collision dynamics
can be related to space and time aspects. The femtoscopy
method is sensitive to the emission asymmetries related to
the spatial shifts (particles of different types statistically
emitted from different areas of the emission source) and
the time intervals between the two different particles’ emis-
sions. However, it is impossible to distinguish whether
space and/or time asymmetry is deduced. Fig. 1 shows

Physics Performance

correlation functions for m — K systems and for pion-
proton systems. To measure possible asymmetry in the
m — K pair’s emission process, there are considered two
possible scenarios: catching-up and moving-away of the
lighter particle in the pair. Fig. 2 shows ratio of func-
tions calculated for both scenarios. Obtained results sug-
gest that lighter particles (pions) are statistically emitted
closer to the system’s center and/or earlier than heavier par-
ticles (kaons). Similar results are obtained for other particle
species: kaon-proton. Fig. 3 presents correlation functions
for K — p system and Fig. 4 their double ratio. Such asym-
metries are caused by the flow phenomenon, which affects
particles differently with different masses.

Femtoscopy is a unique technique that allows one to study
strong interactions. There will be possible to search for
bound states, e.g., H-dibaryon (composed of two A hy-
perons. Fig. 5 shows A — A correlation function from
UrQMD model assuming contribution of quantum statistics
and strong interactions. The below result suggests possi-
ble studies of strong interactions using the method of fem-
toscopy.
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Figure 5: Example of A— A correlation function taking into
account quantum statistics and strong interactions

Discussed results of femtoscopic correlation functions
for nonidentical particles and A — A confirms possible mea-
surement of two-particle correlations at the CBM experi-
ment.
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mCBM - achievements and plans

C. Sturm', N. Herrmann® for the CBM Collaboration
!GSI, Darmstadt, Germany; 2Ruprecht-Karls-Universitit Heidelberg, Germany

The Compressed Baryonic Matter experiment (CBM) at
FAIR is designed to measure nucleus-nucleus collisions at
an unprecedented interaction rate of up to 10 MHz which
will allow study of extremely rare probes with high pre-
cision. To achieve this high rate capability, CBM will be
equipped with fast and radiation-hard detectors, which are
readout via a triggerless-streaming data acquisition system,
which will transport data with a bandwidth of up to 1 TB/s
to a large scale computer farm, allowing for event recon-
struction and first level event selection.

In order to commission and optimize prototypes and
pre-series productions of CBM detector systems with their
triggerless-streaming read-out chains under realistic ex-
periment conditions, a CBM full-system test-setup named
mCBM@SIS18 (short “mCBM”) has been constructed at
the SIS18 facility of GSI/FAIR. The primary aim of mCBM
is to commission and optimize (i) the triggerless-streaming
data acquisition system including data transport to a high
performance computer farm inside the GreenIT Cube at
GSI, (ii) the online track and event reconstruction and event
selection algorithms and (iii) the offline data analysis as
well as the controls software packages. mCBM comprises
of final prototypes and pre-series components of all CBM
detector subsystems and their read-out systems. Hence, the
setup offers additional high-rate detector tests in nucleus-
nucleus collisions under realistic experiment conditions.
The experiences gained during the complete mCBM cam-
paign will significantly shorten the commissioning period
for the full CBM experiment at SIS100. The promising
results obtained from the first commissioning phase under-
lines the key role of mCBM as a demonstrator and powerful
tool towards the realization of the CBM experiment.

The Experimental Setup The mCBM experiment
was setup in 2017 and 2018 at the detector test area HTD
situated at the beam entrance of the experimental area
Cave-C (HTC), hosting the nuclear structure experiment
R3B. As depicted in Figure 1, the mCBM test-setup is po-
sitioned downstream a solid target under a polar angle of
about 25° with respect to the primary beam towards a beam
dump located 7m downstream at the south end of the ex-
perimental area. mCBM does not comprise a magnetic
field, and, therefore, measures charged particles produced
in nucleus-nucleus collisions traversing the detector sta-
tions following straight trajectories. While the completion
of mCBM is ongoing, the present mCBM setup (as of May
2020) includes detector stations of all CBM subsystems,
shown in the photograph of Figure 1 as well as in the cor-
responding ROOT geometry (lower panel of Figure 1). De-

tails are listed in Table 1.

For track reconstruction, the May 2020 mCBM-
setup comprises 1 (half) STS station (mSTS), 2 MUCH
(mMUCH) and 1 TRD station (mTRD) making 4 track-
ing layers which provide redundant position information.
The 5x super-modules of the mTOF subsystem has been
grouped into a double- and triple-stack for the first commis-
sioning period enabling tracklet searches within the mTOF
system as well as detector tests incl. efficiency measure-
ments of TOF-RPC modules. The high-resolution time-

mTy fast and radiation-hard time-zero (Tg) di-
amond counter, consisting of 8 vertical
strips each of 2 mm width, mounted inside
the target chamber, 20 cm upstream of the
target, readout by TOF electronics (PADI

and GET 4).

2 6x6cm? STS prototype modules
mounted on a half-ladder, positioned on
the 1st station (station 0). Each module
contains 1024 channels on each sensor
side, readout with 8 STS-XYTER v2.1
located on a FEB-8, interfaced to a GBTx
ROB-3.

2 GEM prototype stations consisting of
M2 modules with 2304 pads. Each mod-
ule is equipped with 18 STS-XYTER v2.1
mounted on a single FEB each, interfaced
to the GBTx ROB-3.

mTRD 1 TRD prototype module, type 8,
95x 95 cm? large, with 768 rectangular
pads, 6 FEB-4x1-2 per module interfaced
to the GBTx ROB-3.

5 TOF M4 prototype modules each con-
taining 5 MRPC counters (32x27 cm?).
The readout is performed with PADI and
GET 4 electronics interfaced to the GBTx
ROB-1, in total 1600 read-out channels.

2 aerogel radiators each with size
20 x 20 cm?, equipped with 36 MAPMTs,
connected to 72 DiRICH modules, readout
with TRB3.

a single PSD module, readout by a PANDA
TDC board.

Table 1: Detector stations of the mCBM test setup as of
May 2020.

mSTS

mMUCH

mTOF

mRICH

mPSD
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I target chamber
incl.

TO diamond
counter

mTOF
25x RPCs

mRICH
2x aerogel pads
36x MAPMTs

Figure 1: Photograph of the mCBM setup inside the HTD cave and ROOT geometry (lower panel) of the present mCBM
setup as of May 2020. The beam enters from the right.
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of-flight system consists of a fast and segmented diamond
counter for time-zero (Ty) determination positioned 20 cm
upstream of the target and a TOF stop wall (mTOF). The
mRICH subsystem using 2x aerogel radiators is placed di-
rectly behind the mTOF detector and delivers a second
measurement of the particle velocity in a selected accep-
tance window. Additionally, mCBM is equipped with a
single PSD prototype-module (mPSD) positioned directly
under the optical axis of the primary beam, 5° tilted relative
to the beam axis while pointing to the target.

In the period Q3 2020 — Q1 2021, it is intended to expand
the setup by integrating 5x STS ladders (mSTS), 3 MUCH
stations (mMMUCH) and 2 TRD station (mTRD). These will
provide 6 tracking layers in total, offering redundant po-
sition information and allow to perform tracklet searches.
Accordingly, the mTOF is going to be supplemented by
a 2nd layer of RPC modules. Additional tests of MUCH
RPCs, TRD modules of the TRD inner part (mnTRD-2D)
and high-rate TOF modules for the inner region are fore-
seen for the beam campaign in 2021. Furthermore, the
mCBM vacuum system is to be completed as well as the
cooling of the experimental area is to be upgraded. In a
later stage, MVD stations (mMVD) will be added into the
test-setup enabling a high-precision vertex reconstruction.

mCBM DAQ container
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Figure 2: The mCBM readout chain in operation until May
2020 (top) consists of 2 distinct FPGA boards, the DPB
and the FLIB. In view of the upgrade of the readout sys-
tem for spring 2021, both FPGAs will be replaced by a
single FPGA entity, the CRI (bottom). As a concequence,
the entry nodes housing the CBI boards will have to be re-
located from the Green IT Cube (3) into the mCBM DAQ
container (2). The 300 m long optical link between the
entry node cluster and the processing node cluster will
be operated employing standard Infiniband network tech-
nology. Bottom panel: site map of the components in
the mCBM triggerless-streaming readout chain (backgrund
image taken from Google Maps).
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DAQ/Data Transport The CBM experiment at FAIR
will measure relativistic nucleus-nucleus collisions with
collision rates up to 10 MHz leading to data rates up to
1 TB per second. To achieve the required performance a
triggerless-streaming data acquisition system is being de-
veloped, see Figure 2. It includes ultra-fast and radiation-
tolerant ASICs as front-end chips followed by CERN
GBTx-based radiation-tolerant data aggregation units. Fur-
ther down-stream, the data streams are handled by Data
Processing Boards (DPB) containing powerful FPGAs.
Next, they are forwarded via FLES Input Boards (FLIB), a
PCle based FPGA card, into the First-Level Event Selector
(FLES), a computer farm, which performs on-line event se-
lection. At mCBM these components of the readout chain
are spread across different locations, see Figure 2. The
described high-performance readout hardware needs high-
performance firmware for the FPGA layers up to a fast and
highly parallel on-line track and event reconstruction and
analysis software.

The mCBM readout chain based on DPB and FLIB,
as operated until May 2020 is depicted in Figure?2 (top
line). The mCBM subsystems installed in the cave (1)
are equipped with individual front-end electronics. These
front-ends are interfaced by the GBTx ASIC, which for-
wards the detector data via optical GBT links. All GBT
links are received by the Data Processing Board (DBP)
layer located at 50 m distance inside the DAQ container (2).
The DPB is a FPGA based board, which allows for sub-
system specific pre-processing of the arriving data stream.
A 300 m long optical link connects the DPB output to the
FLIB board installed in the FLES entry node inside the
Green IT Cube (3). The optical link paths on the GSI cam-
pus are sketched on a map in Figure 2. The FLIB transports
the arriving data in a micro-slice format into the memory
of the FLES entry node. An InfiniBand network links the
FLES entry nodes to the FLES processing nodes. Upon
reception in a FLES processing node the micro-slices orig-
inating from all active subsystems are grouped into larger
time-slices. These time-slices are then used for the online
data reconstruction.

In 2019/2020 the mCBM detector front-ends are time-
synchronized by the Timing and Synchronisation (TS) sys-
tem, which relies on a simple clock and pulse-per-second
(PPS) distribution. The detector front-end digitizes signals
above threshold and assigns a time stamp to the hit. This
data is then forwarded via an electrical connection to the
GBTx readout board, where the electrical signals acquired
through a large number of e-links are converted and merged
into an optical GBT link operating at 4.48 Gbit/s. These
GBT links are the detector interface to the Data AcQuisi-
tion (DAQ) chain. The detector subsystems are presently
readout using read-out chains based on existing prototype
implementations of DPB and FLIB. As current prototype
hardware, an AMC FMC Carrier Kintex (AFCK) board is
used for the DPB, a HiTech Global HTG-K700 PCle board
for the FLIB. Both boards are based on a Xilinx Kintex-7
FPGA.
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Figure 3: Total data rate (scale on the right) and break down
to subsystem data rates (scale on the left) observed by the
FLES processing nodes inside the GreenIT Cube, May 4,
2020, run 858.
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Figure 3 shows the total data rates (scale on the right) as
well as data rates broken down by subsystem (scale on the
left) observed by the processing nodes of the first-level-
event-selector (FLES) inside the GreenIT Cube of GSI.
The peak total data rate exceeds 2.5 GB per second while
the average total data rate measures to 0.85 Gb per second
in 208Pb on Au collisions at a collision rate of about 1 MHz
(run 858, May 4th, 2020). The largest contribution had
been delivered by the mSTS, the smallest by the mPSD and
mRICH subsystem.

Early 2021, DPB and FLIB will be replaced by a proto-
type of the Common Readout Interface (CRI) in the FLES
entry stage (see Figure 2), as it is foreseen for the CBM ex-
periment. To reduce the number of FPGAs operated in the
chain, these two will be substituted by a single device, the
CRI.

Results from the First Commissioning Phase 2018 -
2020 Commissioning with beam has started during the
machine engineering runs in December 2018, followed
by first the year’s main commissioning beam time during

Year | mCBM commission- | beam kin. beam
ing with beam energy
2018 | Nov. 24, Dec. 13 108Ag | 1.20 AGeV
2019 | Mar. 12, 16, 23, 28, | 9%Ag | 1.58 AGeV
30
Nov. 27, Dec. 12 40Ar 1.70 AGeV
2020 | Mar. 27,29, 30, 31, 206pp 1.075 AGeV
Apr.1,2,3,5
Apr. 24,28, May 4 208pp 1.060 AGeV
May 24 209Bi | 1.078 AGeV

Table 2: mCBM commissioning with beam.

FAIR Phase-0 Activities

March 2019, see Table2. The second year’s campaign
started with firsts tests during machine engineering runs in
November and December 2019, while the main commis-
sioning with beam took place from March 27th to May 24th
of 2020, which used completely the granted contingent of
beam time. As experienced to date, 8 - 12 h beam blocks
with breaks of at least two days in between, turned out to
be the most efficient commissioning mode, since it allows
to perform reasonable test sequences with beam, while per-
mitting adaption of the setup or improvements of the firm-
and software during breaks.

Significant improvements of the detector subsystems
have been made during this first commissioning phase.
This includes the data transport starting at the front-end
ASICs through the data aggregation ASICs (CERN GBTx)
to the FPGAs of the data processing boards (DPB). Hence,
the DPB firmware development has been, and still is an
essential part of the mCBM commissioning. In particu-
lar, timing stability of subsystem data streams at high data
loads approaching resource limits of the DPB FPGA re-
mains challenging, but could be handled during the re-
cently completed beam campaign (see Table 2). The data
analysis technique for the individual subsystems as well as
for the common data analysis is still under development
while the data analysis of May 2020 data is ongoing.

Recent, preliminary results of the mCBM commission-
ing selected for this document have been obtained from
the beam campaign March - May 2020, representing the
present status of the mCBM experiment (as of May 2020).
Data have been taken with a common synchronized data
transport including all detector subsystems. The peak to-
tal data rate observed by the processing nodes of the first-
level-event-selector (FLES) inside the Green IT Cube ex-
ceeds 2.5 GB per second while the average total data rate
measured to 0.85 Gb per second in 2°Pb on Au collisions
at a collision rate of about 1 MHz (run 858, May 4th, 2020).

The key requirement for a triggerless-streaming DAQ
system is the timing stability of its detector read-out sys-
tems to be verified by time correlations between subsys-
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Figure 4: Time differences tupsystem — tT, demonstrating
the time correlation of all subsystems (May 4, 2020, run
831). Individual subsystem time offsets were corrected -
see Table 3.
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Figure 5: (left) mTOF track multiplicity, (right) [

distribution of reconstructed mTOF tracks, (top=1 to
down=6 with added event and track selections) (1) ma-
genta: My, rorF digi = 3, (2) orange: My roF digi = 10,
(3) blue: + My, rrcw digi = 5, (4) green: + mRICH hit,
no ring, (5) grey: + closed ring in 20% enlarged radius,
(6) red: + good rings.

tems, as shown in Figure4. Accordingly, the time distri-
butions of the subsystems are plotted with respect to the
time-zero counter tgypsystem — t1,. Data were taken on
May 4th, 2020, in a common, synchronized data transport
into the Green IT Cube including all subsystems. All pairs
(tsubsystem —tT, ) Within a time slice of length 10.28 ms are
taken into account, Figure 4 shows a zoom-in on a £1us
range. The depicted time ¢ results from time stamps as-
signed to the raw hit messages by their front-end ASICs,
converted into digis with unit [ns] during the unpacking
stage of the data analysis. Individual time offsets of the
subsystems are corrected during the unpacking (see Ta-
ble3). No detailed time calibration procedures were ap-
plied. In general, the subsystem time offsets remain con-
stant between runs which includes a synchronization se-
quence prior to each run start. Exceptions caused by de-
tector malfunctions and a non-optimized synchronization
sequence of a subsystem were observed.

After data unpacking, a simplified event building is per-
formed by a time-cluster-search within a fixed time window
of 200ns. So, event candidates which are found are then
selected for a minimal requirement on the Top and mTOF
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Figure 6: Correlations between spatial coordinates: mTOF
tracks projected on the mMUCH-GEMI1 plane vs. recon-
structed mMUCH hits (top) and mTOF tracks projected on
the mRICH plane vs. reconstructed mRICH hits (bottom).
Data were taken in 2°8Pb + Au collisions at 1.060 AGeV
on May 4th, 2020, run 831. A deviation from the bisecting
line is caused by alignment uncertainties.

multiplicity: Mo digi > 1 & M,,ror digi > 10. Subse-
quently, detector hits are identified by the subsystem spe-
cific cluster and hit finding. Based on reconstructed hits,
mTOF tracks are formed by a tracklet search using the
three layers of the mTOF triple stack configuration. Fig-
ure 5 shows the multiplicity of mTOF tracks (left side) and
their corresponding normalized velocity (8 = v/c) distri-
bution (right side). An interesting feature of the 3 spec-
trum is visible, an enhancement at 3=1 (speed-of-light).
That this peak is caused by electrons is supported by the
fact that it is relatively enhanced by matching the mTOF
tracks to reconstructed mRICH rings. Comparison to low
B tracks originating from hadrons show the enormous sup-
pression power of the RICH system already in this rather
limited geometry. The potential source of these electrons
is the Dalitz-decay of neutral Pions 7°. Furthermore, the
peak provides a physical calibration point for the absolute
timing calibration of the TOF system.

The spatial correlations of mTOF tracks pointing to the
mMUCH and mRICH planes to reconstructed mMUCH
and mRICH hits are depicted in Figure 6. The observed
time and spatial correlations between detector subsys-

Subsystem time offset [ns]
mSTS | mMUCH | mTRD | mTOF | mRICH
985 885 25 -25 310

mPSD
240

Table 3: Subsystem time offsets [ns] in respect to the T
counter were corrected during the unpacking stage of the
data analysis. The “negative” mTOF time offset is induced
by a long cable connection of the T counter to the mTOF
system.
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tems demonstrate a first conceptual verification of the
triggerless-streaming DAQ system of CBM. The extension
to the other detector subsystems is ongoing.

Summary The primary aim of the mCBM setup is to
commission and optimize the complex interplay of the dif-
ferent detector systems with the triggerless-streaming data
acquisition and the fast online event reconstruction and se-
lection. In particular, it allows testing of the detector and
electronics components developed for the CBM experiment
as well as the corresponding online/offline software pack-
ages under realistic experiment conditions up to the top
CBM interaction rates of 10 MHz.

Construction of the mCBM cave (HTD) incl. experiment
infrastructure started in September 2017, directly after ac-
ceptance of the initial proposal, and was completed by mid
2018. This was subsequently followed by the setup of first
detector stations. Optical fibers connect the mCBM setup
with the mCBM DAQ container and furthermore with the
Green IT Cube hosting the entry and processing nodes for
online reconstruction and selection as well as data stor-
age. Commissioning with beam started during the machine
engineering runs in December 2018, followed by a main
beam period in March 2019. With tests during the ma-
chine engineering runs in November and December 2019
we proceeded with the second year of commissioning with
beam, followed by the main beam time March 27th to May
24th, 2020, which used completely the granted contingent
of beam time. First results show time and spatial correla-
tions between the synchronized data streams of the detector
subsystems demonstrating for the first time a conceptual
verification of the triggerless-streaming read-out and data
transport of CBM.

Next Steps In the second half of 2020 major mCBM
upgrades on the detector subsystems as well as on the
triggerless-streaming DAQ system have started. Hence, the
goal for 2021 is to commission the mCBM experiment to
reach the design performance of the triggerless-streaming
DAQ system and perform online event reconstruction and
selection. Further high-rate tests of detector subsystems are
in preparation.

My shifts | total Ny
Ni+ Ni 3.9x107° 3 100k
1.93 AGeV
Au+ Au 2.2x107° 6 120k
1.24 AGeV

Table 4: Rate estimation for A reconstruction with mCBM,
taking as a basis an average collision rate of 10°/s, assum-
ing a spill length of 10s, 4 spills per minute and a duty
cycle of about 0.5, which results to 9 x 108 collisions per
8h-shift.

FAIR Phase-0 Activities

mCBM@SIS18

The CBM Collaboration

@

Compressed Baryonic Matter Experiment

June 2020

Figure 7: Cover page of the submitted beamtime applica-
tion for the mCBM experiment, June 10", 2020.

Having established full performance, we intend to per-
form the 1% benchmark run in 2022 targeting A reconstruc-
tion in Au+ Au collisions at 1.24 AGeV and Ni + Ni colli-
sions at 1.93 AGeV. Both have the advantage of previously
published data, the former by the HADES experiment [1],
the latter by the FOPI experiment [2]. For the rate estima-
tion, a Monte-Carlo simulation was performed for a feasi-
bility study, which was presented in the first mCBM pro-
posal (submitted to the GSI G-PAC on June 19, 2017) [3].
Since mCBM does not include a magnetic field for mo-
mentum measurement, the reconstruction has to be done
via time-of-flight (TOF) and track topology. It had been
demonstrated that the limited information available for A
reconstruction is sufficient. Our rate estimation is given in
Table 4.

Hence, in June 2020 we have submitted a beamtime ap-
plication to the G-PAC of GSI/FAIR (see cover page, Fig-
ure 7) applying in 2021 for
(1) 9 shifts as secondary user for the commissioning part,
taken as single shifts (8h-blocks) with at least 2 days break
within shifts,

(2) 6 shifts in one block, 2 days respectively, as main user
as preparation for the benchmark runs starting in 2022.

For the bechmark runs in 2022 we have applied for
(3) 6 single shifts with at least two days break between
shifts as preparatory phase and
(4) 15 shifts in total as main user, 5 days respectively, in-
cluding a setup-day (3 shifts) per collision system.

The submitted application was ranked ”A” (experiment
number S514) and has been therefore fully granted in Oc-
tober 2020 by the G-PAC (44'" meeting) and the GSI/FAIR
management.
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Application of the Missing Mass Method in STAR BES-II fixed target program
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The main goal of modern experiments with heavy ions,
such as CBM (FAIR/GSI, Darmstadt, Germany), ALICE
(CERN, Geneva, Switzerland) and STAR (BNL, Upton,
USA), is a comprehensive study of the QCD phase diagram
in the quark-gluon plasma (QGP) region and the possible
phase transition from the hadron to the QGP phase.

Strange particles are sensitive probes of the medium
formed during heavy ion collisions. However strange parti-
cles decays with at least one neutral daughter particle can-
not be registered in a tracking detector system. For their
identification we proposed and implemented the method of
missing mass.

This method is presented for the reconstruction of ¥ —
wn. It consists of the following steps: (a) The tracks of
the mother (3) and the charged daughter (7) particles are
reconstructed in the tracking system; (b) A neutral daughter
particle (n) is reconstructed from these tracks; (c) From
the charged and reconstructed neutral daughter particles,
the mother particle is constructed and a mass spectrum is
obtained for it from which the particle can be identified.

The missing-mass method has been repeatedly and suc-
cessfully tested on simulated data of the CBM experi-
ment, showing its relevance for the physical program of
the experiment. As part of the FAIR Phase-0 program,
the method has also been successfully tested offline on the
Kt — 7771% and K~ — 7~ 70 decay channels with real
STAR AuAu collisions at /sy = 200GeV (2016).

Here we present the results of the missing mass method
with real STAR data taken in 2020 as part of the BES-II
beam energy scan program with a fixed target AU+Au col-
lisions for beam energies of 5.75, 7.3, 9.8 and 26.5 GeV/n
and reconstructed online by express data processing and
analysis. The method was used to search for 7+ — ptv,,
T = v, Kt =ty KT — o, KT — w70
and K~ — m~7° decays.

The launch of the new iTPC detector in STAR, as well as
the fixed-target mode operation, required substantial adap-
tation of both the CA Track Finder and the KF Particle
Finder. Express data processing was carried out on the HLT
cluster under conditions of limited computer resources and
disk space in order not to interfere with the traditional HLT
tasks of analyzing and selecting heavy ion collisions in real
time. Note also that the online reconstruction and analysis
of the data in the express processing were performed with
incomplete detector calibration and alignment, which cre-
ated additional challenges for the reconstruction and anal-
ysis algorithms.

*PKisel@gsi.de
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Figure 1: Invariant mass spectra of 77, 7=, K+ and
K~ obtained with the missing mass method cumulated
for 2.2M mbias AuAu collisions at 5.75, 7.3, 9.8 and
26.5 GeV/n beam energies processed within the express
production on STAR HLT farm.

The results shown in Figure 1 demonstrate the high qual-
ity of the short-lived particle reconstruction by the missing
mass method in the express processing and analysis of the
2020 data. As part of the KF Particle Finder, the missing
mass method can be applied to physics analysis of data for
other decays as well, such as real-time search and analysis
of hypernuclei.

The authors are very grateful to Dr. Maksym Zyzak for
his help and advice in processing the data, as well as for his
active participation in the discussion of the results.
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The KF Particle Finder approach for the on- and offline reconstruction of
strange and multi-strange hyperons at fixed-farget collisions in STAR
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The exploration of the QCD phase diagram is the main
goal of the CBM experiment and the prime motivation of
the RHIC beam energy scan program. Strange and multi-
starange hyperons are sensitive probes to identify the phase
boundary or the onset of deconfinement. One of the pre-
dicted signatures of the phase transition from nuclear mat-
ter to a deconfined phase is the enhanced production of
multi-strange particles. Additionally the yield of particles
carrying strange (anti)-quarks is expected to be sensitive
to the fireball evolution and formation of the Quark Gluon
Plasma (QGP).

The KF Particle Finder package, initially developed as
a reconstruction tool for the CBM experiment, was in-
tensively tested by the CBM collaboration during the last
decade on the simulated data. The application of the
KF Particle Finder package on real STAR data started a few
years ago, and now is continuosly used by STAR as one of
the main tools for the data analysis. The use of the CBM
KF Particle Finder package for the fast analysis of real data
is also an important goal of the FAIR phase O program.
The main goal of the STAR Fixed-Target Program is to ex-
tend the collision energy range in BES II to energies that
are likely below the onset of deconfinement. The energies
range from /syy =7.7 GeV to /syn = 3.0 GeV corre-
sponding to baryon chemical potentials from 420 MeV to
about 720 MeV. The STAR experiment has taken data in
Au+Au collisions at /sy = 3.0 GeV in the year 2018.

A detailed description of the experimental setup and
the sub-detectors for tracking, particle identification, etc.,
can be found in [1]. The reconstructed STAR Time Pro-
jection Chamber (TPC) tracks were used as an input for
the KF Particle package together with the reconstructed
primary vertex. The z-coordinate of the primary vertex
is shown in Fig. 1. The z-vertex resolution is about 1.2
mm and the center is located at -200.6 cm. The accepted
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Figure 1: Primary vertex z-distribution for the Fixed-Target
VSnN =3.0 GeV Au+Au collisions with clearly seen gold
target. The z-vertex resolution is about 1.2 mm.

amount of minimum bias events was about 280 - 106.

The dE/dx was used for the identification of the charged
daughter particles 7%, K* and p, p.

In the Fixed-Target mode strange (A) and multi-strange
(Z7) hyperons were successfully identified online by their
decay into charged hadrons, using the KF Particle Finder
selection technique developed for CBM. Standard CBM-
like cuts on a track X?)Mm, reconstructed particle vertex cut,
L/dL cut and topology constrained cut xfopo, etc are used.
In Fig. 2 the reconstructed invariant mass spectra of A and
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r S/B=23.1 S/{(S+B) = 1973

1

Entries

A— pr

aonls G o

e - ]

11 115 13 4 is
m,_ pr (GeV/c?) m,,, AT (GeV/c?)

iny

<

Figure 2: The reconstructed invariant-mass distribution of
A and =7 particles in Au+Au minbias collisions at /sy
=3.0 GeV, the red line indicates the signal plus background
fit by a polynomial plus Gaussian function.

= particles are shown. All signals are clearly visible with
excellent signal to background ratio well above 4 even for
the challenging =~ hyperons. The position and width of
the peaks are in a good agreement with the PDG data.

In conclusion, the KF Particle Finder package for the re-
construcion of short-lived particles and their life times in-
cluding strange and multi-strange hyperons was success-
fully tested online with the STAR BES-II data at \/syn
= 3.0 GeV. The most challenging =~ particles are recon-
structed with excellent signal-to-background ratio.

The authors are very grateful to Dr. Maksym Zyzak for
his help and advice in processing the data, as well as for his
active participation in the discussion of the results.
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The HADES RICH, upgraded with multianode photo
tube detectors (MAPMTs) and front end electronics fore-
seen also for the CBM RICH, was used to identify electrons
and positrons in Ag+Ag collisions at 1.58 A GeV with a
triggered event rate of 16-18kHz. A total of 15.3 x 10°
recorded events demonstrated the successful operation of
the HADES detector setup [1] over a 4 week beam time.

The RICH was operated at ambient pressure with C4H1¢
(Iso-butane) as radiator gas. The spherical mirror with a
radius of curvature R = 871 mm focused the Cherenkov
photons onto two staggered photon detection planes. The
two planes at z = —80.9mm and z = —208.9 mm (with
respect to the target) approximate the focal surface of the
mirror resulting in rings of typically d ~ 45 mm constant
diameter across the whole detection area. The latter was
assembled with 428 Hamamatsu H12700 MAPMTs (64
pad pixels each) connected to the DIRICH and TRB3 read-
out chain. The windows of the innermost MAPMTs were
coated with p-terphenyl as a wave length shifter. A more
detailed description of the HADES RICH upgrade can be
found in [2, 3, 4].

The present report will concentrate on detector features
recently exploited to improve the quality of the measured
di-electron invariant mass spectra and on a detailed study
of the RICH timing performance.

A sample RICH event with a pair of Cherenkov rings is
depicted in Fig. 1 and highlights the low signal background
situation. Fig. 2 gives a closer look and shows the large de-
tected photo-electron yield per ring accompanied with an
excellent discrimination of single and double rings. On av-
erage about 16 fired pads are reconstructed per single ring
as demonstrated in Fig. 3. The measured distribution com-
pares well with the expectation based on full scale GEANT
simulations. The large spread in radiator path length (40
- 70 cm) exhibits a varying photon yield with increasing
polar angle. Even at low polar angles 6 ~ 18° with small-
est radiator length (I = 37 cm) a signal with well above 10
photons per single ring could be reconstructed.

The capability of identifying close-by double rings has
been investigated in detail since it allows for an effective re-
jection of electron-positron pairs from external y— conver-
sions and hence suppression of combinatorial background
in the eTe™ pair analysis.

The ring finder software allows to identify double rings

*Work supported by GSI, BMBF contracts No. 05P19PXFCA and
05P19RGFCA, and the TRB working group
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Figure 1: Single event display with two reconstructed

rings. Black squares indicate single MAPMTs, red dots
show registered photon hits.

with maximum reconstruction efficiency down to opening
angles of about 3 degrees equivalent to a ring center dis-
tance of about 2 cm. For overlapping rings with smaller
center distances the efficiency drops significantly. How-
ever, very close double rings as shown in Fig. 2 (right)
can be identified by the number of fired pads in the area
around an identified ring center which is matched to a re-
constructed particle track. The observed pad multiplicity
distribution in a fiducial area covering twice the ring di-
ameter is depicted in Fig. 4 and exhibits two well sepa-
rated Gauss type contributions for single (green) and dou-
ble (red) rings. A polar angle dependent cut on a maximum
of around 24 hits results in a single ring identification effi-
ciency of 98.8% and a purity of 63.5%.

Applying this additional close pair rejection on top of
an opening angle cut based on tracking suppresses the -
conversion further and yields a factor 6-7 improvement in
the signal-to-background ratio of di-electron invariant mass
spectra. The resulting signal-to-background ratio is so far
unprecedented and reaches 1 already around invariant pair
masses of M ~ 500 MeV/c? and rises further towards the
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Figure 2: From left to right: Detected pad patterns for an isolated single ring, a double ring, and an overlapping double

ring identified via the number of fired pads.
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Figure 4: Number of fired pads in a radius of of twice the
ring radius around a found ring qualified as electron candi-
date.

low-mass vector-meson region.

Another key observable utilizing the fast MAPMT read-
out is the achievable average timing precision. This ob-
servable is of particular importance for the upcoming CBM
RICH and the high anticipated interaction rates of up to 10

MHz. Since the HADES RICH read out chain contains the
same front-end boards as will be used in the CBM RICH,
the available experimental data offer a good opportunity to
investigate the full system timing performance.

The timing precision extracted from bare LE-ToT distri-
butions (LE: leading edge) in heavy ion experiment data
may suffer from time over threshold (ToT) and occupancy
related effects. These include leading and trailing edge
walk effects and artificial broadening due to capacitive
cross-talk in the MAPMTs. It is not yet clear to what extent
these effects can be corrected for.

In a first step we have therefore constructed a LE tim-
ing difference distribution between the HADES T detec-
tor (START) signal and individual MAPMT channels. We
have restricted these to fired pads on rings correlated to well
identified electron track candidates in order to suppress sys-
tematic errors. In a two dimensional LE-ToT distribution
we have then selected a small ToT window of 0.1 ns width
only to reduce walk effects. The resulting LE time projec-
tion distribution has then been fitted with a Gaussian profile
to extract the timing precision (standard deviation).

Fig. 5 shows the extracted timing precisions separated
for WLS coated and standard MAPMTs. The overall tim-
ing precision is o g = 225 ps, averaged across the whole
detection area. WLS MAPMTs show a slightly worse (0 =
255 ps) precision than the remaining bulk of MAPMTs
(o =220 ps).

The assumption of a Gaussian profile for the timing
width distribution is only of limited validity, since the mea-
sured LE times are not distributed symmetrically. This is
particularily apparent for the WLS coated MAPMTs which
exhibit a tail in the LE time distributions with a decay con-
stant of about 2 ns. Hence, the timing precision given above
might be estimated a bit too good.

The obtained values may be compared to the average
transit time spread (TTS) of the HAMAMATSU H12700
MAPMT. The latter reflects the intrinsic sensor timing pre-
cision and is listed to be FWHM = 350 ps (o &~ 149ps) in
the data sheet [7]. In addition, the timing precision of the
in-beam Ty (START) reference signal has to be accounted
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Figure 5: Widths of time difference distributions measured
with the leading edges of HADES T detector (START)
and photon detector signals.

for. The installed CVD diamond type detector offers a tim-
ing precision in the order of 50 ps and contributes only lit-
tle. In summary, the measured precision of the full system
allows for a clean event selection with very low background
hits in the photon detector from uncorrelated sources (e.g.
scintillation light, secondary charged particles, etc.). The
obtained results lay a perfect basis for the high rates antic-
ipated at CBM.
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