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Preface

The exploration of the QCD phase diagram at high net-baryon densities is one of the most fascinating aspects
of modern nuclear physics, as it links laboratory heavy-ion collisions to cosmic objects and phenomena like
neutron stars, supernova explosions, and neutron star mergers. Moreover, accelerator based experiments have
the potential to unravel the microscopic degrees-of-freedom of strongly interaction matter at high density,
which may undergo phase transitions, featuring phase coexistence and a critical endpoint. The mission of the
CBM experiment is to shed light on the nature of high-density QCD matter by investigating diagnostic probes,
which never have been measured before in the FAIR energy range, where the highest net-baryon densities will
be created.

The experimental task is the high-precision measurement of multi-differential observables like the collective
flow of identified particles including multi-strange (anti-) hyperons, fluctuations and correlations of various
particles, and pairs of electrons and muons. To meet the various experimental requirements for the successful
execution of this challenging physics program, we develop for more than a decade fast and radiation hard
detectors, free-streaming read-out electronics, a high-speed data acquisition chain and ultra-fast algorithms for
online event reconstruction and data analysis. The recent progress in these developments is documented in
this report.

A very relevant component of our preparatory activities is the CBM phase 0 program, which includes the
test of CBM prototype detectors and the free-streaming data read out and acquisition chain with beams from
SIS18 within the mCBM project, the operation of TOF detector modules under experimental conditions at
STAR together with the application of the CBM track and particle reconstruction software, the use of the RICH
photodetectors in HADES experiments, and the test of PSD modules in the BM@N setup in Dubna, and in the
NAé6lexperiment at the CERN-SPS. It turned out, that these activities are an extremely valuable experience
concerning the identification and solution of problems, which appear under realistic experimental conditions
with intense heavy-ion beams.

In the recent years, the definition and realization of interfaces and infrastructures became increasingly im-
portant. The progress in the construction of the CBM cave enforces timely decisions on support structures,
supply units and circuits, floor plans and radiation protection. The photo below depicts the site of the CBM
cave in March 2020, the shell construction will be finalized at the end of this year. Our cave will be the first
experimental location at FAIR, which is foreseen to receive beams from SIS100. For us, this is an incentive as
well as a challenge to be ready in time with a CBM day one setup, and the articles in this report illustrate the
various efforts undertaken by the whole collaboration towards this goal.

Many thanks to all of you for your contributions to the realization of CBM.

Darmstadt, May 2020

Peter Senger
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Overview

Executive summary: Status of the CBM Experiment

N. Herrmann

Universitit Heidelberg, Germany

The exploration of the QCD phase diagram in the re-
gion of high baryon densities remains the primary goal of
the physics program of the Compressed Baryonic Matter
(CBM) experiment at FAIR.

CBM will contribute with high statistics measurements
to this world wide effort at the SIS100 synchrotron that de-
spite recent development of costs is still forseen to become
operational in 2025 as confirmed by FAIR council deci-
sions in 2019. Although eventually part of the FAIR project
might be slightly delayed CBM will be the first user of the
heavy ion beams accelerated by the SIS100 machine. Thus
all the effort of the collaboration is targeted towards con-
structing and setting up the so called day-1 version of CBM
(see Fig. 1). This initial configuration comprises all subsys-
tems of CBM except for the electromagnetic calorimeter.
The front-end electronics will be built with full granularity
and connectivity of the final plans. Although the compute
system will be initially slightly reduced, measurements will
be possible at unprecedented rates from the very beginning.

To achieve the goal of first measurements in 2025 with
a short commissioning period the work of the CBM col-
laboration is shifting from R&D to validating the detector
prototypes or pre-series assemblies and the full setup and
preparing the production of all the components. The indi-
vidual steps are shown impressively in this report.

The validation of the experimental methods is distinctly
linked to CBM’s Phase-0 program, i.e. (i) the operation of
mCBM [1], (ii) the participation in HADES with the RICH
photo detectors [2] and (iii) the participation in STAR with
hardware (eTOF) [3] and software (KFParticle) [4]. High-
lights from these activities that address more the system
aspect of the involved devices are:

(1) mCBM:

demonstration of synchronous operation of several subsys-
tems (STS, MUCH, TRD, TOF, RICH and PSD), common
data transport via FLES to the GreenCube with high band-
width, and offline correlation of detector hits from particle
tracks in space and time.

(ii)) HADES:

enhancing the number of photo electrons to above 12 per
ring, development and operation of the DiRich FPGA
based frontend electronics cards for dual use with TRBnet
and CBM free streaming readout,

(iii) STAR:

recognition of a weakness of the CBM-TOF frontend elec-
tronics against particle flux overload resulting in the re-
placement of all eTOF frontend cards in 2019, demonstra-
tion of a high quality clock distribution system with a jitter
of 35 ps, stable operation of a CBM DAQ/FLES subsys-

Figure 1: Day-1 setup of CBM shown together with the
HADES experiment.

tem with 12 data processing boards and parallel process-
ing eventbuilders employing FairMQ over several month,
demonstration of the PID capability of the CBM-TOF sys-
tem, integration of the KFParticle software package into
the STAR software framework and extraction of lifetime of
light hypernuclei.

The progress in den subsystems towards production is
equally impressive and documented in detail in the body of
this report. .

e CBM building (Cave)

During 2019 the construction of the CBM building
was continued, at the present stage the ground plate is
done and outer walls are erected. Also effectively the
first part of the experimental setup, the beam dump,
is almost finished. All this activity was reflected in
preparation of the common infrastructure for experi-
mental setup, which in this phase primary refers to the
mechanical infrastructure and integration. The instal-
lation related to the upstream platform, was concep-
tually developed to better serve different usage cases,
in particular the magnet foundation was optimized, to-
gether with HADES platform area. For the placement
of downstream detectors the rail system concept is fi-
nalized and ready for tendering; the initial preparation
of the ground plate for the installation of rail system
has taken place. The status of the CAD representation
of our experiment is shown in Fig. 1.

Apart form the mechanical installation, the experi-
mental infrastructure is still under development espe-
cially when it comes to installation of supplies (power,
bias, gas, etc.) for the various detector subsystems.
Here the progress was made in overall installation
preparation and devise of plans for subsystem pre-
assembly and installation.

In November 2019 the Cost Assessment of the Com-
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mon Infrastructure document was presented in a joint
meeting of the FAIR ECE and ECSG. The document
was accepted in April 2020 and served as important
input to the Construction MoU, the signing of which
will unlock funds for above mentioned common in-
frastructure activities.

Magnet

Having agreed on the cooling concept the magnet is
in the prototyping phase of the superconducting coil.
The work is proceeding according to the project plan
aiming to deliver the magnet in 2023 to FAIR.

MVD

For the CBM Micro-Vertex Detector, the year 2019
was shaped by following our road map towards the
CBM pixel sensor MIMOSIS. With MIMOSIS-0 the
first sensor prototype was available and extensively
tested, both in Frankfurt and in Strasbourg (IPHC).
In parallel, the submission of the first full-size sensor
MIMOSIS-1 was prepared, also considering the posi-
tive test results of MIMOSIS-0. The MIMOSIS-1 de-
sign was successfully reviewed during a 2-day meet-
ing at IPHC in summer, which finally led to initializ-
ing the submission to Tower Jazz in fall. The second
line of activity deals with sensor integration and vac-
uum operation of prototype stations (PRESTO), real-
ized in two dedicated vacuum test stands. The second,
new test stand, called UFO, highlights thermal per-
formance studies. With the results gained in 2019, in
part documented in CBM Technical Notes, the Tech-
nical Design Report was significantly updated and im-
proved.

STS

The Silicon Tracking System (STS) project achieved
effective start of detector construction: (1) In Novem-
ber 2019, series production of the silicon microstrip
sensors began in industry. Scheduled for one year,
monthly delivered batches of sensors are quality-
inspected using dedicated test stations set up at GSI’s
detector laboratory. (2) The low-mass mechanical
support structures for the detector ladders were manu-
factured from carbon fiber in industry and surveyed at
GSI. (3) The engineering design review for the read-
out ASIC STS-XYTER was concluded and the chips’
pilot production in industry prepared. A fully inte-
grated STS module mounted on a carbon fiber ladder
was tested with proton beam extracted from COSY,
demonstrating excellent system performance, includ-
ing the anticipated system noise. Experience gained
with emerging detector components led to significant
progress with detailing the system design.

MUCH
The MUCh system advanced by

CBM Progress Report 2019

(1) PNPI and VECC teams working on the design of
the mechanical system of MuCh including superstruc-
ture, absorbers and detector mounting system along
with services, (2) planning of the gas system for GEM
and RPC chambers, (3) testing two real-size GEM
chambers suitable for the 1st MuCh station in the
mCBM setup, (4) RPC R&D being carried out using a
30cm x 30cm low resistivity bakelite RPC employing
readout of STS-XTER based electronics, (5) optimi-
sation of materials in the various absorber by detailed
MC studies.

RICH

The CBM-RICH project profited substantially from
the successful participation in the 4 weeks HADES
beamtime in spring 2019. 428 MAPMTs, i.e. nearly
28000 single readout channels were running very sta-
bly and at a high performance. A timing precision of
better than 220 ps could be achieved which allows ef-
ficient suppression of non-event correlated noise. The
same front-end electronics’ firmware was modified
for integration into the mCBM streaming data taking
where it performed equally well. Time and position
correlations with mTOF tracks were achieved demon-
strating the feasibility of adapting to triggered and un-
triggered data taking concepts.

In addition the mechanical concept of the mirror wall
as well as the conceptual design of a shielding box
and the mechanical integration of the RICH camera
into the overall detector setup were advanced. A pro-
totype of the mirror wall has been built and 6 mirror
prototypes were installed, aligned, and surveyed, with
the aim to conclude for the final overall setup by end
2020.

TRD

The TRD project progressed significantly: (1) it saw
a successful engineering design review for the outer
modules of the TRD, (2) the design of the TRD sup-
port structure is close to final, (3) the development
of the gas system is ongoing, (4) the readout ASIC
SPADIC 2.2 has been produced within a CBM-wide
engineering run, (5) Front-End-Boards have been de-
signed and are used in mCBM, (6) the FASP-based
readout chain for the inner modules is designed and
being tested, (7) new time-based simulation software
with detailed detector response was implemented, (8)
new firmware for DPB-based data readout was pre-
pared for the participation in the mCBM campaign,
and (9) a test in summer 2019 at the DESY electron
beam was run for readout validation and evaluation of
different radiator arrangements.

TOF

The main focus in 2019 was the execution of the
phase-0 experiments mCBM and eTOF at STAR that
delivered valuable information for the final design of
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the MRPC detectors and the readout chain. In the first
year of running in the BES-II campaign of STAR at
RHIC/BNL we destroyed essentially all of the eTOF
front-end electronics channels by beam related events
at RHIC. This could be cured by the addition of an
input protection diode and the replacement of all de-
tector mounted front-end boards. This demonstrates
the usefulness of the FAIR phase-O program for de-
tector optimization since the behaviour has not been
observed in any of the test runs before.

Besides the preparation of the Production Readiness
Reviews (PRR) by taking relevant data with mCBM
and eTOF the project is complemented by the explo-
ration of new electrode materials and prototype BFTC
counters at ELBE (Rossendorf) and finalizing the de-
sign of the inner wall that is exposed to the highest
particle flux.

PSD

The PSD project advanced in 2019 by installing 20
modules as FHCal in the BM@N experiment. This in-
stallation as well as the deployment of 13 CBM-PSD
modules in the NA61/Shine experiment at CERN pro-
vides important information about the characteristics
of our CBM calorimeter modules as well as on suit-
able calibration strategies.

The calibration concept was refined by referring to
cosmic ray muons that were demonstrated to provide
an excellent reference for a relative calibration of all
modules within a given setup.

DAQ/FLES

Besides enabling the successful data taking of the
mCBM and eTOF phase-0 experiments highlighted
above the DAQ and FLES projects focussed on the
future developments where a transition from the
AFCK/FLIB system to a CRI based readout is neces-
sary. 4 BNL-712/CRI boards were purchased from the
BNL/ATLAS group and a strategic cooperation con-
tract with BNL for the common production of BNL-
712 / CRI boards was signed. In addition Infiniband
HDR hardware was acquired and the procurement of
new entry nodes (ASUS ESC 8000 G4) started.

Software

In the Computing project substantial progress was
made in handling online detector data and combin-
ing the various detector subsystems in common runs
merging the data to a common data stream. The suc-
cessful operation of mCBM witnesses the validity of
the chosen concepts. First steps were taken to change
from the TObject based root classes used in the task
oriented ROOT framework to more lean data classes
that are suitable for efficient use in the FairMQ frame-
work as well. A first implementation was success-
fully done in mCBM in terms of monitoring the TO

Overview

- counter at full rate. Optimizations are also going on
in cleaning up the software structure and the software
repository.

e Physics performance simulations

The CBM Physics Working Groups were focused on
establishing a coherent environment for large scale
Monte-Carlo simulations required for next round of
detailed physics performance studies. In particular a
significant effort was made towards i) integrating dif-
ferent heavy-ion collision event generators with realis-
tic particle production as well as fragment formation,
which is important for realistic event characterization,
ii) development of common data format for physics
analysis, which is optimized for data storage usage,
iii) development and integration of various physics
analysis frameworks into cbmroot (such as central-
ity, charged hadron identification, collective flow and
azimuthal correlations techniques), and iv) validation
and switching to GEANT4 engine for physics simula-
tions.

In summary, the CBM collaboration is preparing for a
timely start of SIS100 operation and eagerly awaits its first
physics run in 2025.
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For the CBM Micro-Vertex Detector, the year 2019
was shaped by following our road map towards the
CBM pixel sensor MIMOSIS. With MIMOSIS-0 the first
sensor prototype was available and extensively tested,
both in Frankfurt and in Strasbourg (IPHC). In parallel,
the submission of the first full-size sensor MIMOSIS-1
was prepared, also considering the positive test results of
MIMOSIS-0. The MIMOSIS-1 design was successfully
reviewed during a 2-day meeting at [IPHC in summer,
which finally led to initializing the submission to Tower
Jazz in fall. The second line of activity deals with sensor
integration and vacuum operation of prototype stations
(PRESTO), realized in two dedicated vacuum test stands.
The second, new test stand, called UFO, highlights thermal
performance studies. With the results gained in 2019, in
part documented in CBM Technical Notes, the Technical
Design Report was significantly updated and improved.

Sensor:

The MIMOSIS sensor is designed to achieve a spatial pre-
cision of better than 5 pm in combination with a time reso-
lution of 5 s, a thickness of 50 pm and a peak rate capabil-
ity of 70 MHz/cm?. The design was started from the suc-
cessful ALPIDE sensor used in the ALICE ITS upgrade,
but complemented with numerous new features aiming,
among others, for substantially improved radiation toler-
ance and rate capability. A dedicated logic to pre-process,
flatten and readout the enormous free streaming data flow
is being developed, coping with both the expected fluctua-
tions in beam intensity and the in-homogeneous occupancy
over the sensor surface due to the fixed target geometry.
The MIMOSIS-0 prototype, which is to demonstrate the
pixel architecture and the first, priority-encoded data pro-
cessing stage was tested in 2019. The timing performance
was found to remain comfortably below the 5 ps frame
readout time, which is by one order of magnitude better
than initially considered for CBM. Therefore, in contrast
to earlier worries, mostly no event or single channel pile-
up is to be expected for operating the MVD at a nominal
mean collision rate of 100 kHz Au+Au.

After irradiating the sensor to doses of up to 3 MRad
and one year room temperature annealing, we observe the
noise of the pixels to increase from 13 e ENC to about
16 e ENC at room temperature. This noise increase, which
is complemented by a ~ 25 e threshold shift is not consid-
ered to endanger the operation of the sensor. Weak points
in the DACs were also observed, understood and presum-
ably eliminated by suited design improvements.

The improved structures will be found in the MIMOSIS-

1 prototype, which is expected back from production in
Q2/2020. This first full size sensor will host improved
pixel structures and most digital processing and data com-
pression circuits. Moreover, the sensor will be protected
from single event upsets as caused by direct heavy ion
hits by implementing a triple redundant logic in the most
crucial circuit elements. Testing MIMOSIS-1 will be a
major activity in 2020/21 and guide the optimization of the
final sensor design.

Sensor integration: prototype operation and thermal
performance:

Operating detector prototype modules continuously under
most realistic conditions is a mandatory step for validat-
ing their technological concept. In case of the MVD,
a dedicated vacuum vessel is available since years and
mainly used for long-term operation studies with the full-
size MVD prototype module PRESTO. EPICS-based DCS
runs PRESTO, equipped with MIMOSA-26 sensors, under
defined conditions for many months in a row, yielding in-
sights in long-term effects. Lately, a vacuum-compatible
radioactive °°Fe source was placed close to PRESTO to
study e.g. effects on S/N and data quality in more detail.
At the same time, DAQ and DCS including archiving of
environmental data is exercised.

A second vacuum test stand, called "UFO”, was set up
and put into operation with the focus to further tune the
cooling concept of the MVD. It relies on mono-phase cool-
ing of heat converters holding sensor carriers which effi-
ciently conduct the produced heat of the sensors to the con-
verters. While TPG and pCVD diamond were identified
quite early in the project as optimum materials for the sen-
sor carrier, the layout of the heat converters as well as the
running parameters of the cooling system was to be further
detailed. Measurements employing UFO allowed for sys-
tematic studies w.r.t. (i) optimizing the heat converter, (ii)
selecting the coolant, and (iii) comparing measurements
with expectations from simulations. As a result, we found
that predictions on parameters characterizing the thermal
performance of the cooling concept fit well with the mea-
sured ones. With the coolant NOVEC-649 we have iden-
tified a medium which will safely allow for the projected
<0° C operation of the MVD!

'Note, this result relies on the projected low heat dissipation of MI-
MOSIS.
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Toward the MIMOSIS sensor of the CBM-MVD*
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The MIMOSIS CMOS Monolithic Active Pixel Sen-
sor will be used as sensor technology for the CBM Mi-
cro Vertex Detector (CBM-MVD). We update the de-
velopment goals, the status and the plans for the related
R&D.

The CBM-MVD aims to measure secondary decay ver-
tices of particles decaying via the weak force with an pre-
cision of ~ 50 pm. Moreover, it will assist the tracking of
low momentum particles in CBM. Both calls for its sensor
technology to feature a spatial precision of < 5 pm and
a material budget of about 0.05 % X per station. More-
over, to allow for operating at an average collision rate of
100 kHz Au+Au, the sensor has to resist a peak particle
rate of up to 70 MHz/cm? and to withstand very inhomo-
geneous radiation doses peaking at 7 x 10'® neq/cm? and
5 MRad per year. We aim for a time resolution better than
5 us, which is considered sufficient to separate the individ-
ual collisions.

To match those ambitious requirements, we are develop-
ing a next generation CMOS Monolithic Active Pixel Sen-
sor named MIMOSIS. The ~ 5 cm? large and 50 pm thin
sensor will feature 504 rows of 1024 pixels with a surface
of 26.9 x 30.2 um?2. Three buffer stages will flatten out the
spatial and temporal occupancy fluctuations expected and
reduce the peak data rate to 2.4 Gbps.

MIMOSIS is being developed starting from ALPIDE [1]
but hosts a number of novel features. It forms a highly com-
plex and radiation tolerant system-on-chip. The signals of
minimum ionizing particles comprised of few 100 e will be
amplified and discriminated on the pixel itself. Hereafter,
the data is concentrated by a multi-staged priority encoder.
Internal digital data processing circuits will perform lim-
ited cluster finding, compress the data and translate it to a
high level data protocol before sending it out.

MIMOSIS is being designed to tolerate high integrated
radiation doses. It is planned to realize the steering logic
in triple redundant electronics, which is to compensate for
possible bit flips as typically generated by the impact of
heavy ions in CMOS electronics. Those functionalities
are complemented by numerous test and self-diagnosis cir-
cuits.

To develop MIMOSIS, we foresee to submit four pro-
totypes. The first prototype, the small sized MIMOSIS-0
[2, 3], aimed to test the design of the analog readout chain,
the internal trim-DACs, and the priority encoder. More-

*This work was supported by BMBF (05P15RFFC1), GSI and HIC for
FAIR.

T m.deveaux @gsi.de

¥ Now at IJCLab, Orsay

MIMOSIS Status
Pixel 1024 x 504 OK
Pixel size 26.9x30.2 um? OK
Spatial precision < 5 um Test pending
Thickness 50 um OK
Time resolution ~ 5 us OK [3]
Readout Global shutter OK
Max. data rate 8 x 320 Mbps Test pending
Ionizinig rad. tol. 5 MRad > 3 MRad

Non. To. rad. tol. > 5E13n/ecm? > 1E13 n/cm?

Table 1: Selected design goals for MIMOSIS and status
of the sensor R&D. Ionizing and non-ionizing rad. toler-
ance as reported for MIMOSIS-0 [3] and for ALPIDE [1],
respectively. (n/cm? = ney/cm?)

over, it hosts innovative AC coupled pixels optimized for
depleting the active volume. Based on the result of success-
ful test conducted with MIMOSIS-0 in 2019, MIMOSIS-
1 was submitted in Q1/2020. This first full-sized sensor
hosts the buffers used for flattening the data and inno-
vative sensing elements [4]. The latter will be fully de-
pleted and thus feature outstanding radiation hardness, po-
tentially with mild draw-backs in spatial resolution. The
tests will guide our future design choices on the pixel fla-
vor. MIMOSIS-2, which is scheduled for submission in
Q2/2021, will host the final pixel design and all features
including full triple redundancy and data processing. The
final chip, MIMOSIS-3 is scheduled for submission by the
end of 2022 and is foreseen to eliminate possible weak-
nesses spotted during the tests of the previous prototypes.
The latter are each submitted together with a number of
smaller chips. Those are to address questions on specific
building blocks, which are hard to access on the fully inte-
grated MIMOSIS-prototypes.

The development of MIMOSIS is complemented by an
intense test program carried out by IPHC, GSI and Goethe
University Frankfurt.

References

[1] M. Suljic et al., JINST 11.11 (2016): C11025

[2] M. Deveaux et al., NIM-A Vol. 958 (2020) 162653,
https://doi.org/10.1016/j.nima.2019.162653

[3] B. Arnoldi-Meadows et al., this progress report.

[4] M. Munker et al., arXiv:1903.10190v1 [physics.ins-det] 25
Mar 2019



Micro-Vertex Detector

CBM Progress Report 2019

First Observations on the TID Tolerance of MIMOSIS-0*
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MIMOSIS-0 is the first prototype for the future mi-
MOSIS CMOS monolithic active pixel sensor (CPS) to be
used in the micro vertex detector (MVD) of CBM. We
show first results on the noise and total ionization dose
(TID) tolerance of the device.

Being operated at a collision rate of 100 kHz Au+Au
or 10 MHz p+Au, the MVD will be exposed to
highly in-homogeneous radiation doses peaking at up to
7 x 1013 ngq/em? and 5 MRad per year. MIMOSIS [1]
will have to tolerate those doses before being routinely
replaced. Its small (26.88 x 30.24 um?) pixels cannot
host trim DACs. All pixel amplifiers and shapers of the
504 x 1024 pixel matrix share essentially! the same refer-
ence voltages and have thus to be operated with a common
tuning. One expects that radiation damage will modify the
properties of the transistors amplifying the few 100 e signal
created by minimum ionizing particles (MIP). The expected
radiation dose gradients of one order of magnitude over the
pixel matrix do not allow to compensate those changes by
modifying the reference voltages. The sensor must thus tol-
erate the doses without such compensation, which forms a
particular design challenge.

MIMOSIS-0 was designed by the PICSEL group of IPHC
Strasbourg and tested within a common project. We irra-
diated MIMOSIS-0 prototypes [2] featuring the same pix-
els as foreseen for the final MIMOSIS with up to 3 MRad
with the soft X-ray source at KIT. The on-chip DACs of the
chips showed features short after the fast irradiation. The
features were understood and an improved DAC was de-
signed. The consecutive MIMOSIS-1 prototype was submit-
ted in March 2020. It should be mentioned that the initial
DACs were found operational without significant damage
after one year of room temperature annealing.

As the initial test protocol failed, the pixels of the irradi-
ated sensors could only be tested after this annealing time.
The tests were performed by setting a given threshold, in-
jecting pulses with increasing amplitude to the charge col-
lection node of the pixels and measuring the probability
of the pixel to detect the pulse. This S-curve scan yields
the threshold and the noise of the individual pixels. The
thresholds of the pixels follow a mostly Gaussian distri-
bution, which reflects the production tolerances of the in-
pixel transistors. The width of this distribution is referred

*This work was carried out in a common R&D program with the
PICSEL group of IPHC Strasbourg. It was supported by BMBF
(05P15RFFC1), GSI and HIC for FAIR.

T m.deveaux @gsi.de

'As exception, the threshold may be tuned differently for four sub-
sectors.

300+
] \P eficen® Not irradiated (1/3)
250 4 Redu°ed - Not irradiated (2/3)
Not irradiated (3/3)
% (estmete Distribution width
__ 200 Ca 2RI w  Mrad
2, I 3 MRad
e
o 1504
e
[22]
2
< 1004
|_
4 preliminary
I
504 nstab/eo
peratl»o”

T T T T T T T T T T T T T T
590 600 610 620 630 640 650 660 670 680 690 700 710 720 730

VCasN [mV]

Figure 1: Threshold of irradiated and three non-irradiated
sensors as function of the threshold steering voltage
VCasN. The error bars represent the Fixed Pattern Noise
(see text).

to as fixed pattern noise (FPN). It determines the minimum
detection threshold and thus ultimately the detection effi-
ciency of the CPS for MIPs.

The results of the study are shown in Fig. 1 for DC cou-
pled pixels being operated with a reverse bias of —1V
and fast settings [3]. One observes two out of three non-
irradiated sensors and the irradiated sensors to show an
almost identical FPN (about 12 e ENC) and no radia-
tion induced threshold shift above 25 e is seen. A third
non-irradiated sensor exhibits different results, which re-
mains to be understood. The thermal noise remained be-
low 6 e ENC, which is the sensitivity limit of the noise
measurement protocol.

A vulnerability of the sensors to fast, non-annealed total
ionization dose (TID) remains to be excluded. However, the
results presented support the statement that MIMOSIS will
fulfill the challenging requirements of CBM. This holds in
particular as radiation tolerance tests on transistors manu-
factured in the same technology [4] suggest a saturation of
the TID effects for doses between 1 and 10 MRad.
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The Time Resolution of the MIMOSIS-0 CPS Prototype*

B. Arnoldi-Meadows', M. Deveaux'!, J. Stroth"?, and the CBM MVD team'>?
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MIMOSIS-0 is the first prototype for the future mi-
MOSIS CMOS monolithic active pixel sensor (CPS) to be
used in the micro vertex detector (MVD) of CBM. We
report about the time resolution of this prototype.

MIMOSIS-0 [1] was developed by the PICSEL group
of IPHC Strasbourg. It hosts 8064 AC and as many DC
coupled pixels. 24 pixels of each kind feature an analog
output of the comparator signal of the on-pixel preampli-
fier line. The preamplifiers of one randomly chosen sensor
were tested by injecting defined pulses with charge () via a
160 aF capacitor to their input and observing this compara-
tor response with an oscilloscope.The steering voltages of
the preamplifiers were optimized to obtain a fast pixel re-
sponse together with a reasonably low noise (see [2] for
noise performance).

560ms/ i
Injected pulse i

, Comparator output

Dead time

—>
500ns.

Figure 1: Charge injection and analog test output signal
after comparator with response time definitions.

MIMOsIS will feature a frame oriented, 5 us global shut-
ter readout to separate Au+Au collisions at a collision rate
of 100 kHz. The amplifier-shaper-discriminator chain of
the individual pixels detects particle impacts and samples
and holds it until a “next frame” signal is set. The pixel
will become sensitive again if 1) the next frame has started
and ii) the analog pixel signal has fallen below threshold.
A good timing accuracy of the analog signal is needed
to assign the hit to the correct frame. A short time-over-
threshold minimizes the number of inactive pixels at the
time of the next physics event.

The comparator output signal and the charge injection
pulse into the pixel are shown in figure 1. We measure the
delay (tp(Q)) between the charge injection and the time
the comparator output reaches 80 % of its saturation ampli-

*This work was carried out in a common R&D program with the
PICSEL group of IPHC Strasbourg. It was supported by BMBF
(05P15RFFC1), GSI and HIC for FAIR.
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Figure 2: Response times at — 1 V reverse bias. Error bars
represent pixel-to-pixel variations in response.

tude. The jitter (£3(Q)) is defined as min. to max. of this
delay for 10k pulses. The time-over-threshold (corresponds
to the dead time) reflects the time the comparator remains
above 20 % of the saturation value. The results of the mea-
surements as function of the injected signal are shown in
figure 2.

We consider that the analog time resolution amounts to
the time walk trw = tp(1450 e) — tp(90 e) plus half
the jitter £3(90 e). It amounts to < 700 ns according to the
measurements, which matches our requirements. The esti-
mated most probable signal charge amounts to 850 e for a
25 pm thick active medium. Therefore, presumably more
than 95 % of all hits will be recorded with a time resolu-
tion of <300ns. The time-over-threshold remains slightly
above 3ps and thus below the frame time.

We conclude that the pixel design of MIMOSIS-0 is suited
to separate collisions at a 100 kHz Au + Au collision rate.
Moreover, the channel dead time remains below the aver-
age time between the events. Therefore, mostly no event
pile-up is to be expected.
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CBM-MVD: Status of Operating the Prototype PRESTO 24/7 in Vacuum*
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The CBM Micro-Vertex Detector will be operated in

vacuum to minimize multiple scattering. Hence, it is
mandatory to operate and characterize already prototypes
like "PRESTO”[1] 24/7 in a dedicated vacuum test stand,
which provides all required services, including cooling, as
well as means to run the DAQ and access and archive envi-
ronmental parameters. Recently, the focus was put to long
term operation with a data load provided constant irradia-
tion with X-rays of a ®*Fe source. Figure 1 shows the setup
mounted inside the vacuum chamber.
Figure 2 (b) exhibits data from one of the PRESTO sen-
sors exposed for seven hours to a ®Fe source through an
Al-plate (Fig. 2 a) with machined cut-outs of typically 1
and 2 mm width. These cut-outs are clearly visible in the
hit pattern shown. The detailed analysis of these structures,
after properly correcting for geometrical effects (aspect ra-
tio, setup and source dimensions) might allow for assessing
long-term trends of sensor properties.

Figure 1: PRESTO 24/7 in vacuum: Setup with an ®°Fe
radioactive source (left) irradiating the sensors through an
Al-plate mask with a precisely CNC-machined pattern.

The presence of hits in regions covered with the Al-plate
indicates sources other than photons emitted by the ra-

*Work supported by BMBF (05P19RFFC1), GSI and HIC for FAIR.
T PKlaus@gsi.de
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Figure 2: a) Al-plate mask with a precisely CNC-machined
pattern. b) Hit pattern of a PRESTO sensor MIMOSA-26
(21.2 x 10.6 mm?), irradiated for seven hours with °°Fe
photons shielded by the mask. The quadratic structures
correspond to 2 x 2 mm? openings in the Al-plate.

dioactive source. The quantitative analysis has not yet con-
cluded. Possible candidates are fake hits, common-mode
noise and cross-talk inside the sensor /o architecture, e.g.
due to the need to use one detection threshold for each of
the four banks of the sensor employed, respectively. How-
ever, the cluster size analysis of hits might reveal also other
sources due to natural radioactivity and cosmic rays.

24/7 operation of MVD prototypes will continue to sys-
tematically investigate long-term operation of sensors (like
MIMOSIS-1) mounted on dedicated carriers and read-out
with state-of-the-art FEE in a realistic environment. This
also enables us to monitor material properties and evaluate
integration concepts w.r.t. vacuum operation at below 0°C
temperatures, as well as optimizing the grounding strategy
of the detector.
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CBM-MVD: A Test Stand for the Thermal Characterization of MVD Stations*
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The MVD will be operated in the target chamber vac-
uum, to minimize multiple scattering. Hence, an efficient
cooling concept is mandatory, which also comprises vac-
uum compatibility of the components employed. This mo-
tivates the construction of a dedicated test chamber, called
”UFO”, optimized to characterize/evaluate the thermal per-
formance of MVD stations in vacuum. This includes com-
ponents of the MVD (e.g., heat sink and carriers loaded
with Kapton heaters) as well as the cooling system with its
coolant. The results will be used to optimize the heat-sinks
and tune our simulation models (Spice- and CFD- based).
The latter will be used to further optimize the heat-sink per-
formance prior to its production.

Figure 2: Vacuum chamber interior: a) inlet, b) outlet, c)
PT-100 temperature sensors, d) heat-sink, e) support table,
f) carrier material under study with heater attached, g) R/O
for PT-100 sensors.

sensors providing readout with precision better than 0.5 °C.
So far, the system was used for thermal characterization of
a heat-sink comprising 80x80x0.15 mm? pCVD diamond
and 80x80x0.38 mm?> TPG carriers. The outcome is re-
ported in [1].

Figure 1: The test setup at IKF (GUF) named "UFO”: a)
HUBER cooling system, b) cooing pipes, c) distribution
and control panel, d) IR camera, e) steering and R/O elec-
tronics, f) turbo molecular pump, g) scroll pump, h) vac-
uum chamber.

The test-stand "UFO” is shown in Fig. 1 and 2, and a
device under test in Fig. 3. The setup comprises a cool-
ing system, vacuum chamber (& = 65 cm and height
~ 57 cm), scroll and turbo-molecular vacuum pumps (vac-
uum of 10~8 mbar can be reached.), cooling distribution Figure 3: 80x80x0.15 mm?3 pCVD diamond a) equipped
panel based on Swagelok 12 mm components, infra-red  with a Kapton heater b) and multiple PT-100 temperature
camera with a dedicated view-port, and steering and mon-  sensors c).
itoring electronics that could be connected to the EPICS
control and monitoring system. We constantly monitor and
archive the cooling liquid flow, its pressure and tempera- References
ture at the heat-sink inlet and outlet. The device under test
(heat-sink and carrier) is populated with multiple PT-100

[1] P.Klaus et al., "CBM-MVD: Measurements and Simulations
on Thermal Performance.”, this report.
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CBM-MVD: Measurements and Simulations on Thermal Performance*
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The MVD of CBM offers high-precision particle track-
ing and vertex reconstruction close to the target. Hence,
vacuum operation is mandatory, triggering an additional
effort w.r.t. cooling of electronic components inside the
vacuum, that is sensors and front-end electronics. The to-
tal power dissipation is expected to be lower than 250 W
only, thanks to the announced low power dissipation of
<50 mW/cm? of the sensors (MIMOSIS). However, to al-
low for a baseline sensor operation temperature below 0° C,
efficient cooling is mandatory. The MVD concept relies on
mono-phase fluid cooling, employing dedicated heat con-
verters outside the acceptance, and high-performance ma-
terials (pCVD diamond and Thermal Pyrolytic Graphite
(TPG) sheets as sensor carriers clamped to the heat con-
verters) optimized for heat conduction. This report presents
first results on the thermal performance of those sensor car-
riers and heat converters, in comparison to expectations.
The measurements have been conducted in vacuum (UFO
setup [1]), employing heat foils to mimic sensor operation.
Sensor carriers: Temperature differences on carriers with
a lateral size of 80x80 mm? and a thickness of 380 (TPG)
and 150 pm (pCVD diamond) have been studied.
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Figure 1: Temperature difference between the hottest and
coldest point of a TPG carrier vs. the total power, produced
by a dedicated heat sheet covering approximately the same
area as occupied by the MVD sensors, aligned to the corner
B. The coolant temperature was adjust such that the point A
was kept at -10° C. The inlay sketches the temperature dis-
tribution simulated by the ThSim package (based on Spice),
the dashed line in the diagram indicates the simulation re-
sults, compared to measurement (symbols). Green arrow:
MVD operation region.

*Work supported by BMBF (05P19RFFC1), GSI and HIC for FAIR.
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Fig. 1 compares for TPG measurements to simulations
results from ThSim [2], a software which translates ther-
mal to electrical properties to allow for (Lt)Spice evalu-
ation. The match between measurement and simulation
for both, pCVD diamond (not shown) and TPG is almost
perfect. For TPG, a 2-dimensional material with outstand-
ing heat conduction in lateral dimensions only, the reduced
heat conduction into the bulk does obviously not play a siz-
able role due to the thickness.

Heat converters extract the heat of one station quadrant,
respectively, and are made of Aluminum with customizes
buried heat channels. Fig. 2 depicts a performance plot
based on the temperature difference between Aluminum
bulk and the coolant, a measure of how efficient heat is
extracted. The measurements are compared to calculations

Coolant Flow
[I/min]:

—— 06

pCVD diamond

- - -t calculation
—o— 0,56
0,27

-==06

AT (bulk-coolant) [K]

- = =056

0,27

25

Power (W)

Figure 2: Measured (symbols) and calculated (dashed
lines) temperature difference between heat converter bulk
and coolant (Glycol:water = 1:1) for different flows. Tem-
perature at point A (Fig.1) = -10° C. Green arrow: MVD
operation region.

(formulas) based on assessing the convective and conduc-
tive heat transfer properties of the system (geometry and
coolant specifications). Both exhibit a linear dependence
on the power. Deviations as a function of coolant flow in-
dicate that the dedicated cooling channel geometry cannot
be easily described with linear equations. However, the de-
viations are below 1 K in the region of interest.

The results gained so far suggest that the projected oper-
ation temperature range of the sensors below 0° C can be
guaranteed with the proposed MVD cooling concept.

References

[1] P.Klaus et al., "Test stand for heat-sink thermal characteriza-
tion”, CBM Progress Report 2019

[2] http://thsim.sourceforge.net/,
analog.com(LtSPice)

https://wuw.



CBM Progress Report 2019 Silicon Tracking System

Silicon Tracking System

13



Silicon Tracking System

CBM Progress Report 2019

Silicon Tracking System — Summary

J. M. Heuser', H. R. Schmidt'?, and the CBM STS working group

'GSI, Darmstadt, Germany; 2Universitit Tiibingen, Germany

In the reporting year of this Progress Report, effective
start of construction has been achieved for CBM’s main
tracking detector, the Silicon Tracking System (STS). Main
achievements are highlighted hereafter and are further de-
tailed in the individual contributions of this chapter.

Series production of silicon sensors started

The STS detector will consist of 8 logical tracking sta-
tions, realized with 9 mechanical units that carry 876 de-
tector modules, is to be installed in a 1 Tm dipole mag-
netic field close to the target. Its most central components,
the silicon microstrip sensors, were awarded for produc-
tion at Hamamatsu Photonics, as a result of a sensor readi-
ness review held in 2018 and a subsequent tendering pro-
cedure that concluded in March 2019. Production of the
silicon microstrio sensors was launched in Summer 2019,
and monthly deliveries of batches up to 100 sensors com-
menced in November of the same year. The production
will comprise about 1100 sensors, doubly-sided segmented
and in four dimensional variants, and will be completed
after one year. A key criterion for Hamamatsu was the ven-
dor’s capability to produce on 6* wafers, and within the
mentioned time slot. The sensor purchase, representing a
significant fraction of the STS project costs, has been fi-
nanced through project funds contributed in particular by
the Russian and German partners. Order and delivery is
made to FAIR at the site in Darmstadt. Consequently, the
STS project allocated the site acceptance testing also there,
installing specific quality assurance testing stations devel-
oped in the CBM STS project teams at GSI and the Uni-
versity of Tiibingen into the Clean Room space of GSI’s
Detector Laboratory. There, electrical and optical inspec-
tion is being carried out and the information is combined
with the final inspection at the vendor’s to be available for
the series STS detector module construction.

Carbon fiber ladders produced

Further components that have been serially produced in
2019 are the carbon-fiber support structures onto which the
detector modules, i.e. functional building block with sili-
con sensors, microcables and front-end electronics, will be
mounted to. In total 109 detector ladders will be arranged
on the STS mechanical units. After different trials in indus-
try, a small engineering company in Darmstadt was able to
produce the structures with the required specifications for
the STS detector project. The mechanical and form stabil-
ity at low mass was confirmed on prototypes using a ded-
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icated optical survey procedure at GSI, before the series
production was started.

Fully integrated module tested in beam

A system demonstrator, mSTS, was operated in mCBM
in March 2019, having one module mounted on a car-
bon fiber ladder and installed on a mechanical C-frame
equipped with prototype powering and data aggregation
electronics. An issue with a protective glue, lifting elec-
trical contacts under thermal stress, made only a fraction of
the module’s front-end electroncics functional. The mod-
ule assembly was reworked with a different glue, solving
the issue. A fully operational module was tested in the in-
tense proton beam at COSY in November 2019. The tar-
geted system noise was demonstrated, as well as further
excellent system performance. This gave important input
to concluding the design review of the readout ASIC STS-
XYTERV2.2 for its series production [1] in 2020. Returned
from the COSY beamtime, the module was operated also in
mCBM. A 8 kHz noise source only there, and mSTS sen-
sitivity to it, has been subject to detailed investigation with
respect to grounding, power supplies filtering, and signal
path. This work is still to be continued.

Progress with system integration

Various aspects of system integration are being worked
on. The module assembly procedure has been fully de-
veloped. The standard procedure is based on aluminum
microcables. A first module with alternative copper mi-
crocables has been tested. The ladder assembly demon-
strated its precision on mCBM prototypes; first full-scale
assembly tools have been designed and produced. A dif-
ferent assembly procedure has been developed at JINR,
and tooling deployed. Cooling of the front-end and pow-
ering electronics is a central topic of the system design. It
was topic of a Conceptual Design Review [2] in Decem-
ber 2019, resulting in a recommendation for a conventional
NOVEC based liquid cooling system. A thermal demon-
strator has been conceived to verify experimentally the effi-
ciency of liquid electronics cooling and gas cooling of sen-
sors. The system engineering has been further advanced in
3D detailling. The cover picture of this chapter, as well as
Fig. 1, shows the current design status of STS, target vac-
uum, MVD and beampipe together with passive materials
of the enclosure in the dipole magnet. Renewed simulation
studies have been carried out to assess the detecor’s physics
performance, as well as geometrical alignment procedures
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for its components. The application of STS-like modules
and ladders in the silicon tracker of the BMN experiment
at Nuclotron, JINR, a related project in terms of detector
technology and physics, is being advanced in parallel.

Figure 1: Cut-through view of STS detector system with
target vacuum box, Micro Vertex Detector (MVD) and
beam pipe in the dipole magnet.

Timeline, project members

The series assembly of the STS modules, ladders, and
the system integration are panned from 2021 to 2024. An
Engineering Design Review on the modules and ladders
will take place in 2020. Coronavirus impact on the time-
line has to be considered. The assembly centers are GSI,
JINR (modules and ladders), KIT (modules). System as-
sembly and commissioning will take place at GSI.

During the 33" CBM Collaboration Meeting, held
from 1-5 April 2019 at GSI, a group from Japan’s
High Energy Accelerator Research Organization joined
as associate member [3]. It enlarges the STS partners
to the following list of teams: GSI (Germany), Uni-
versitdt Tiibingen (Germany), Goethe Universitit (Ger-
many), KIT (Germany), JINR (Russia), AGH (Poland),
JU (Poland), WUT (Poland), KINR (Ukraine), and
KEK (Japan).
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With the start of silicon microstrip sensor series pro-
duction in Summer 2019, the STS project achieved an
important milestone towards the construction of CBM’s
main tracking detector. The production of all sensors was
awarded in March 2019 to the company Hamamatsu Pho-
tonics, Japan, through their branch in Germany. The de-
cision was made upon the result of a tendering procedure
through the FAIR GmbH, launched in 2018 after a dedi-
cated review in the CBM Collaboration [1]. The Hama-
matsu offer met all criteria in terms of the required techni-
cal specifications, production time, and budget.

The double-sided silicon microstrip sensors for the CBM
Silicon Tracking System have been overviewed in [2]. The
final sensor layout now in production has been described
in [3]. About 1100 specimen (including 15% extra mate-
rial to compensate limited integration yield onto detector
modules and ladders) are required in four variants: 6.2 cm
width; 2.2, 4.2, 6.2 and 12.4 cm height. They feature on
a 320 pm thick substrate 1024 strips per side, arranged at
58 pum pitch under 7.5° between front- and back sides. The
biasing and read-out contacts are optimized for the attach-
ment via tab-bonding of ultra-thin microcables made from
Aluminum' leads and polyimide substrate.

After a lead time of about six months, the delivery of
sensors takes place in monthly batches of about 100 sen-
sors, featuring all 4 sizes, starting in November 2019, for
a duration of about 11 months. The delivery place is FAIR
GmbH in Darmstadt. The costs of the sensors represent a
significant part of the STS project costs, which are shared
by joining contributions from several STS project insti-
tutes, in particular from Russia and Germany.

Quality assurance has been aggregated at GSI in the De-
tector Laboratory’s clean room. In addition to the test sta-
tion for electrical sensor quality inspection, developed over
the past years by the STS team there, two further custom-
built, optimized benches for electrical [4] and optical [5]
sensor inspection were conceived by the STS group at the
University of Tiibingen, transferred to GSI in Fall 2019.

Key quality parameters have been agreed on with the
sensor vendors. They include:

e Full depletion voltage: 40 - 150 V;
e Breakdown voltage: 200 V (max. possible at vendor);

o Leakage current: < 1.5/3/4.5/9 uA at200 V
(for sensors 6.2by 2.2/4.2/6.2/12.4 cm);

A Copper alternative with matching interconnects is under study.
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e Bias resistance: 0.5/ 1/2 M2 (min / typical / max);

o Defect strips: max. 15 per side/1024 strips, i.e. max.
30 per sensor. Defects include: Short (“pin hole”) in
the AC coupling insulation, Aluminum opening, and
Aluminum short to neighbour strips.

Electrical Quality Assurance

As certified in the final inspection data sheets sup-
plied by Hamamatsu, all sensors fulfill the agreed criteria.
A summary of the defective strips per sensor variant, ex-
tracted from the data sheets, is shown in Fig. 1. The valid-
ity of the information has been verified on sensors from a
prototype production, and selected samples from the series
production.
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Figure 1: Distribution of defective strips per sensor, on a
sample of 88 selected sensors from the first six batches.
The data stems from the factory final inspection.
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After delivery to the GSI/FAIR campus, for every batch
a subset of sensors has been verified electrically (extending
the bias voltage scan® up to 500 V), and optically, scanning
additionally for any mechanical defects. For the electrical
tests, additional fixtures based on miniature pogo pins have
been developed and produced in industry, allowing two-
sided contacting for bias application and subsequent cur-
rent/capacitance measurements as function of the applied
reverse bias voltage. The fixtures also serve as cradles for
save allocation of sensors in the probe station. An example
of a current/capacitance-voltage scan for a 6.2 by 6.2 cm
sensor is shown in Fig. 2.
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Figure 2: Current-voltage and capacitance-voltage mea-
surements from Hamamatsu and CBM compared. Despite
of both data normalized to 20 °C, the GSI measurement
current is close to a factor of 2 lower. This is attributed to
the direct two-sided pogo-pin contacting as opposed to the
through-via contacting done at Hamamatsu.

So far, 83 sensors have been inspected electrically, with
random specimen taken from every of the 6 deliveries re-
ceived by now. They distribute as follows across the vari-
ants: 22 mm (14x), 42 mm (24x), 62 mm (21x), and
124 mm (24 x).

The sensor currents at defined bias voltages 150, 250,
350 and 500 V have been looked at. Ratios of those cur-
rents can be used to define grades with respect to optimal
sensor positioning in detector stations where different ra-
diation load occurs. An example for the distribution non-
ionizing energy loss is shown in Fig. 3, overlaying the in-
tegrated non-ionizing radiation dose® with the pattern of
sensor arrangment in the most downstream STS tracking
station. Sensor current ratios have been established as of
Equation (1) and then used for a — pragmatic — sensor ra-
diation tolerance classification applying the cuts listed in
Table 1, using the lowest grades determined.

2maximum voltage determined to keep up high charge collection effi-

ciency of the later irradiated sensors [6].

3«Standard” running scenario: One month 109 Au collisions at
25 GeV per nucleon on a 250 ym Au target, yielding 2.6 - 1013 inter-
actions in its 1% nuclear interaction length [6].
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X, em

Figure 3: Non-ionizing radiation dose [1 MeV neqcm_z] in
a “standard” running scenario [6] at the most downstream
STS tracking station.

IR1 = I(250 V)/I(150 V)

IR2 = I(350 V')/I(150 V) (1)
IR3 = I(500 V)/I(150 V)
Table 1: Definition of radiation tolerance grades.
current ratio Grade A Grade B Grade C
IR1 [1.015;1.035] [1.0;1.05] else
IR2 [1.0; 1.1] [1.0; 1.1] else
1IR3 [1.0; 1.12] [1.12; 3.5] else

As seen in Fig. 4, grade A sensors, the ones with highest
performance and fit to the highest particle fluences, are the
ones where the ratios establish linear correlations. Grade
B sensors show linear correlations but less stringent, while
grade C sensors having larger current ratio scattering are
to be used at the lowest particle fluences. They distribute
as seen in Table 2. An extrapolation towards the required
sensor variant by radiation tolerance quality grade is forth-
coming with higher statistics accumulated.

Table 2: Radiation tolerance grades of 83 sensor specimen.
Absolute numbers (top), and relative fractions (bottom).

sensor variant Grade A Grade B Grade C
6.2 x22 11 3 0
6.2 x 4.2 15 6 3
6.2 X 6.2 16 3 2
6.2 x 12.4 1 16 7

all 43 28 12

sensor variant Grade A Grade B Grade C
6.2 x22 79% 21% 0%
6.2 x 4.2 63% 25% 12%
6.2 X 6.2 76% 14% 10%
6.2 x 124 4% 67% 29%

all 52% 34% 14%
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Figure 4: Relation of sensor current ratios, defined in Equation 1, grouped according to the radiation tolerance grades
defined in Table 1. The left column of histograms corresponds to Grade A (highest radiation region), the middle to
Grade B (moderate radiation region), and the rightmost column to Grade C (lowest radiation region).

Optical Quality Assurance

By the time of the report, 160 sensors have been op-
tically inspected, overlapping with the sample quality as-
sured electrically. The image recognition system identifies
as defective strips those with Aluminum open, Aluminum
short, but also can see into the silicon and notices (to be
verified) implant breaks and p-stop breaks, as well as sur-
face alterations - e.g. scratches, passivation openings or
features on the second layer metallization. Not all of those
may be actual defects, some features are still to be verified
for having an effect on the sensor operation. The defect
types differ mostly from the ones found through electri-
cal inspection, overlap only with the Aluminum open and
shorts. The structures are listed in Fig. 5. The distributions
of those defects across the sensor variants, and in total, are
presented in Fig. 6.

Outlook towards series module and ladder
assembly

An overall quality grade will be finally calculated from
the information available, combining input from vendor
data (in particular on strip tests), extended electrical and
optical acceptance measurements done at GSI, and specific
measurements if necessary. This is still work in progress.
As part of approved inbound logistics, dedicated sensor
parameters originating from vendor data, as well as rele-
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Figure 5: Types of anomalies, identified through optical
inspection. The histogram displays the findings, averaged
over 160 sensors.

vant logistic parameters of each sensor, are stored in an
electronic logbook hosted at GSI. In addition the evaluated
overall quality grade of each sensor will be stored in there.
The sensor characteristics and inspection results are also
exported for a long-time storage and analysis into a dedi-
cated component database. The information will be of rel-
evance later as input for appropriate sensor selection in the
course of STS module and ladder assembly work.
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The CBM Silicon Tracking System will employ
876 double-sided silicon microstrip sensors. Every sensor
has 1024 strips placed with 58 pm pitch on each side [1].
Delivery of newly produced sensors started at the end of
2019. Quality assurance (QA) tests have to be performed
prior to assembly of the sensors into detector modules and
are currently in progress.

Electrical QA comprises two steps: global (bulk) tests,
and strip integrity tests. Global tests are IV-CV measure-
ments and require a relatively simple setup with a properly
configured and calibrated pico ampere and LCR meters. In
contrary, strip integrity tests require a dedicated probe sta-
tion and advanced methods for reliable and efficient detec-
tion of defective strips in order to confirm that manufac-
tured sensors comply with the CBM specifications.

One of the quality test centers was based in Tiibingen. A
highly specialized and automated setup for electrical char-
acterization has been built there to cope with the foreseen
QA task. To limit, even avoid transportation of the sensors
between distributing and testing sites, it was decided in the
STS project to transfer all QA infrastructure to the GSI De-
tector Laboratory, thus minimizing risk of damaging the
Sensors.

Figure 1 shows the custom-built probe station which is
already installed in the clean room of the GSI Detector
Laboratory. The mechanical setup consists of a custom-
designed vacuum chuck to hold the microstrip sensor,
which can be positioned in XY Z© with Aerotech motor
stages with accuracy better than 1 um. It also accom-
modates a movable microscope Navitar Zoom 12x with
3 MP camera and light source. Four probes with 5 pm
tip diameter on a support table are available for contact-
ing individual strips. The setup employs computer con-
trolled switching scheme which allows wide variety of tests
without time consuming manual interaction. The electri-
cal circuit is designed for measurement of small currents
(pA) and small capacitances (pF) at bias voltages up to
200 V. Figure 2 shows the inside of the probe station. Ded-
icated custom LabVIEW-based software allows to perform
complete electrical characterization of the CBM microstrip
sensors. The Tiibingen setup is flexible for testing strips
and pixels, objects with different layouts without hardware
modification. It demonstrated excellent performance dur-
ing in-depth characterization of the CBM sensor prototypes
and was used for qualification of the sensors for mSTS [2].

The QA program will be carried out during a period of
about one year, for the entire production phase of the sen-
sors [1]. The sensors are delivered in monthly batches of
up to 100 pieces. The throughput of the Tiibingen setup is
one sensor per 5 hours, including the time-consuming strip
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integrity tests. This allows to qualify about 10% of the sen-
sors. The Setup will be operated by a technician who was
taught and trained accordingly.

Figure 1: View of the Tiibingen setup which is installed in
the clean room of the GSI detector laboratory.

Figure 2: View into the probe station while performing
measurement of the inter-strip capacitance of a microstrip
Sensor.
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Characterization of the analog front-end

The characterization of the STS-XYTERv2.1 ASIC is an
important step before using the chip in the readout of the
silicon sensors. A test setup was built at the STS laboratory
in order to test the analog performance of the ASIC. The
prototype readout chain consisted of:

e Prototype FEB type C carrying one STS-XYTERvV2.1
ASIC.

e AFCK, FPGA based board implementing the STS-
XYTER-DPB Protocol backend.

e [ow voltage power supply.

H
N
I}

< 1200 ——— -
E L Polarity: holes ]
. F FAST shaper waveforms
g r FAST ]
2 1100 s -
5 F 2691 ]
g o — 3581C E
s F e B
2 10001 J ——5381C —
b —— 6.271C -
o r /\ 7171C ]
E 8.06 fC —
900 / 8.961C —
o j 9.86 1C |
- | 10.75 fC o
L —— 1165 fC —
800 12541C —
n ﬂ\ 13.441C |
E 14341C |
700E A ]
600 .
. PN AR RN N AR A
16 17 18 19 2.0 2.1 2.2
Time [us]
Figure 1: Waveforms for Fast shaper.
< 700 e
E
P . -
° s = = o
2 600 T %7
g Polarity: holes
© 'SLOW_shaper waveforms.
3 \ \—/ s01C
> 500 \ — 1791C
a \ 2691C
~—— 358 fC

30

3

A LA LA

200

1.9 2.0 21

-
=
@

Figure 2: Waveforms for Slow shaper.

First, communication with and configuration of the ASIC
were established. Afterward, the analog waveforms were
acquired using 1.5 GHz active probes connected to the
test channels of the STS-XYTERv2.1. They were read
out using a Tektronik 4054 oscilloscope. Using the inter-
nal pulse generator, pulses of different amplitudes were in-
jected. The waveforms from shapers in a test channel are
shown in Fig. 1 and Fig. 2 for polarities corresponding to
holes.
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The shaper’s gain can be estimated, for the STS mode,
by measuring the output signal amplitude. A first order
polynomial was used to fit the data and extract the gain pa-
rameters. The values result in approximately 50 mV/fC and
30 mV/fC for the FAST and SLOW shaper, respectively.

Noise and stability in the STS-XYTERv2.1

To estimate the noise levels for the STS-XYTERvV2.1, a
voltage pulse scan was performed and the S-curves from all
discriminators in every channel were recorded. The ADC
noise levels were calculated as the average of all discrim-
inators in the same channel. Results from the noise mea-
surement are displayed in Fig. 3 for both polarities.

1000

Noise_Analysis_ASIC_2.1

Electrons

ENClelectrons]

~ Holes

S e eyrnaliof

N
o
IS)

IARENRERRREE

o
1)
3

S

. L .
100 120
Channel number

L e L Ly
20 40 60 80

Figure 3: Noise for a single ASIC in prototype FEB-C.

From the figure, the noise measured for electrons is
slightly larger than for holes, as expected. This is due to
the contribution from the polarity selection circuitry (PSC),
which is bypassed in the case of holes [1]. There is almost
no difference in performance between odd and even chan-
nels.

Reliable long-term performance is considered to be an
important parameter. In order to study the noise evolution
over time for a single STS-XYTERv2.1 ASIC, measure-
ments for electrons and holes polarities were taken every
12 minutes for approximately 72 hours. The results are il-
lustrated in Fig. 4. Every point represents the average noise
value among all the channels in the chip and the error bars
indicate the standard deviation. Almost no variations can
be distinguished in both polarities along the monitoring pe-
riod.

Noise dependency on the input load
capacitance

The noise of the pre-amplifier strongly depends on the
input capacitive load. On the final STS detector, multiple
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Figure 4: Noise stability for ASIC in prototype FEB-C.

combinations of sensor sizes [2] and cables will result in
capacitance loads in the range of 12-40 pF.

In order to study the noise dependence on the capaci-
tive load, a set of dedicated capacitor phantom boards was
used. The two boards consist of simple ERNI connectors
with 64 pins, where a set of low leakage COG SMD9 ca-
pacitors ranging from 1 to 40 pF are soldered to the even
channels. Every capacitance value is cross-checked using
a Peak Tech 2155 LCR meter, in order to correct for par-
asitic values. The results are illustrated in Fig. 5. For the

ENClelectrons]

™

Noise vs load capacitance
Board_cap_16-40pF

Channel number

Figure 5: Noise as a function of the input capacitance.

measurements, the boards were attached to the first ERNI
connector of the FEBs. Using the internal pulse genera-
tor, different charge amplitudes are injected at the input
of the CSA. Output signals are read out on the dedicated
counters of the ADC discriminators. A background mea-
surement without capacitors was taken as reference (red
line). The results show a strong dependency between the
noise performance and the input capacitance of the system.
The experimental data were fitted with a first order regres-
sion line, resulting in an average slope of 22 ENC(e-)/pF
and 28 ENC(e-)/pF for electrons and holes respectively.
Similiar results were obtained for previous version of the
ASIC [3]. Discrepancies between electrons and holes are
still under investigation.

Noise as a function of the peaking time

The design of the slow shaper allows to operate at 4 dif-
ferent peaking times. This feature is exploited to trade of
between speed and noise.
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In the slow shaper of the STS-XYTER, the selection of
the signal peaking time is controlled via a 2-bit DAC. This
register modifies the resistance values in the pulse pro-
cessing chain that establishes the corresponding integra-
tion time. The output waveforms for all possible shaping
times are shown in Fig. 6. Waveforms were collected with
a Tektronik 4054 oscilloscope. The noise as a function of

Pulse amplitude (mV]

L L L AR AR L s

T\me[u:;]s
Figure 6: Waverforms for all possible shaping times.

the peaking time is shown in Fig. 7. These measurements
were taken with the same ASIC, in two different configuar-
tions. We can observe how an increase on the imput capac-
itance lead to an increase on ENC amont all differnt peak-
ing times. First, a single ASIC was bonded on a prototype
FEB-C. Second, the same prototype FEB-C was connected
to a 6 x 6 cm? sensor via an ERNI conector. Every point
represents the average among all channels, and the error
bars illustrate the standard deviation. For the first config-
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Figure 7: Noise as function of peaking time.

uration, there is almost no difference between all peaking
times. For the second configuration, there is a difference in
terms of noise performance and also a divergence between
electrons and holes. An increase in input capacitance re-
sults in an increase of ENC among all different peaking
times. The divergence between electrons and holes can be
attributed to the contribution of the PSC, which is present
in the electron processing chain.
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Testing and optimisation of the analog part of the SMX 2.1

D. Dementiev', I. Kovalev?, I. Kudryashovz, A. Kurganovz, M. Shitenkov', and A. Voronin*
IJINR, Dubna, Russia; 2SINP, MSU, Moscow, Russia

Testing and optimization of a modern multichannel
ASIC is not an easy task because such ASICs often have
a number of variable settings for both analog and digital
parts.

To optimise these settings, one needs to measure key
characteristics of the ASIC in every point of the multidi-
mensional phase space of its parameters and to choose an
optimal point based on the requirements of the experiment.

A special test stand was built to measure the characteris-
tics and to test the STS/MUCH-XYTER (“SMX”’) ASICs
(Fig. 1). It allows carrying out measurements in both auto-
mated and manual modes'.
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External generator
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AFCK board with
Kintex 7 FPGA

Figure 1: Simplified schematics of the test stand.

Software for the test stand was developed using Python
2.7 language. It mainly consists of communication inter-
face implementations for the rest of the hardware: oscillo-
scope, current monitor and signal generator. The software
also implements routines for the measurement of baseline,
noise, signal shape for different amplitudes of input signals,
and the power consumption of the ASIC.

Using this test stand, measurements of CSA character-
istics for a single SMX 2.1 chip on a FEB-C board [1, 2]
were conducted. The obtained data was used to determine
optimal values of the following registers: CSA bias current
(IN_CSA), CSA cascode and buffer currents (CAS_CSA,
BUF_CSA), CSA bias 1V generator (CSA_BIAS_1V) and
CSA FB resistor (RF_HL, I_ FED).

First one needs to select most important characteristics
of the ASIC which will be calculated from the measured
data. Then the optimal values of the parameters should be
selected to provide best possible values of these charac-

"Work supported by RFBR grant 18-02-40047.

23

teristics. For this work, the following characteristics were
selected:

e Power consumption;

Signal (from a particle of interest, in our case - MIP)
to noise ratio;

e Dynamic range;

e Relaxation time.

Because the SMX chip will be used primarily in track-
ing systems, the signal-to-noise ratio is the most important
characteristic of the ASIC, as it will provide better sepa-
ration of single events from noise. Power consumption is
also important in tracking systems, because a lot of chips
will be closely packed together, which can lead to heat dis-
sipation difficulties. Due to these reasons, obtaining the
best signal-to-noise ratio with simultaneous minimization
of power consumption were the main priorities of this work
(Fig. 2).

[CSA bias
current
(IN_CSA)

[
b4
[

@

Figure 2: Signal-to-noise ratio and power consumption de-
pendence on the CSA bias current register value.

The result of such an optimization of register values
is (in parentheses - typical values provided in the man-
ual): IN_.CSA=19(31), CAS_CSA=3(3), BUF_CSA=7(3),
CSA_BIAS_1V=19(27), RF_HL=0(1) and I FED=24(7).

Optimization of PSC, shapers, ADC and discriminator
parameters is being carried out at the time of writing.
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Towards SMX2.2, final read-out chip for STS and MuCH

K. Kasinski, W. Zubrzycka, and R. Szczygiel
AGH University of Science and Technology, Krakow, Poland

STS-XYTER, or SMX is a family of Integrated Circuits
developed for the CBM STS and MuCH detectors'. After
extensive testing campaign [1], the development is heading
towards the final architecture. The next revision, named
SMX2.2 is currently being taped-out. This paper briefly
summarizes the changes implemented in this IC revision.
Both detector systems require thousands of SMX chips for
their operation. The QA procedures require traceability of
the IC performance starting from the wafer, through wafer-
level characterization, stealth-laser dicing, complex proce-
dure of microassembly with intermediate testing and cal-
ibration in the system. AGH is preparing for the wafer-
level characterization task in terms of equipment (wafer-
prober, digitizers, digital communication systems, wafer-
probe card PCB etc.) and software-wise (MATLAB +
python scripts on both Linux and Windows machines). For
the purpose of this project a clean-room was designed and
built in a dedicated room (Fig. 1). Before going to volume
production (100 wafers), a pilot run is organized, where, 8
out of 12 wafers will be fabricated as typical (TT), while
the remaining 4 will explore the process shifts of NMOS
and PMOS transistors (FF, SF, FS, SS). The purpose is
to prove the robustness of the design and also to train
the wafer-level characterization software to achieve proper
classification of the fabricated ICs.

Changes in the SMX2.2 include, but are not limited to:

e Fast reset of the charge-sensitive amplifier acts earlier
and for shorter period of time to enable faster recovery
of the baseline. This prevents usage of longest peak-
ing times of slow shaper in conjunction with CSA re-
set.

On-chip voltage monitoring ADC [2] enables measur-
ing of VDDA, VDDC and VDDADC potentials now
in addition to the VDDM, temperature sensor, CSA
bias potential and any external potential connected to
the pad.

Layout changes around pads to minimize the risk of
shorts between pad being wire-bonded and any top-
metal structure.

ESD: Integration of DIODE-based ESD protection at
the CSA input pads. The study of the leakage current
resulting from the previous, MOS-based ESD protec-
tion circuit were evaluated in [3]. The integrated cir-
cuit named ESD-CHIP was fabricated together with

"Work partially supported by Ministry of Science and Higher Educa-
tion, Poland.

24

SMX2.1 and contained multiple variants of ESD pro-
tection circuit. Evaluation of its leakage current vs.
applied voltage for various temperatures and ability
to protect the CSA amplifier against standard ESD
pulses lead to the selection and integration of thiese
structure in the new ASIC

ESD: Size of ESD protection at the LVDS I/Os is dou-
bled to withstand the shutdown of detector bias.

e Bug fix: enabling read-back of new registers
(col=17 through 22) in row=130 (global settings).

Various working documents are collected at [4].

Figure 1: Wire-bonder and wafer-prober in a clean-room
ready for SMX2.2 ICs.
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Study of adhesives for globtop and thermal interface during STS module
assembly

S. Mehta', A. Wilms?, C. Simons?, R. Visinka®, A. Lymantes®, O. Maragoto Rodriguez®, K. Agarwal',
U. Frankenfeld®, C. J. Schmidt*, P. Kocon?, M. Bajdel’>, and J. Swakon®*

'Eberhard Karls Universitit, Tiibingen, Germany; >GSI, Darmstadt, Germany;
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During the assembly of a module, several different kinds
of adhesives are used at various steps. These are required
for gluing the ASICs to PCB, shielding layers and spacers,
applying globtop layers on ASICs and LDOs [1] and glue
the FEBs to the L-shaped fins. Different glues vary in their
characteristic properties, curing methods (thermal or opti-
cal) and their mechanical strengths. Also to use these glues
in a high-radiation environment for several years requires
radiation hardness and long term stability.

Thermal cycling of globtop material

To choose the globtop material for the ASICs, different
adhesives were investigated namely, Polytec-2249, Polytec
2257, Dymax 9001 [2] and Dymax 9008 [3]. These ad-
hesives were applied as globtop on FEB-Cs which acts as
a safeguard for the ASICs. While all the adhesives under
investigation are known to have sufficient working temper-
ature range, the FEBs with different globtops were ther-
mally cycled in BINDER MKS53 climate chamber. The
impact of repeated mechanical stresses following temper-
ature changes were observed by setting up the minimum
and maximum temperature of a cycle with the help of a
LabVIEW program.

The LabVIEW program is prepared in such a way, that
the number and duration time of each temperature cycles
can be chosen individually. During each cycle, the extreme
temperature value remains stable for 8§ minutes. Before and
after each measurement, a noise scan of the FEB was per-
formed to see the effect of temperature on the ASIC. Our
experience of thermal passive cycling (without powering
the FEBs) with Polytec showed that by increasing the tem-
perature we observed an increase in the number of chan-
nels which stopped responding in the ASIC and at high
temperature of around 80 °C, ASIC stopped showing syn-
chronisation. As an alternative to Polytec, DYMAX was
chosen as the other candidate for the globtop. The same
set of measurements were repeated for the FEBs with DY-
MAX as globtop keeping all the other parameters same to
have a comparison with Polytec. As a result, DYMAX per-
formed nicely with all the synchronized channels till high
temperature up to 90 °C. To see the effect of globtop, a
set of measurements were performed between a FEB with
globtop DYMAX 9008 and a FEB without any globtop un-
der the same conditions as shown in Fig. 1. In there, the
x-axis shows the maximum temperature during the cycle
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where minimum temperature was kept constant to -10 °C
for each cycle with duration time of 60 minutes. As can be
seen there is no increment in noise for the FEBs with and
without globtop till high temperature of 90 °C with all the
synchronized channels.
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Figure 1: Temperature vs Noise Plots: a) FEB-C without
globtop, b) FEB-C with globtop DYMAX 9008.

Irradiation studies

To study the radiation tolerance of the glues under ives-
tigation, DYMAX 9001 and 9008 were applied on two dif-
ferent FEBs and were irradiated at the Institute of Nuclear
Physics in Krakow, Poland. The FEBs have been irradiated
under 50 MeV proton beam with current of ~50-60 nA
which is comparable to the lifetime fluence of the STS.
Each FEB was kept under exposure for 25 minutes with
an integrated dose of ~11 kGy. To see the effect of radi-
ation on the glues, a noise scan of the selected FEBs was
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performed before and after the irradiation as depicted in Thermal glues
Fig. 2. The plots shows that the noise level before and after
irradiation was nearly the same in both the cases and even
after subsequent thermal cycling all the channels were re-
sponding nicely up to 90 °C.

The last step of module assembly is the gluing of two
FEBs to the L-shaped cooling fins before transferring the
module to the storage, for testing, and finally for mouting
it onto a ladder. For this purpose, thermally conductive glue
with thickness not more than 250 pm is needed which will
act as a thermal interface between the FEBs and the cooling
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z i ‘ fin as shown in Fig. 3. After some survey and learning from
% 70 Flocts  Holes the experience of other experiments like ATLAS at CERN,
2 700 s j:"”f i’:"f‘““" a few suitable candidates have been chosen for the inves-

- .. zceyc: e tigation of thermal interfaces, summarized in Table 1. To

select the glue most suited for our purpose several tests like
P R thermal and electrical tests, shear tests, irradiation hardness
studies will be performed; the investigation is ongoing.
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(Catalys LHCb,  v/0000/00005
t231Vv) NASA  9/001/stycas
2850.pdf
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. . . . SE 4445 (°c) ATLAS
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In conclusion, the observations after thermal cycling and ~ semuisi 60 = 18 10 40t 27 1x10% Epoxy https:/fwww.p
. .. . . . . te 125 rweb.com/rel
irradiation studies indicate that both the DYMAX glue vari- I’ o204
. rwel
ants are suitable for the globtop on ASICs. The only draw- 0805.htm

back with DYMAX 9008 is that after applying it onto the

ASICs it stays sticky till very long time which is not the

case with DYMAX 9001. Also, the viscosity of DYMAX References

9008 is lower than that of DYMAX 9001 so a dam is

needed as an outer layer to ensure that it should not flow. [} C-Simons etal., CBM Progress Report 2018(2019), p.16
During the beamtime at COSY in November 2019, and as  [2] Datasheet of adhesive DYMAX 9001,

well as the March-April 2020 mCBM beamtime, DYMAX https://www.dymax.com/images/pdf/pds/9001-e-v30.pdf
9001 was applied as globtop on ASICs and LDOs for the  [3] Datasheet of adhesive DYMAX 9008,
modules assembled. The results look reassuring. So, we https://www.dymax.com/images/pdf/pds/9008.pdf

plan to use DYMAX 9001 as globtop on the ASICs and
LDOs for the STS modules. Further passive and active
thermal cycling tests are ongoing to ensure that it meets
our requirements.
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Copper based Micro-Cables for STS modules

T. Blank, P. Pfistner, R. Speck, E. Trifonova, L. Eisenblitter, B. Leyrer, and M. Caselle
KIT, Karlsruhe, Germany

The development of copper micro-cables has been
started to provide an alternative technology to Al-based ca-
bles for the interconnection of the sensor modules and the
STS-XYter readout chips. As copper is used for the con-
ductors vias and hence, multilayer cables can be produced.
Therefore, only one copper cable is required the N- (P) side
of the sensor to the STS-XY'ter instead of two, in case of
Al-based cables. Additionally, fast Au stud-bumping and
solder technologies can be used, which accelerates the pro-
duction steps for the module [1, 2]. In this section, the pro-
gresses achieved for the cable development, the intercon-
nection processes and the automated interconnection steps
is reported!.

Improvements in Cable Design and Assembly
Processes

To reduce the capacitive coupling between the top and
bottom layer, the copper traces were staggered, as shown
in Fig. 1 [1]. However, this asymmetric layout resulted in a
severe twisting of the cable after heating up the cable dur-
ing soldering process of the STS-XYter chips to the cable
(see Fig. 1). Hence, in version v8 the cable design was
changed to be completely symmetric. After soldering of
the STS-XYter chips the cable remains flat, as depicted in
Fig. 2.

Additionally, the width of the cables was changed on the
sensor side as the nominal gap between two adjacent ca-
bles on the sensor at room temperature was designed to be
20 $mum. However, during soldering process of the cables
to the sensor the thermal expansion on the cable needs to
be compensated. The measured Coefficient of Thermal Ex-
pansion (CTE) of the copper cable is about 20 ppm. There-
fore, at a soldering temperature of 250 °C the copper cables
with a width of 7404 pm expand by 37 pum. This expansion
mitigated the bonding and soldering process on the cable,
as the nominal gap between two cables is 20 pm, result-
ing in a possible overlap of the cables during the assembly.
Thus, the cable width was downscaled by 41 pm in cable
version v8. Furthermore, the small gap of 20 pum in prior
cable versions resulted in severe difficulties to singulate the
cables. The increase of a gap of 230 pm between two ad-
jacent cables allows for an easy singulation of the cables
from the production sheet by a laser (see Fig. 3). Finally,
we changed the solder material from SAC305 to Sn42BI58.
Sn42BI58 has a liquidus point of 138 °C instead of 220 °C
of the SAC305. The lower melting temperature further re-

IThe text also appears in Technical Note CBM-TN-20002, section 6.8.
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Figure 1: Top: Sketch of asymmetric cable layout; bot-
tom: twisted cables after soldering on the STS-XYter
chips and sensor.
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Figure 2: Top: Sketch of symmetric cable layout; bot-
tom: cables are not twisted after soldering on the STS-
XYter-chips.

duces the effects of the thermal expansion.

The placement accuracy of the automatic cable was im-
proved by modification of the mechanical fixtures of the
optical reference marks. This modification ensures that the
optical reference marks are now always aligned vertically
with the camera objective. A slight misalignment of about
only 2-3 degrees between the mark and the camera ob-
jective leads to a non-reproducible placement error when
bonding the cable to the sensor. The misalignment-effect is
illustrated in Fig. 4. Figure 5 shows the effects of a slight
alignment error on the bonding position. The upper image
of Fig. 5 shows an in the vertical direction misaligned ca-
ble. The displacement is about 15 m. The lower picture of
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Redesign of the Cable — Issue #1 Pitch

= Current width of inner Cable: 7404 um
= Soldering Temperature with SAC: 250°C
= CTE-Polyimide: 20 ppm/K

) Al =37 pm @ 250°C

Hot cable
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for all processes
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(DO
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Figure 3: Top: The CTE and the small nominal gap be-
tween two adjacent cables of version v7 interferes with the
soldering process of the cables on the sensor. Left: The de-
sign of the cable v8 with a larger gap for laser-singulation
of the cables. Right: A well laser-singulated cable of ver-
sion v8.

Fig. 5 shows a well aligned set of two cables on the sensor
after the optimization of the mechanical fixture. Figure 6
shows the imprints of the Au stud bumps on the cable pads
after the bonding process. They are perfectly centered on
the pads of the cable.

The double-sided soldering process of the cables on the
N- and P-side of the sensor requires a precise control of
the temperature to avoid the de-soldering of the cables,
which have been already soldered on the first side. There-
fore, it would be beneficial to use two solder types with
different melting temperatures. However, as the openings
in the stencil correspond to the small pads of the sensor,
solder paste with particle sizes of type #7 (5 pm to 15 um),
#8 (2 pm to 11 pum) or #9 (2 pm to 6 um) are required.
The combination of the specific requirement on the melting
temperature of the solder paste and the particle size makes
it difficult to find vendors offering these pastes. However,
the process can be set up reliably by just using Sn42BISS,
as described in in this section. Additionally, we improved
the control of the amount of solder paste transferred during
the printing process by changing from stainless steel sten-
cils to fine-grained ‘“Nanovate” nickel stencils. The nano
particles in the “Nanovate” stencils allow for a better res-
olution of the paste from the stencil resulting a higher re-
peatability of the amount of printed onto the cable. The
Nanovate stencil in combination with a variation of the
openings (Fig. 7) mitigated the risk of short circuits be-
tween two pads.
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Figure 4: A misaligned reference
mark results in an offset between
the real position and the position de-
tected by the camera.
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Figure 5: Top: misalignment of the
cables bonded on the sensor; bot-
tom: well aligned cables.

Figure 6: Perfectly centered im-
prints of the Au stud bumps from the
sensor side in the solder depot of the
cable.

Figure 7: Improved stencil design with variation in the
stencil openings to reduce short circuits.
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Production of a Dummy Module and First
Operational Results

A first dummy module comprising one sensor, 16 Cu-
cables compatible to the “micro cable unit 05 ladder type
16” specification with a length of LNSB = 172.3 mm,
LPSB = 162.3 mm and 16 STS-XYter dummy chips has
been built up. The module is shown in Fig. 8.

Figure 8: First copper module completely assembled with
STS-XYters on N- and P-side.

First double-sided test modules based on the copper mi-
cro cable technology have been assembled at KIT. They
comprise of one 20 cm copper micro cable per sensor
side, two STS-XYTERv2.1 readout ASICs, two Front-
End-Boards type C and a 6.2 cm by 6.2 cm CiS sensor.
The test setup of the copper cable test module is shown in
Fig. 9.

Figure 9: Double-sided test module based on copper mi-
crocables.

The modules assembled at KIT have been tested at the
STS detector laboratory at GSI. The noise measurements
have been performed by S-curve method. Figure 10 shows
the measured ENC of the P-side of the test module. The
noise level is uniform across all readout channels with a
level of around 900 e~ . The increasing noise present at the
edge channels is due to pickup of parasitic signals and can
be removed by shielding of the micro cables. All channels
are properly connected and the noise is very close to the
expectations. More modules will be evaluated to confirm
these first results. They indicate that from the perspective
of system noise the copper technology is a suitable alter-
native to the aluminum TAB technology. Missing is the
comparison with an Al-cable.
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Figure 10: Measured ENC of the p-side of one of the test
modules.

Next Steps

A complete working Cu-module will be fully assembled
and both the electrical and thermo-mechanical test will be
performed.
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Front-end Board for the BM@N STS project

D. Dementiev', A. Voronin®, Yu. Murin', T. Lygdenova®, A. Sheremetev', M. Shitenkow', and
N. Sukhov'
'VB LHEP, JINR, Dubna, Russia; 2SINP, MSU, Moscow, Russia; >TSU, Tomsk, Russia

The BM@N STS project' [1] is being developed as a
joint effort of JINR and CBM STS groups in the framework
of the Russian-German Roadmap. The system is based on
the CBM-STS type of modules, but with modified Front-
End Boards (FEBs). The main constraints of the FEB de-
sign are very tight layout and connectivity, which are lim-
ited by the space available between STS stations and FEB-
boxes. To provide more space for the power and data cables
in the BM@N STS, it was decided to increase the distance
between the stations by a factor two (up to 20 cm) rela-
tive to that foreseen in the CBM STS, and to design a new
FEB with a modified geometry for easier integration of lad-
ders into the mainframe. The main features of the FEB of
BM®@N STS are as follows:

1. Separate symmetries for the sensors’ P and N sides;

2. Eight STS/MUCH-XYTER ASICs are staggered the
same way as on CBM FEB-8;

. Number of uplinks per one ASIC: 1;
. LDOs are located in the bottom part of the PCB;
. PCB size is 4087 mm? with a thickness of 1.6 mm;

. One edge-card connector SE18040% with 40 signal
pins / 0.65 mm pitch and 8 power pins / 1.3 mm pitch;

AN B~ W

. AC-coupling capacitors for the signal lines are ar-
ranged in a 2D row near the connector.

A photograph of the prototype FEB is shown in Fig. 1.
Since the connector SE18040 was not avaliable in stock,
the first prototype of the board was produced with the same
type of the connector but only 20 signal pins - SE10020°.
The next version with a SE18040 connector is now being
developed.

All interfaces for one module, including LV, HV-
powering and data cables, are connected to FEBs with a
FEB-panel. It is connected to both boards of one module
and is fixed to the FEB-box. The lack of connectors on the
FEB as well as a horizontal placement of AC-coupling ca-
pacitors allowed to minimize the height of the board and to
increase the thickness of the FEB’s cooling interface. The
distance between two neighbouring boards was increased
to 6 mm. That allowed placement of two SE408 connec-
tors on the one FEB-panel. On the back side of the panel
there is enough space for the placement of LV, HV and sig-
nal connectors, as well as a signal return capacitor. The
FEB panel is now being developed.

"Work supported by RFBR grant 18-02-40047.
2 Amphenol p.n. SE1804023111111
3 Amphenol p.n. SE1002023111111
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Figure 1: Prototype of the BM@N FEB in comparison with
FEB8-2-LNRP-A2.

Figure 2: Two FEBs with a FEB-panel

Due to the power-connection scheme with a floating
ground, the FEB should withstand the applied voltage be-
tween the FEB ground and the data connector. Breakdown
tests were carried out with one board. The FEB withstood
voltages from -450 V to +450 V at 20% air humidity.

The modification of the FEB-geometry allowed to in-
crease the distance between FEB-boxes, which is crucial
for the cabling, by up to 28 mm. The FEB-panel eleminates
the need of the 90° cable bending and simplifies connection
of the interfaces to the module. Signal integrity tests have
shown that the data transmission even with 10 m cable is
stable for clock frequencies up to 160 MHz [2].
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Performance of STS-HCTSP with long transmission lines

D. Dementiev and M. Shitenkow
VB LHEP, JINR, Dubna, Russia

The STS-HCTSP protocol was developed for the signal
transmission between front-end readout electronics of the
CBM STS and the GBTx core through AC-coupled lines,
and is described in [1]. The protocol assures data trans-
mission at 320 Mbps in uplink and 160 Mbps in downlink
directions. Signal integrity depends on the quality of the
signal transmission line, especially for applications with
long cables. It is of particular importance to the BM@N
STS project, as long data cable connections between FEBs
and GBTXEMU boards, located in a radiation-safe envi-
ronment, will be used. The data connection consists of two
parts: inside and outside the STS enclosure. The length of
the inner cables is less than 1 m, while the length of the
outer cables is up to 10 m.

< (%)
ZIF to HDI16 adapter

Figure 1: Photograph of the test bench.

SI tests' were performed for the signal transmission line
consisting of the following parts:

1. AFCK with a dedicated FMC as a data processing
board;

2. Twinax cables? with length 1/8/10 m;
3. FFC to twinax interconnection board;
4. FFC? cable of 1 m length;

5. FEB8-2_LPRN_B with SMX21.

A photograph of the test bench is shown in Fig. 1. Eye di-
agrams were measured at the following points. For down-
link: at the FEB level after AC-coupled capacitors. For
uplink: at HDI16 FMC at the level of AFCK. Examples
of the eye diagrams for the uplink and downlink with the
longest cable configuration are shown in Fig. 2. Analy-
sis was performed with an R&S®RTO2000 oscilloscope
6 GHz, with two active differential probes. The waveforms
were received during the SOS (Start-of-Synchronization)
command generation. Measured parameters are defined as
follows.

"Work supported by RFBR grant 18-02-40047.
2Samtec HDLSP
3 Axon FDC100
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o Height: (Vtop -3 X Utop) - (Vbase + 3 % Ubase);
o Wldth (TCT0582 -3 X% 02) - (Tcrossl -3 x Ul);

e Rise time: from 10% to 90% of the top level of the
signal and opposite for the fall time.

Figure 2: Eye diagrams of the uplink at 320 Mbps mea-
sured on the AFCK (top); and the downlink at 160 Mbps
measured on the FEB after AC-coupling capacitor (bot-
tom). Cables: 10 m twinax plus 1 m FFC cable.
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Figure 3: Parameters of eye diagrams for different types
of cable connections. Height and Width of the eye (top
figures). Rise and Fall time (bottom figures).

As shown in Fig. 3, the eye is closing with increasing
cable length. However, even with 10 m twinax cables and
1 m FFC, the communication is stable. The Q-factor is
exceeding 9 for all types of connectivity. It corresponds to
the BER~ 10719, The eye height for the long transmission
line could probably be increased by changing the value of
the termination resistor.

References

[1] K. Kasinski, et al., A protocol for hit and control synchronous
transfer for the front-end electronics at the CBM experiment,
Nucl. Instr. Meth. Phys. Res. A835 (2016) 66-73.



Silicon Tracking System

CBM Progress Report 2019

Test of a fully integrated STS detector module in proton beam at COSY
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We report on the test 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, carried out with high-intensity pro-
ton beam extracted from COSY, Research Center Jiilich,
in November 2019. The module integration onto a carbon
fiber support ladder, the electrical supply through the final
powering electronics, the read-out with the current data ag-
gregation and data transport systems, as well the mechani-
cal assembly of detector ladder onto a C-frame and its in-
stallation into a mainframe with close resemblance to fea-
tures of the intended full-scale STS detector system marked
the test an important project milestone. The results shown
below contributed to concluding the ASIC Engineering De-
sign Review in December 2019 and will give important in-
put to the CBM module series production readiness proce-
dure scheduled to take place in 2020.

mCBM experiment and dedicated detector
tests at other facilities

The CBM experiment has entered a phase in which
the main detector system test activity has been shifted to
the mCBM (“miniCBM”) [1] demonstrator experiment at
GSI/SIS-18. mCBM is operational since late 2018. Ini-
tially being without explicit beam during SIS-18 recom-
missioning in December 2018, first beam delivery took
place in March 2019, however limited to hours of parasitic
beam from the HADES experiment as the main user then.
A further beamtime for mCBM is taking place in Spring
2020, at the time of writing this report. The March 2019
mCBM beamtime yielded plentiful information from the
combined operation of detector systems, including a minia-
ture/demonstrator versions the of Silicon Tracking System,
named mSTS [2]. The read-out was integrated in one full
chain of data acquisition from the front-ends to the comput-
ing center Green Cube. Central aspect of the beamtimes is
combined operation and data taking of the systems, allow-
ing to study various correlations ranging from data rates,
as function of beam intensity and target thickness, to tim-
ing and eventually track reconstruction. With beam inten-
sities up to 108 Ag ions/s and collision rates up to 10 MHz,
standard CBM operation conditions and high data rates
> 2.5 GByte/s peak were achieved. Detailed detector stud-
ies took place but were naturally restricted to reaching con-
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figuration readiness. Specific detector investigations are
therefore still well placed in different beam campaigns than
mCBM, e.g., using the focused “pencil beams” at COSY
rather the particle spray from SIS-18 beams directed onto a
target, with the detectors being the object to be studied and
not the reference detectors.

STS system test in proton beam at COSY

The test carried out in the JESSICA cave at COSY in
November 2019 addressed a newly assembled STS mod-
ule, alike the one shown in Fig. 1, comprising a further de-
veloped front-end electronics board (FEB-8) with the new
ASIC version STS-XYTER v2.1 and new low-voltage reg-
ulation ASICs. This allowed the first operation of a fully
functional and noise-optimized STS module in beam.

Figure 1: Detector module of the CBM STS as used in the
test at COSY.

The module was mounted onto a carbon fiber support
ladder, as described in [3] and installed on a C-frame in a
mobile test station. For the beam time at COSY, a mSTS C-
frame has been refurbished with a new ladder. The module
of the type TLO1 represents the longest module of mSTS,
comprising one 6.2 by 6.2 cm? sensor from Hamamatsu
fabrication, 45 cm Aluminum microcables, two FEB-8
with alltogether 16 STS-XYTERv2.1 readout ASICs. It
has a wide shielding covering the sensor on both sides, and
no cutouts for L-legs attaching the silicon to the carbon
frame. A newly build mainframe was nesseary to match
the beam hight at COSY. Inside, the ladder is horizontally
arranged, as opposed to the vertical installation at mCBM.
After the beamtime, the mainframe serves as a test box for
mSTS C-frames since it can be used for all for units of the
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mSTS. A view into the fully assembled system mainframe
ready for the transport to COSY is provided in the photo of
Fig. 2. One can distinguish the horizontally mounted de-
tector ladder, the mass-reduced C-frame, and other compo-
nents as the C-ROB data aggregating electronics, powering
electronics, and a high-voltage filter box — all under shield-
ing covers.

The system was operated with specific power regulating
and distributing electronics and a full prototype CBM data-
driven read-out chain, as also applied in mCBM, sand-
wiched in between two stations of a scintillating fiber ho-
doscope, its 64 channels per station with the same read-out
as the silicon detector. The set-up on the beam table in the
JESSICA cave at COSY is depicted in side-view shown in
Fig. 3. In the front the chiller for water cooling of the read-
out electronics in the detector system is seen.

Figure 2: STS sytem assembled for the test at COSY.

Test results

During the beam campaign, we collected 26 runs of typ-
ically 5-10 minutes duration each, yielding 20-30 data
(TSA) files, each of 1.9 GB size and comprising of the or-
der of 1000 time slices (10 us). Beam energy and momen-
tum, respectively, remained constant at E;,, = 1.92 GeV,
p = 2.7 GeV/c. We varied conditions of beam intensity,
beam position and detector settings, that allowed us to mea-
sure various properties of the detector, and characterize
them in different configurations. Figure 4 shows data rates
as a function of time, given in number of recorded signals
per second, in the whole detector, and separately for the
p- and the n-sides of the module, as well as for the ho-
doscopes. The long beam spills of the COSY accelerator,
followed by a short break, can be clearly identified.

The targeted STS system noise of around 1000 e~ ENC
was demonstrated both during detector commissioning in
the assembly laboratory at GSI and in the COSY beam
environment (see Fig. 5). The measured signal is shown
in Fig. 6 depicting the beam spot for one spatial coordi-
nate and the signal distribution for one read-out ASIC, i.e.
128 channels, all in ADC units. Detailed analysis of the
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Figure 3: STS system set up in the JESSICA cave at COSY.
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Figure 4: Data rates in STS module (p- and n-sides sepa-
rately), and hodoscopes (line in red color) for a number of
accelerator spills.

data taken is in progress to yield robust signal calibration
and thus the signal-to-noise ratio, together with the particle
detection efficiency in the small test system of STS module
and the fiber tracking telescope.

The time calibration was done identifying a peak in the
correlation tgg — thodoscope:* The distribution is shown
in Fig. 7. The peak is very sharp and sits on a complex
background; next to big “waves” (periods of about 300 ns),
there are small peaks at periods of 25 ns from the COSY
accelerator. Both STS and the hodoscopes were sensitive
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side (left), and signal distribution in one ASIC (right), all
in ADC units before calibration.

to that 40 MHz noise. It was also noted that at high data
rates, as a function of increased intensity, multiple peaks
in the same time-slice appeared, which was followed by
time-jumps, i.e. a sudden change in synchronization. At
later times, this has been attributed to the sorting buffer and
algorithm in the C-ROB firmware.

In order to improve the signal-to-noise ratio in the recon-
struction of correlations of neighbouring signals (clusters)
and then of clusters in the p- and n-side (hits), noisy chan-
nels have been masked. Moreover, the large noise in the
even channels visible in the p-side, is removed by selecting
signals with charge larger than 3 ADC.

After noise removal, clusters have been reconstructed by
connecting signals from neighbouring strips. The time dif-
ference of signals in 2-strips clusters, shown in Fig. 8 sepa-
rately for the p- and the n-side, demontrates a time resolu-
tion of few ns. This is an excellent resolution, considering
that walk correction -which reaches about 20 ns for low
charge signals, has not yet been applied. The signal distri-
bution follows well a fit with a Landau function, see Fig. 9.
A charge calibration in electrons is in preparation.

The hits from the STS module and the two hodoscope
stations reconstructed in space are presented in Fig. 10. No
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corrections for spatial alignment have been applied, there-
fore a shift in transverse directions can be noticed when
looking at the respective beam spots.

To understand the performance of the STS sensor, the
coincidence with the hodoscope system has been studied.
First the space correlation of the hits in the forward and
backward hodoscopes has been analyzed: selecting the best
time coincidence between two hodoscopes improves the
correlation. The hits in coincidence are interpolated to cal-
culate the expected position of the in the STS sensor. This
is illustrated in Fig. 11. Then the hits in the STS are corre-
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Figure 10: Reconstructed hit maps of the beam particles in
the detector test system. No transverse alignment correc-
tions have been applied yet.

lated with the expected interpolated hits. Figure 12 shows
the space and time correlation: A sharp peak is visible on
top of a broad background. 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) and t (= 6 ns) is narrow as expected. It is
important to note that the signal time has not yet been cor-
rected for walk effect, leading to an increase of the apparent
time resolution.

Based on a simple straight-line trajectory reconstruction,
and detector alignment not yet fully taking into account, a
first attempt to determine particle reconstruction efficiency
in the silicon detector has been made. While appearing
very encouraging, in the vicinity of unity across large part
of the area, the pointing accuracy of the simple tracking, or
the noise treatment, is still to be improved in order to secure
the error on the ratio STS hit/STS hit on track found. This
is work in progress.

Conclusions

The first operation of a fully functional and noise-
optimized STS module in beam has been carried out.
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The targeted STS system noise of around 1000 e~ was
achieved. The detector system proved being a great tool
for characterization of the full CBM-STS electronics, read-
out chain and the sensor. Scans of read-out threshold,
beam impinging position and beam intensity have been per-
formed. An excellent time resolution was demonstrated.
The charge distributions show clear separation between
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noise and proton signal peak. The beam spot reconstruction
was achieved successfully. Correlation of hits in STS and
the hodoscopes allow a first estimate of hit reconstruction
efficiency. The COSY beamtime campaign was immensely
helpful in commissioning the full readout electronic chain
and online reconstruction software. First results have ap-
peared, e.g. the time calibration, and steps to charge cali-
bration. Much more is to come!
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STS carbon fiber ladders — series production in industry

U. Frankenfeld and J. M. Heuser
GSI, Darmstadt, Germany

Series production

A set of 50 pre-series carbon fiber ladders have been de-
livered end of 2018 [1]. The outcome was reviewed [2] and
after discussion with the company ICM [3] the final order
was placed. The complete production of 132 ladders has
been delivered in three batches in summer 2019.

Metrology

Optical metrology was performed for a sub-sample of
20% of the produced ladders. The measurement were per-
formed with a three axis measurement instrument equipped
with a camera. Focus variation and pattern recognition
techniques have been used to determine the position of the
tube of the CF ladder between the winding knots [4]. The
width of the knots has been measured to be up to 400 pm.
For the assembly of the STS ladders [5, 6] the enlargement
(Fig. 1) is the most important quantity and is defined as:

_(y - ynom)ay <0
Y — Ynom, Y 2 0

L

enlargement v

enlargement := {

enlargement

Figure 1: Definition of enlargements and coordinates.

Figure 2 shows the variation of the enlargement for the
pre-series (black) and the improvement of the series pro-
duction (blue). No outlier has been found. The larger vari-
ation in z will be evened during the assembly while gluing
the sensor holding structures (L-legs) onto the ladder. To
compensate the measured enlargement and knot width two
sets of L-legs) with enlarged dimensions (y += 600 pm and
y += 1000 pm) have been produced by the JINR team.

Central ladders

In addition 16 CF ladders with a cutout for the beam
pipe are needed. The company ICM has performed fi-
nite element calculations for different realizations of the
cutouts (Fig. 3) and produced test gluing. After finalizing
the dimensions and tolerances three prototype ladders with
a cutout will be ordered at ICM and are expected to be de-
livered before publishing this article. Metrology, load tests,
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Figure 2: Metrology of 20% of the produces ladders.

vibration studies and sensor mounting close to the cutout
will be carried out or investigated.

Figure 3: Example of a finite element calculation of one
spezific realization of the cutout.
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First experience with the ladder assembly at JINR

D. Dementev, V. Elsha, and Yu. Murin
VB LHEP, JINR, Dubna, Russia

Ladder assembly at JINR is performed with the Ladder
Assembly Device (LAD)'. The LAD with a set of fixtures
was produced at PLANAR, Ltd. Enterprise (Minsk) and
installed at the JINR site (see Fig. 1) at the end of 2019.
It is equipped with an optical system, which is used for
the monitoring of the sensor position in a horizontal plane
and has an accuracy of 2 pm. For the alignment of the
sensors it comprises different sets of sensor positioning
tables with micro-screws and a lifting unit for the vertical
displacement of the ladder sensor supporting CF truss. The
device is installed on a heavy-duty diabase table to avoid
vibrations of the LAD during operation. The LAD should
provide the following accuracy of the sensor positioning:

X coordinate:
Y, Z coordinates:

4 15 pm on 1200 mm along the truss;
4 50 pm across the truss.

The assembly procedure consists of the following steps:

1. Gluing of L-legs to the sensors;

2. Carrying of the module with a transportation tool to
the ladder assembly device;

3. Alignment of the sensor of the module and the cable
leading to the corresponding FEB,;

4. Steps 2-3 are performed for all modules of the ladder;

5. Putting the CF frame to the final position on top of the
chain of sensors in between L-legs;

6. Gluing of all L-legs to the CF frame;

7. Fixation of micro-cables stack to the ruby ball posi-
tioning units at the rare ends of the ladder;

8. Mounting of FEBs on the cooling fins of the two FEB
boxes of the ladder;

9. QA measurements of the ladder.

Figure 1: Photograph of the ladder assembly device in-
stalled at VB LHEP, JINR (Lh.s.); Photograph of the ladder
mockup assembly process (r.h.s.).

I'Work supported by RFBR grant 8-02-40113.
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To test the device and tooling, the first mockup of the
ladder with two 62 x 62 mm? dummy sensors was assem-
bled, seen in Fig. 2. Before the assembly, positioning ta-
bles were installed in given positions, flatness was adjusted
within 15 pgm. Allignment of sensors on positioning ta-
bles was performed with dedicated micro-screws. Fiducial
marks on sensors were aligned according to coordinates de-
fined by positions of centers of ruby balls at the far ends
of the ladder. After curing of the glue, coordinates of the
fiducial marks on the sensors aligned on a ladder-line were
measured. As shown in Fig. 3, the deviation of the X coor-
dinate (perpendicular to the strips on the N-side) from the
mean value is less than 8 um.

[
Figure 2: Photograph of the assembled mockup.
Deviation of the cross-positions on the sensors in X direction

© Sensor 0
@ Sensor 1

Xmean-Xn, pm

Y-position, mm

Figure 3: Measured deviations of X coordinates of the fidu-
cial marks on the sensors from the mean value.

Further investigations are planned to demonstrate the
workability of the whole assembly process with real mod-
ules. Also, modifications of the auxiliary tools and CF-
frame crane are needed to adopt it to the version of ruby

| ball positioning unit of CBM STS ladders, which is slightly
~ different from the one that is used in the BM@N STS lad-

der design. Metrology of assembled ladders is planned to
be performed with the CNC coordinate measuring machine
Mitutoyo Crysta-Apex S9206, which has already been pro-
cured and delivered but not yet installed at the assembly
site.
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Ongoing R&D for the STS Thermal Demonstrator

K. Agarwall, R. .M. Kapellz, M. Kis?, P. Koczon?, P. Kuhl?, S. Mehta', U. Moller*, H. R. Schmidt'?,
J. Thaufelder’, and O. Vasylyev?

1Universitit Tiibingen, Tiibingen, Germany; 2GSI, Darmstadt, Germany

This contribution describes the ongoing R&D to experi-
mentally demonstrate the feasibility of STS’s cooling con-
cepts. The aim is to achieve this by building a thermal
demonstrator comprising of up to 3 STS half-stations (all
from Unit 01) under realistic constraints[1].

Silicon Sensor Cooling

Due to the expected irradiation damage, sensors will dis-
sipate ~ 6 mW/cm? at -10 °C. So they have to be kept at
< -10 °C to avoid thermal runaway & reverse annealing,
by using forced No cooling to ensure that no extra material
budget is included inside the active detector geometry.

Preliminary tests have been conducted with gas nozzles
on either sides of a ladder. Instead of real silicon sensors
mounted on the ladder, an assembly of an aluminium plate
with Kapton heaters was used as the heat producing source
for this study.

The results obtained are shown in Fig. 1. These results
have been extrapolated from room temperature to —10°C
to represent the STS scenario. Given that one is limited by
the gas velocity and the resulting vibrations, it can be in-
ferred that the ambient temperature is the dominant effect
determining the sensor temperature. Therefore, the tem-
perature inside the STS thermal enclosure must be kept at
< -10°C in a controlled way, so that the remaining residual
sensor heat could be removed by a low velocity gas flow.

-7.0 T T T T T
—¢Velocity = 0.5 m/s @ -8.5 +-1.5°C
—¢Velocity = 1.0 m/s @ -8.5 +-1.5°C
75F Velocity = 1.5 m/s @ -8.5 +/-1.5°C
- Velocity = 2.0 m/s @ -8.5 +- 1.5°C
Velocity = 1.25 m/s @ -27°C
-8.0F bient Temp. E

s r//\ -
] ./\‘ -
el /\\ ]

0.0

105

Temperature [°C]

-11.0

#1 #2 #3 #4 #5
Location on the Ladder

Figure 1: Variation of temperature along the ladder for dif-
ferent air-flow velocities and temperatures.

Please note that several other gas flow configurations
with better test structures and its thermal and vibrational
effects are under study.

Thermal Enclosure Walls

In order to avoid any outside heat and humidity to en-
ter the STS environment, the walls of the insulation box
will be up to 40 mm thick (carbon-fibre composite cladded
insulating foam). Two additional features, used at several
trackers at LHC experiments [2], will also be used (Fig. 2):

Cooling plates at -40 °C will be attached to the side walls
of the enclosure to control the gas temperature inside
the box. The temperatures on these plates is foreseen
to be the coldest spot in the box so that it safely hosts
any condensation outside the electronics area.

Kapton Heaters dissipating > 100 W/m? at the outer sur-
face of the walls to remove any condensation and keep
the surface temperature above the dew point of the
CBM cave.

Heater Foil

Insulation Layer

LSS
z s z 5 Cold Plate

Figure 2: Cross-sectional schematic of the insulation panel.

Corresponding CFD simulations with the simplified STS
geometry and realistic C-Frame temperatures showed that
the maximum ambient temperatures around the beam pipe
for the innermost sensors is around -17.5 °C.

Front-End Electronics (FEE) Cooling

FEE placed outside detector acceptance are connected
to the silicon sensors via up to 55 cm long microcables and
dissipate ~ 40 kW. So the surface of the FEE enclosure, as
seen by the sensors, should be < -10 °C to avoid any heat
transfer to the sensors.

Choice of Coolant

Upon intensive discussions at the Cooling Conceptual
Design Review [3], it was concluded that the 3M NOVEC
649 Engineered Fluid is a better coolant option for the FEE
Cooling than the Pumped Liquid-Circulation CO, because
of the following reasons:

e Easier Commercial Manufacturing and Maintainence;
e High Volumentric Heat Transfer Coefficient;

e Low Global Warming Potential (~ 1);

e Radiation hardness up to 10 kGy.
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Cooling Plate Optimisation

Another important conclusion from the CDR was that
the NOVEC 649’s flow velocity inside the cooling plate’s
copper tube is too high (> 3 m/s) and is considered to be
detrimental as per industry practices. This requires opti-
mising the cooling plates for better thermal performance
with lower flow velocity. Given that the length of cop-
per tubes which could be winded within the plate is lim-
ited, a change in cooling plate technology is proposed
from Press-Fitted Tube Channels to Milled Inner Struc-
tures. This R&D is done in collaboration with CoolTec
Electronic GmbH'. Other option with Metallic 3D-Printing
is also in consideration and isn’t addressed in this report.

The CFD simulation results for the new baseline cooling
plate (Unit 07) as performed by CoolTec Electronic GmbH
are shown in Tables 1 and Fig. 3.

Power Dissipated 1100 W
NOVEC Inlet Temperature -40°C
Mass Flow 90 g/s
Maximum Flow Velocity 2.5 m/s
Maximum Temperature on the Cooling Plate | -24 °C
Total Pressure Drop 0.9 bar
Maximum Pressure Rating 5 bar

Table 1: CFD analysis results with NOVEC cooling

It must be noted that the optimisation of the FEB box and
all its thermal interfaces is still ongoing [4]. Nevertheless,
preliminary experimental and simulation results show that
an additional temp. rise of ~ 15 °C is introduced by the
complete FEB box. This indicates that the maximum temp.
on the ASICs with the parameters listed in Table 1 would
be ~ -9 °C, which is close to the targeted temperature of
~-10°C.

Temperatur (Festkorper) ['C]

Figure 3: Temperature distribution on the Cooling Plate.

7.5 kW Cooling Plant

For the Thermal Demonstrator Project and the eventual
STS integration procedure, it is planned to have a relatively
smaller 7.5 kW cooling plant with most functionalities of
the final 50 kW cooling plant. Therefore, a commercially
available cooling plant is under design and construction

Thttps://www.cooltec.de
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with compact Kiltetechnik GmbH? and KKR Klima-Kiilte-
Reinraumtechnik GmbH? . Main parameters of this plant are
shown in Table 2.

Cooling Capacity 7500 W
Temperature Range -40 ... +20°C
Max. Mass Flow 1125 g/s
Max. Operational Pressure 5 bar
Secondary Circuit Coolant | 3M™ NOVEC™ 649
Primary Circuit Cooltant Biphase CO-

Table 2: Major specifications of the 7.5 kW Cooling Plant.

Dummy FEBs and Modules

Dummy FEBs were designed to mimic the thermal be-
haviour of the real FEBs (Fig. 3), by depositing copper me-
anders on the PCBs as the heat producing elements instead
of using ASICs and LDOs. Such PCBs were manufactured
by ILFA Feinstleitertechnik GmbH?.

182°C

Figure 4: Temperature comparision: real / dummy FEBs.

Consequently, the first prototype of a thermal dummy
module was also assembled (Fig. 4) and is currently un-
der tests. Silicon power resistors are used to mimic
the heat produced by STS sensors, by producing joule
heat accross an Inconel layer (Ni-Cr Alloy; 200 nm) de-
posited on 300 pm silicon bulk (manufactured by Sil‘tronix
ST?) [5]. The microcables are mimicked by Polyimide-
cladded Multi-Wire Copper Flexible Cables (manufactered
by SUMIDA Flexible Connections GmbH) and are used to
power and readout the temperature of the silicon power re-
sistors.

Figure 5: Thermal Dummy Module.

Zhttps://www.compact-kaeltetechnik.de
3http://www.kkr-gmbh.info
“https://www.ilfa.de
Shttps://www.sil-tronix-st.com
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Sensor Alignment of the CBM-STS Detector Using Combined Sets of Targeted
and Cosmic Muons

S. Das' and H. R. Schmidt'?
'Eberhard Karls Universitit, Tiibingen, Germany; >GSI, Darmstadt, Germany

Abstract

The purpose of aligning a detector is to determine the
accurate space coordinates and the orientations of all of its
components. To achieve such a spatial precision (~ 10 pm)
of all the components in a complex hierarchical detector
like the Silicon Tracking System (STS), a track based align-
ment algorithm has been developed [1, 2]. In our previous
reports [2, 3, 4] we had explained the task extensively for
the unit and the ladder active hierarchies. This short re-
port will address the sensor alignment of the STS and what
additional strategies are employed!.

Sample preparation

The STS geometry (version 16g) that we have used for
the simulation, consists of 876 sensors. So, it is impor-
tant to prepare a large sample of tracks for the alignment
purposes. To be able to align the detector components
(alignables) successfully using a track based alignment al-
gorithm, each individual alignable (sensors in this case)
with the limited active area, should have a decent track oc-
cupancy.

To fulfill the objective, 5 million muon tracks are gen-
erated from the regular target (T at Z = 0 cm) and ad-
ditionally, another target (T; at Z = —10 cm) is assigned
(Fig. 1) upstream in 10 cm gap to T, to originate 5 mil-
lion more new tracks. Further 3.7 million cosmic muons
are used to complete the set of total 13.7 million tracks for
the procedure.

L —7

—>

>

Figure 1: Two targets (T, T1) within a gap of 10 cm.

Assignment of the constraints

The misalignment parameters are determined by the
minimization of the track x2 with respect to misalignment

I'This work is supported by the grant BMBF-05P16VTEC]1
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parameters. In the x? minimization, linear transformations
like a shift of the complete detector leave the residual un-
changed (weak modes). These linear transformations rep-
resent undefined degrees of freedom that have to be con-
strained, otherwise the alignment procedure has no unique
solution.

The most general linear transformations in three dimen-
sional space are described by twelve parameters:

e Three overall shifts D, D, D;
e Three scalings C,, Cy, D.;
e Three shearings S, .., Sy, Szy3

e Three rotations R, Ry, R.;

X
x

(a) (b)

(©) (d)

Figure 2: Example of undefined degrees of freedom that
leave the corresponding track 2 invariant. (a) A shift D,
of the whole detector. (b) Shearing S, of the detector ele-
ments, (c) Scaling C', along the z direction and (d) an over-
all rotation 2, of the detector. Figure taken from [5].

Eventually, the geometrical design of the detector al-
ready discards most of them out of context. But a few rel-
evant parameters are still to be constrained for the same
geomtery. Four such possible undefined degrees of free-
dom are illustrated in Fig. 2. The figure shows the xz view
(applies to the yz plane as well) of five detector elements.
The elements plotted in light grey define the nominal de-
tector positions and changed positions are given in black.
In our case, as we plan to apply misalignment in the X
and Y directions through translation, followed by a ~-
rotation, allied to the Z axis, overall translations AX and
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AY and overall y-rotation, A~y are kept to 0 with respect to
the global reference system. Additionally, two more con-
straints are applied by fixing the two target positions. Such
a collection of constraints makes it sure to avoid any weak
mode in the system and tests have been made to verify that
by analyzing the eigen spectrum of the alignment parame-
ters.

Realignment results

One toy misalignment scenario is proposed to test the
sensor alignment. All the sensors are randomly displaced
using a virtual method (i.e. instead of modifying the ge-
ometry, just modifying the hit position accordingly, dur-
ing the track reconstruction step) by taking o, = 50 pum,
oy = 50 um for the translations along the X and Y axes,
and o, = 100 prad for the rotation in the X-Y plane along
the Z axis, using a Gaussian distribution of mean 0 and Z
values are kept fixed throughout. The realignment results
are given below:
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Figure 3: X directional misalignment correction.

Conclusion

From the realignment graphs (Figs. 3, 4, 5), it is clear
that the result are within the desired limits: AX,,.,. < 5um,
AYerr < 10pm, Avepr < 20purad. Although, some kind of
micro patterns are visible on the graphs, but those are more
like the non-influential mathematical artifacts of the system
and are in well defined limits as mentioned above. So, this
report concludes the study of the alignment of the STS in
the linear regime and still there is a scope of improvement
for the track pattern recognition method involved. Further
multi-iterative based investigation can be made for the non-
linear sector if the misalignment values come out to be very
large during the mechanical mounting of the STS.
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Figure 4: Y directional misalignment correction.
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Z-Alignment of the STS Half Units Using Millepede 11

S. Das' and H. R. Schmidt'*
"Eberhard Karls Universitit, Tiibingen, Germany; 2GSI, Darmstadt, Germany

Abstract

Z coordinate sensitivity of any tracking detector in sta-
tionary target experiments is quite poor because of the for-
ward nature of the detector geometry. Therefore, the parti-
cle tracking can be challenging in order to obtain the real
decay lengths from the decay channels and we mostly have
to rely on Monte Carlo (or the ideal) Z values of the de-
tector modules. In other words, the lack of sensitivity of
the reconstructed tracks in beam direction implies that any
presence of misalignment in the Z-direction remains unno-
ticed. So, itis obvious that the Z-alignment is a must during
the alignment procedure of the STS!.

Sample preparation

As the tracking sensors detect the signal in the X-Y di-
rection only, because of their 2D-nature, we basically have
to solve the Z-alignment problem by entrusting the X-Y
residuals. Thus, selecting the right constraints is very cru-
cial. And the best option is to use two fixed target positions
for the particle production. Eventually, those two targets
give two legitimate constraints as per as the Z-position is
concerned. Additionally, fixing the overall Z movement of
all the half units to AZ = 0 with respect to the global ref-
erence system is enforced to avoid any weak mode.

—>

>

Figure 1: Two targets (T, T1) in 10 cm distance are used.

The STS geometry (version 16g) that we have used for
the simulation, consists of 18 half units. To fulfill the objec-
tive, 5 - 10* muon tracks are generated from the regular tar-
get (T at Z = 0 cm) and additionally, another target (T
at Z = —10 cm) is assigned (Fig. 2) upstream in 10 cm dis-
tance to T, to originate 5 - 10* more new tracks. Further
10% cosmic muons are used to avert any space symmetry
artifact that may appear from a single targeted tracks.

I'This work is supported by the grant BMBF-05P16VTEC].
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Realignment result

One toy misalignment scenario is proposed to test the Z-
alignment. All the half units are randomly displaced using
a virtual method (i.e. instead of modifying the geometry,
just modifying the hit position accordingly, during the track
reconstruction step), translating by o, = 100 pm along
the Z axis, using a Gaussian distribution of mean 0. After
following through the alignment algorithm using Millepde
II [1], the obtained realignment graph is given below:
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Figure 2: Z directional misalignment correction.

Conclusion

From the realignment graph Fig. 2 it is clear that the re-
sult is within satisfactory limit: AZ,,,, < 5um. And this
method can be performed on the other hierarchies as well.
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RICH summary

C. Hohne*'?, K.-H. Kampert®, C. Pauly®, and the CBM RICH working group

1 Justus Liebig Universitit Giessen, Germany; 2GSI, Darmstadt, Germany; 3Bergische Universitidt Wuppertal, Germany

The CBM RICH project has made substantial progress
in various fields in 2019 as will be presented in this CBM
Progress Report.

The greatest successes in 2019 in context with FAIR
phase 0 (HADES, mCBM) were certainly the successful
participation of the upgraded HADES RICH detector in
the 4 weeks beamtime of HADES in spring 2019 and the
successful construction, installation, and participation of a
mRICH detector (see Fig. 1) in all mCBM campaigns start-
ing in spring 2019. Both projects clearly validated the read-
out concept based on the DiRICH board combining very
good timing information from a FPGA TDC with moder-
ate amplitude information using ToT information. The full
readout of 428 MAPMTs, i.e. nearly 28 000 single readout
channels in HADES, was running very stably and at a high
performance. Timing precision achieved is better than 220
ps which allows efficient suppression of non-event corre-
lated noise. The ToT information proofed to be very valu-
able to reject signals resulting from crosstalk. Overall, ring
reconstruction efficiencies beyond 99% are achieved which
is a perfect basis for the challenging physics analysis of
low-mass vector meson pairs. The successful mRICH op-
eration has demonstrated that the intrinsically trigger-based
trbnet readout from HADES can be integrated into the free-
streaming DAQ concept of CBM. Time and spatial corre-
lations of mRICH rings with the other mCBM detectors
could quickly be identified. This first step is still based on
the AFCK hardware and gave many valuable lessons on
how to continue with porting the readout to the new CRI
hardware platform; the development that has already been
started.

Another important and well progressing aspect of the
RICH development is the mechanical concept of the mir-
ror wall as well as the conceptual design of a shielding
box and the mechanical integration of the RICH camera
into the overall detector setup. A prototype of the mirror
wall has been built and 6 mirror prototypes were installed,
aligned, and surveyed. Stability tests of an alternative pil-
lar solution fabricated from carbon fibre are ongoing. The
remaining mirror prototypes from the batch delivered from
JLO Olomouc are used for lab tests with respect to reflec-
tivity of different coatings as well as to global and local
mirror distortions with respect to mirror mounts glued to
the backside. QA routines to control the mirror production
are being set up.

The operation of the HADES RICH detector also was
teaching a lesson concerning cooling. Based on this expe-

* claudia.hoehne @physik.uni-giessen.de
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Figure 1: mRICH detector in mCBM,; inside (left) with 2
aerogels and 36 MAPMTs and from outside (right) with all
readout cards plugged in.

rience, a full concept has been developed which is currently
being tested in a specific prototype comprising one readout
column operated in an insulated box. The current idea on
cooling is already integrated in a mechanical concept of the
RICH camera box that could smoothly be integrated into
the overall RICH detector. An important aspect here is the
size and design of a shielding box. Also this critical issue
has seen great progress last year which resulted in a concept
that seems to provide the necessary reduction of the stray
field. Calculations to crosscheck the results are ongoing.
In addition, the tests on MAPMT efficiency with respect
to B-fields have been redone with the H12700 MAPMTs
- so far the limits were still based on measurements with
the former H8500 model. It seems limits can be somewhat
released which eases the construction of the shielding box.
In addition the RICH geometry has been changed to a set
with 12° mirror tilt yielding to more space between RICH
box and field clamps. With all these key ingredients, a full
mechanical design of the RICH box with all details is ex-
pected to be finished in 2020.
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CBM RICH mirror supporting frame prototype testing

D. Ivanishchev', C. Hohne?, A. Khanzadeev', N. Mifstahov', C. Pauly?, E. Rostchin', Yu. Ryabov', V.
Samsonov', O. Tarasenkova', D. Tyts], and A. Firsov'

INRC ”Kurchatov Institute” - PNPI, Gatchina, Russia; 2Justus Liebig University, Giessen, Germany; 3Bergische
Universitat Wuppertal, Germany

Intensive testing of the lightweight aluminum full-scale
prototype of the mirror supporting frame for the CBM
RICH detector created earlier [1] was continued. This year,
the proposed procedures for mirror tiles gluing, their instal-
lation in the supporting frame and the stability of the com-
plete mirror system were tested. For this, as a first step,
four complete sets of small frames and mounts for gluing
[2] and focusing the mirror tiles were produced, assembled
and tested (Fig. 1).

Figure 1: Four complete sets of small frames and mounts
(left). Design drawing of a small frame and mounts (right).

Then, a special setup for gluing mirror tiles was designed
and assembled (Fig. 2). Initially, flat mirror tiles were used
to verify the procedure (Fig.2a). Two small frames with
two flat tiles each were glued and successfully installed in
the prototype support frame. A special laser system was
assembled to test the stability of the mirror system.

Figure 2: The gluing setup used for flat mirror tiles (two
photos at the top), and the upgraded gluing setup used for
spherical tiles (two photos at the bottom).

The laser was installed in the center of symmetry of the
mirror system, three meters from the mirror surface. The
laser light beam was reflected from the mirror tile and pro-
jected on a special screen. The center of the light spot po-
sition on the screen was measured every 10 minutes using
a software system based on Labview. The results of such
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three months measurements are shown in Fig. 3c. Devia-
tions of the center of the light spot were less than one mil-
limeter at a maximum allowance of six millimeters. This
corresponds to an angle of 0.33 mrad which is mainly re-
lated to temperature changes. The results indicate that the
proposed design meets the requirements. At the next stage,
we tested the gluing procedure for spherical mirror tiles
which were similar to those that will be used in the real
detector. Based on the previous experience, the design of
the gluing setup was changed (Fig. 2b) to simplify the ini-
tial setup procedure. Three pairs of spherical mirror tiles
were glued and installed in the prototype supporting frame
(Fig. 3a).

—— X1_cs |——X3_cs
——Y1_cs |—Y3_cs

. Temp. °C
TT(TIC)A -1T)
A—

Coorainate, mm

Figure 3: a) Prototype of the mirror supporting frame with
six mounted spherical mirror tiles. b) Example of the light
spot from the laser on the screen and a program interface
for determining the center of a spot. c¢) Results of three
months of measurements for flat mirror tiles (c): green dots
- temperature, (X1,Y1) and (X3,Y3) - coordinates of the
centers of the light spot on the screen from two mirror tiles.

We plan to glue another pair of mirror tiles after addi-
tional upgrade of the gluing setup. A special defocusing
nozzle for the laser will be used to illuminate all the mir-
ror tiles at the same time. Using the mount system, we
can setup each mirror tile to obtain a separate spot on the
screen and take measurements for all tiles simultaneously
(Fig. 3c).

Thus, we are ready to test a complete set of components
intended for use in the real detector. Tests will be started
shortly.
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Stability measurements of a carbon fiber pillar prototype under load

J. Bendarouach*!, Y. Ryabovz, and C. Héhne'?
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To ensure mechanical stability of the RICH mirrors and
to optimize the material budget of the detector, the mirror
supporting structure as shown in [1] was proposed and de-
signed. A key component of this structure is the pillars, car-
rying two rows of mirrors, which are fixed via small frames
allowing for mirror rotations. A first prototype consisting
of two pillars made of aluminium was successfully devel-
oped [2] and the stability of a single test pillar under load
was investigated [3].

To further improve the material budget of the detector,
half a pillar made of carbon fiber was produced and is cur-
rently undergoing similar load tests. Figure l1a shows the
measurement set-up. A supporting structure (partially seen
in silver) was designed to support the carbon fiber pillar (in
black) with minimal constraints.

(b)

Figure 1: Left: Test set-up for the stability measurement
of the pillar and dial indicator numbering scheme. Right:
Dial indicators 1 and 2 fixed on the upper arm.

Four weights (the golden cylinders on Figure la) were
attached on each side of two arms of the pillar to reproduce
the load constraints applied by the mirrors. Each weight is
4.5 kg, which corresponds to about 150% of the nominal
load [3].

Four dial indicators were attached on the pillar and used
to measure deformations with the increased load. They
were given numbers as illustrad in Figure la. Two indi-
cators were attached on the trunk of the pillar (2 and 4) and
one on each arm (1 and 3). Figure 1b shows a closer view
of dials 1 and 2. This configuration and the measurement
method were chosen as they were the most similar to [3].

A first deformation measurement was conducted before
and after loading the pillar with the weights. The measured

* jordan.bendarouach@exp2.physik.uni-giessen.de
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deformations read on all four indicators are summarized
in Table 1. The observed displacements are in agreement
with the deformations observed during the loading of the
aluminum prototype pillars [3].

Dial 1 Dial 2 Dial 3 Dial 4
Preload 5.58 1.74 0.88 3.61
Afterload | 5.83 1.53 0.99 3.15

Table 1: Pillar deformations (in mm) before and after load-
ing.

The deformations of the pillar under load were moni-
tored over a total period of seven months. The measure-
ments are summarized in Figure 2. The evolution of the
displacements of the carbon fiber pillar are also in agree-
ment with the tests conducted for the aluminum prototype.

Two measurements per week were conducted during the
first two weeks. After that a measurement was taken ev-
ery week until measurement number 8. Measurements 9,
10 and 11 were read with a spacing of about one month,
starting four months after measurement 8.

The displacements range between +10 and -40 pm un-
til measurement 8. The maximal deformations were ob-
served on the Dials 1 and 3, which are located below the
two arms, indicating a higher pressure on the arms applied
by the weights. The jump between measurements 8 and 9
is due to the fact that the whole setup had to be moved in
the laboratory. However the values remain constant again
from then on.

Deformations of the carbon fiber pillar under load
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Figure 2: Evolution of the carbon fiber pillar deformations
under load.
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Magnetic field simulation, construction and cooling of the CBM RICH camera

*
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The photon detection system of the CBM RICH detec-
tor consists of two separate camera boxes, carrying the
H12700 Multianode Photomultipliers from Hamamatsu, as
well as all frontend readout modules. The MAPMTs are or-
ganized on backplanes, each backplane consisting of 3 x 2
MAPMTSs on one side, and 12 DiRICH frontend modules
plus power- and combiner module on the backside. Each
camera box is surrounded by an iron shielding box in or-
der to shield the MAPMTs from the magnetic stray field
of the CBM dipole magnet by guiding the magnetic field
lines around the MAPMT array. Significant progress has
been made over the last few months towards a complete
mechanical camera- and shielding box design, including
a better defined interface towards the gas radiator box, a
well defined interface between photon camera and shield-
ing box, and an improved shielding of the magnetic stray
field from the dipole magnet at the place of the photon de-
tection plane.

Magnetic field simulations

The work on optimizing the shielding box design using
Finite Element Methods (FEM) magnetic field simulations
of magnet and shielding box has been continued, see also
[1, 2]. The task of this shielding box is to reduce the stray
field of the CBM dipole magnet in the region of the photon
detection plane to values below 3-4 mT. The maximum tol-
erable field has been increased slightly based on new mea-
surements of the H12700 MAPMT efficiency in magnetic
fields (see [3]).

Many different iron shielding box versions with different
geometries were generated and simulated using the COM-
SOL Multiphysics software package in order to identify
the geometric parameters which play the most important
role for the shielding performance. The largest influence
is given by the thickness of the bottom plate of the shield-
ing box and the height and width of the “wing”, which is
an integral part of the shielding box located underneath the
bottom plate. This “wing” consists of massive iron and
its shape is constrained by the requirement to not cut into
the angular acceptance of particles produced in the target.
Another important parameter is a maximum clearance be-
tween the shielding box bottom wall and the MAPMT sen-
sors. The maximum distance is limited by the keep-out
volumes reflecting the particle- and optical acceptance re-
gions. Fixing the main mirror tilt angle to 12° allowed for

*Work supported by GSI and BMBF contracts No. 05P19PXFCA and
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some additional space in this region compared to earlier de-
sign iterations (still based on a 10° geometry). In addition,
it turns out to be beneficial to leave a gap in the center part
of the shielding box back wall, so that it can be manufac-
tured out of non-iron material. Other parameters have only
minor effects to the magnetic field. Based on detailed in-
vestigations of the interaction of the individual parameters,
a geometry could be identified (as shown in Figure 1) that
currently offers the best solution and is now considered to
be close-to-final.

Figure 1: Latest design of the shielding box; the left side
is shown slightly transparently in order to make the back-
and bottom part visible.

The previous ANSYS simulation results of the old
shielding box V1 geometry could be successfully repro-
duced using COMSOL. This geometry was then used as a
reference model for all further simulations. Figure 2 shows
a direct comparison of these simulation results (only the
right half of the camera is shown). According to these sim-
ulations the B, component, which is parallel to the beam
axis, plays a critical role and contributes significantly to the
total field Biota;. The improved shielding box design re-
duces the magnetic stray field in particular in the previous
“hot spot” region in the inner, middle part of the detection
area, where the largest ring- and track density is expected.
Together with the improved magnetic field insensitivity of
the H12700 MAPMT, the shielding is expected to allow re-
liable operation of the MAPMTs, provided the stray field
of the dipole magnet turns out as expected.
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Old shielding box V1results New shielding box V2 results

S /

_ 28 Btotal

Figure 2: Comparison of magnetic field simulation results
performed with COMSOL for previous (left) and latest
(right) design of the shielding box. Field values given in
mT. B, is the field component parallel to the horizontal
axis.

Mechanical design

The mechanical design of the shielding box is shown in
Figure 1. It consists of relatively thin side top and bottom
elements with a thickness of 10 mm and four back wall ele-
ments on each side with a thickness of 20 mm. The “wing”
structure at the bottom is an integral part with dimensions
of 103 mm in height and 100 mm in depth. The center
part of the "wing” is chamfered matching the previously
described keep-out volumes. The back wall of the shield-
ing box is now flat, allowing for an easier integration into
the radiator vessel, and also providing extra space for the
camera box and its internal components.

Figure 3: Camera box with flange interface (blue), and
seven aluminum segments forming the curved front face
carrying the PMT- and readout modules (grey).
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The camera box (see Figure 3) will be constructed as
an independent assembly part resting inside the heavy iron
shielding box and being held in position by a surrounding
flange. This simplify both the independent construction
and testing of the camera box, as well as its installation
into the pre-assembled RICH vessel. The precise curva-
ture radius (R = 1650 mm) of the segmented front face
is ensured by the upper- and lower walls, resulting in a
cylindrical photocathode plane of radius R = 1699 mm,
in good agreement with the simulation-based geometry op-

‘7 timization (see [5] for details). The front face will be made

of individual aluminium elements (“columns”), joined to-
gether in a cylindrical shape, screwed and glued in order to
be gas- and light tight. These aluminium columns carry the

- 3 x 2 MAPMT readout modules. To reduce the weight and
 to keep the effect of the magnetic field low, the camera box

will be made of aluminium. The estimated weight of one
complete camera is about 1000 kg, which includes all the
components starting with the shielding box, camera box,
MAPMTs and readout modules.

Cooling concept

The total heat dissipation per camera is up to 3 kW: about
100 W from the ~ 500 MAPMT active voltage dividers
and around 2.5 kW from the MAPMT readout electronics.
Each camera system is a self-contained volume enclosed
by the shielding box. Active cooling of the readout elec-
tronics is therefore a critical issue. Because of the strong
temperature dependence of the MAPMT dark rate and in-
stabilities occurring at higher temperatures (see [4]), par-
ticular care has to be taken to keep the temperature of the
MAPMTs below about 30 °C . The MAPMTs are in good
thermal contact to the individual module backplanes, and
as such also to the electronic front-end modules, which are
the main heat source. Thus, active cooling of the electron-
ics and in particular of the backplane PCB, is a key issue.
A sophisticated air cooling system has been designed, in
which compressed cold air (50 - 100 mbar) is distributed
via interconnected 3d-printed plastic masks (see Figure 5),
situated between backplane and electronic modules. The
masks serve at the same time as mechanical fixation for the
individual front-end cards. The cold air-flow is directed to-
wards the backplane-PCB to provide maximum cooling of
the backplane and the MAPMTs which are mounted on the
opposite site of the PCB. The air-flow then passes the in-
dividual electronic modules, providing cooling also to the
electronics, before it flows out of the camera box. The cool-
ing is designed as semi closed loop comprising a blower
and a water-cooled heat exchanger located outside the cam-
era box.

This approach has been tested using a single readout
module with up to 12 DiRICH front-end cards attached.
The concept of mechanical fixation of the electronic read-
out cards using similar 3d-printed masks was success-
fully implemented in the HADES detector upgrade, though
without the additional air-cooling and distribution func-
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tionality. For a more realistic test, a larger prototype is
being setup now, consisting of a full “column” with 7
MAPMT backplanes and 84 DiRICH modules (see Fig-
ure 4). The prototype is enclosed by a thermally insu-
lated box made of conventional XPS plates, preventing any
heat exchange via convection to the outside, similar to the
closed camera boxes, where the compressed air is the only
coolant. Using this prototype we hope to obtain realistic
and reliable results on the cooling performance of this con-
cept.

Figure 4: Cooling system prototype with seven 3 x 2
MAPMT readout modules

In addition to air cooling, we started to investigate ad-
ditional water cooling of the aluminium elements carry-
ing the backplane modules (see [7] for some more details).
The backplane PCBs have a gold-coated top layer, enabling
good thermal contact between aluminium and PCB. The
water cooling of the aluminium frame alone would be in-
sufficient for the total heat load of 3 kW. However, used
in combination with the air cooling it could help to further
decrease the backplane- and thus sensor temperature, al-
lowing higher operating temperature (and thus less cooling
effort) of the readout electronics which can be operated at
temperatures of 50 - 60 °C. According to current ideas, the
water cooling would be realised by pressing two vertical
aluminium water pipes on the outer edges of each of the
aluminium modules (as shown in Figure 4).

Obviously, combining two cooling methods would in-
crease the complexity of the system. On the other hand, it
would provide redundancy in operation and would reduce
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Figure 5: 3d-printed ABS plastic mask for direct backplane
and indirect readout electronics air cooling (left to right;
top, side and bottom view)

the demands of the air cooling. Moreover, the efficiency
of air cooling increases with increasing temperature of the
cooled object, here the readout electronics.

Extensive tests based on a prototype model of realis-
tic scale are the next important step towards finalizing the
cooling concept.
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H12700 MAPMT efficiency dependence on B-field and incident angle *
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The two CBM RICH photon detection cameras will
placed in the vicinity of the CBM dipole magnet, where
magnetic stray fields in the order of tens of mT are ex-
pected. Shielding boxes made of iron will be used to re-
duce the stray field to tolerable values of 1-2 mT in order
not to spoil the single photon detection efficiency of the
Hamamatsu H12700 MAPMT photon sensors. The design,
and in particular the weight of the shielding boxes strongly
depends on the maximum tolerable field at the position of
the MAPMTs. So far, we assumed a maximum tolerable
field of 1-2 mT, based on old measurements on the H8500
MAPMTs [1], a predecessor of the now used H12700 [2].
This very low value puts strong demands on the perfor-
mance of the shielding box and motivated new measure-
ments of the magnetic field effect of the new sensor.
Another factor which might reduce the sensor detection
efficiency is the incident angle of photons hitting the
MAPMT. In the geometry of the CBM-RICH, this angle
can get rather large, up to ~ 45°.
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Figure 1: Number of detected photon pulses (for 50k gen-
erated pulses) as function of threshold. Below ~ 1 mV an
increasing contribution from noise is evident, above 1 mV
in the plateau region the detection efficiency is only slowly
decreasing with increasing threshold.

Using a dedicated laboratory setup, we have studied
the dependence of single photon detection efficiency of
H12700 MAPMTs on magnetic fields and as function of
incident angle with respect to the PMT window.

The setup consisted of a laser pulse generator, producing
regular light pulses guided to the MAPMT under test using
a light fibre. The light intensity was damped such that on
average a single photon was detected by the MAPMT in
every 10th laser pulse. The MAPMT was connected to a

*Work supported by BMBF contract No. 05P19PXFCA
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digital oscilloscope that was triggered by the laser pulser to
record the PMT response signal trace for each laser pulse
for up to 3 pixels simultaneously. Each readout channel
was connected either to individual MAPMT pixel outputs,
or to the MAPMT dynode sum signal. All unused MAPMT
pixel outputs were terminated with 50 2. Analysis of the
recorded traces is done offline. A signal pulse above a cer-
tain threshold (in a fixed time window relative to the laser
trigger signal) is counted as detected photon. The relative
photon detection efficiency is then derived as the number of
detected photons in relation to the total number of recorded
laser pulses. The signal threshold was carefully chosen (of-
fline in the trace analysis) based on Figure 1, showing the
fraction of detected photons as function of threshold. For
thresholds > 1 mV, a plateau is reached with only little de-
pencence on the precise threshold value.

Efficiency dependence on magnetic field

In order to measure the efficiency variation on mag-
netic field strength, the MAPMT was placed into a large
Helmholtz coil with the field direction along the PMT axis
(z-axis). The magnetic field was calibrated beforehand by a
Hall probe placed at the location of the photo cathode. The
variation of the MAPMT single photon efficiency was then
studied as function of the field strength. A black plastic
mask in front of the MAPMT window was used to illumi-
nate only the pixels of interest.

The largest effect due to magnetic field is observed in
the outer edge- and corner pixels of the MAPMTs. Fig-
ure 2 summarises the results for 7 individual pixels and for
fields up to £8 mT (pixels are counted line wise starting
with pixel 1 in the upper corner). All measurements are
normalised to 100 % at zero field value.

We also tested the illumination of a single pixel only, and
compared the readout of this single pixel with the readout
of the dynode sum signal, as shown in Figure 3. Very sim-
ilar efficiency behaviour is observed, suggesting that the
loss in efficiency is not caused by a simple deflection of
photo electrons towards neighbouring dynode channels. As
a result, we find that the H12700 MAPMT shows a sig-
nificantly higher field tolerance as compared to the H8500
MAPMT measured previously. In the inner pixel, hardly
any effect is seen for the maximum applied field values.

Efficiency dependence on incident angle

In order to measure the angular dependence of the pho-
ton detection efficiency, a special PMT holder was con-
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Figure 2: Single photon detection efficiency degradation
of Hamamatsu H12700 MAPMT as function of magnetic
field in z-direction (perpendicular to PMT window) for 3
corner pixels (top) and 4 outer edge pixels (bottom).

structed as sketched in Figure 4. Single photons from the
the same light fiber as before were now projected onto a
slit image of 3 mm width covering one of the middle rows
of the MAPMT pixels. The MAPMT was then rotated in
this holder along a rotation axis in line with the MAPMT
window, such that the position of the illuminated slit stayed
rather fixed on the PMT window. By rotating the MAPMT,
incident angles from -80° to +80° could be realised, and
for each given angle the fraction of detected photons (de-
termined based on the dynode sum signal) is compared to
perpendicular incidence. Results of this measurement are
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—
—
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B 6 B 2 E]
magnetic field [mT]

Figure 3: Efficiency variation of corner pixel 64 (all other
pixel were masked) as function of magnetic field if the pixel
is read out directly (magenta), and if the MAPMT sum sig-
nal is evaluated instead (orange).
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Figure 4: Sketch of the 3d-printed MAPMT holder, allow-
ing for a rotation of the MAPMT with respect to the light
source by +/- 80°.
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Figure 5: Relative variation of single photon detection ef-
ficiency with respect to the incident angle in the range of
+/- 80° together with the theoretical expectation from pure
Fresnel reflection on the glass surface (solid line).

shown in Figure 5, together with a theoretical expectation
based on pure Fresnel reflection on the PMT glass window
normalised to the data points, and averaging the horizontal
and vertical polarisation components. For incident angles
up to 70°, the detection efficiency is rather flat, in good
agreement with the pure Fresnel reflection. More details
on the incident angle measurements can be found in [3].
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RICH geometry optimization
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The current RICH geometry (v17a) was designed in
2017. It was optimized with respect to the electron iden-
tification and pion suppression [1]. However, one of the
design issues is still open — the final design of the shielding
box which protects the MAPMTs from the magnetic stray
field. Our simulations showed that depending on the design
the shielding box can significantly increase the number of
background rings, mainly due to « conversions. This in
turn leads to a degradation of the RICH electron identifi-
cation performance. The other problem is a possible shad-
owing of photons by the shielding box which reduces the
geometrical acceptance in the inner part of the PMT plane.
With these additional requirements one needs to optimize
the RICH geometry again. One of the ideas is to move the
PMT plane out of the magnetic field by rotating the mirror
up to 15° (see Figure 1). This allows to reduce the ma-
terial of the shielding box and gains more space between
the RICH box and the magnet which helps to simplify the
detector installation and maintenance.

In the optimization studies 3 mirror rotation angles were
considered: 10° (same as v17a), 12°, 15°. For simplicity,
let’s tag these geometries as m 10, m12, m15, respectively.
The first simulation results showed that the RICH perfor-
mance doesn’t depend on the PMT plane radius thus all
further simulations were performed with a fixed radius of
1697 mm. The following RICH geometry parameters were
optimized (values are presented relative to the nominal po-
sition): PMT plane rotation angle [°]: 0, 3, 6, 9, 12, 15,
18, 21; PMT plane Y(Z) shift [mm]: -100, -75, -50, -25,
0, 25, 50, 75, 100. Combining all parameters one gets 648
geometries per one mirror rotation. Later in the text we
refer to "PMT plane shiftY(Z)” as shiftY and shiftZ, re-
spectively.

Figure 1: RICH geometries in the simulation with different
mirror rotation angles: 10° (left) and 15° (right).

Each geometry was tested in several simulations: 1) Ge-
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ometry test with one e~ and one e™ from the primary ver-
tex (30k events). The main parameters to look at were:
geometrical acceptance, B/A, dR, radius, number of hits
in ring. 2) Geometrical acceptance with w-meson from
Pluto at 3.5 and 8 GeV (1k events). 3) RICH background
test with UrQMD Au-Au central collision at 8 AGeV (1k
events). The main parameters to look at were: number
of hits per event, number of et from ~ conversion per
event. 4) Reconstruction performance test with 15 e~ and
15 e™ per event from the primary vertex. The ring recon-
struction efficiency approximately corresponds to UrQMD
Au-Au central collision at 12 AGeV but statistics is much
higher (5k events). 5) Reconstruction performance test
with UrQMD Au-Au central collision at 8 AGeV includ-
ing 5 ¢~ and 5 e* from the primary vertex (1k events).
The main parameters to look at were: ring reconstruction
and STS-RICH matching efficiencies, electron identifica-
tion efficiency and pion suppression.
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Figure 2: Ring reconstruction results for all tested m12 ge-
ometries. UrQMD Au-Au central collisions at 8 AGeV.

The results of the geometry comparisons are presented as
1D and 2D histograms. The 1D histogram shows integrated
values of one of the tested parameters for each geometry.
Each color represents a different PMT rotation angle. The
vertical green lines correspond to 9 shiftY geometries.
Between each two green lines shiftY is the same and in-
cludes 9 different shiftZ. In total, the X axis consists
of 81 (9 shiftY x 9 shiftZ) values. Figure 2 shows an
example of the 1D histogram for the ring reconstruction
efficiency. The 2D histogram shows integrated values of
the tested parameter for geometries with a fixed PMT rota-
tion angle in dependence on shi ftY and shiftZ. Figure 3
shows the comparison of the ring reconstruction efficiency
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Figure 3: Ring reconstruction efficiencies for m10 (left), m12 (middle) and m15 (right) geometries. PMT plane rotation
angle equals to 15°. UrQMD Au-Au central collisions at 8 AGeV.

for m10, m12 and m15 geometries as 2D histograms. The
PMT plane rotation angle equals to 15°.

After detailed analysis and comparison of the obtained
results and taking into account the RICH performance,
magnetic field and technical issues, one reference geom-
etry for each mirror rotation was selected which shows the
best performance comparing to all tested ones. It turned
out that the parameters for the reference geometries are
the same for all mirror rotations. The parameters are the
following: PMT plane rotation — 15°, shiftY — +25 mm,
shiftZ —+50 mm. In Figure 2, the value for the reference
geometry is shown with the horizontal line. In Figure 3
the reference geometries are marked with the black boxes.
As an example of obtained results, the electron identifica-
tion efficiency and pion suppression for the m12 reference
geometry is shown in Figure 4.
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Figure 4: Electron identification efficiency and pion sup-
pression for the m12 reference geometry. UrQMD Au-Au
central collisions at 8 AGeV.

The comparison summary of the reference geometries
for 3 mirror rotation angles is presented in Table 1. The
results of m10 and m12 geometries look very similar. The
difference in the reconstruction performance is 0.2-0.7%.
For the m15 geometry the difference in the results is more
pronounced, i.e. 2-3%. The RICH geometry with 12° mir-
ror rotation angle is thus a good compromise between per-
formance, magnetic field and technical issues and is thus
the current proposal.
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Table 1: The comparison summary of the reference geome-
tries for 3 mirror rotation angles. Integrated numbers for
reconstruction are presented for the momentum range 0 —
6 GeV/c.

m10 | m12 m15
Geometry acc. with box generator [%]

91.0 | 90.7 | 90.1
Geometry acc. Pluto w at 3.5 GeV [%]

49.2 | 48.6 | 47.2
Geometry acc. Pluto w at 8 GeV [%]

55.3 | 54.4 | 54.0

B/A
0.94 | 0.93 0.92
dR.RMS [cm]

0.294 | 0.317 | 0.363
Radius Mean/RMS [cm]
4.92/0.286 | 4.97/0.322 | 5.07/0.384
Number of hits per electron ring
29.26 | 29.48 29.9
UrQMD Au-Au central at 8 AGeV
Ring reconstruction efficiency [%]
96.2 | 95.7 | 94.4
STS-RICH matching efficiency [%]
90.6 | 90.2 88.0
Electron identification efficiency in RICH [%]
87.6 | 86.9 | 84.6
Pion suppression in RICH
288 | 257 | 272
References
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CBM RICH mirrors are characterized by their reflectiv-
ity, their surface homogeneity (global and local) and their
radius of curvature. To measure global homogeneity and
the radius, an experimental setup had been designed, which
aims at the measurement of the so-called Dy value [1]. The
setup is illustrated in Figure 1. A point-like laser source
(b) is placed next to the nominal center of curvature of the
mirror to be inspected. Its light is reflected by the mir-
ror placed in a dedicated holder (a) into a CCD camera (c)
placed next to the laser source. The laser-camera system
is mounted on a stepper motor to determine precisely the
distance laser/camera to mirror.

Center of
curvature plane

Stepper
4 motar
|

Image of paint source
|
|
i

Figure 1: Experimental setup to determine the radius of
curvature of the mirrors and the minimal Dy value. Figure
taken from [1].

For a given image, the Dy measurement is defined as
the diameter of the circle, which contains 95% of the total
light intensity in the image. This technique was used to
characterize the twelve newly produced prototype mirrors
from JLO Olomouc.

(b)

(a)

Figure 2: Light spots viewed on the CCD camera. The
mirror used here is labeled ‘D019’. Left: Distance
laser/camera to mirror of 3 m. Right: Distance of 3.007
m. Here Dy is minimal.

The principle is the following. For a given mirror several
Dy values are measured with a varying laser/camera-mirror
distance. The position for which the minimal D is found
corresponds to the mirror radius of curvature.

* jordan.bendarouach@exp2.physik.uni-giessen.de
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Figure 2 illustrates two pictures taken for the mirror la-
beled ‘D 019°. Figure 2a was taken at a distance of 3 m,
corresponding to the nominal mirror radius of curvature.
For this mirror, Figure 2b exhibited a minimal Dy . Here
the distance laser/camera-mirror amounts to 3.007 m. The
camera used to obtain these results is an ‘iKon-M 934 from
ANDOR Technology. The laser source had a wavelength of
650 nm.
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Figure 3: Evolution of Dy with respect to the distance
laser/camera-mirror for the mirror labeled ‘D019’ (left) and
‘D014’ (right). The x-axis starts at the nominal mirror ra-
dius of curvature of 3 m. The given D, values correspond
to the minimal found at 7 and 11 mm.

Figure 3 shows the complete evolution of Dy for the mir-
rors labeled ‘D019’ and ‘D014’. One clearly sees a mini-
mum reached for a distance of about 3.007 and 3.011 m,
respectively. Dy values depend on the threshold set on the
figures and typically range between 0.5 and 2 mm.

This measurement was carried out on all mirrors deliv-
ered and the results are shown in Table 1. Overall the
radii of curvature are slightly larger than the required 3 m.
They fluctuate between +0.23% and +1.03% of the required
value.

Mirror Radius Mirror Radius Mirror Radius
D014_.T4 | 3.022 || DO19_.T2 | 3.007 | D024_T3 | 3.021
DO16_T1 | 3.031 || D020_T1 | 3.013 | D025_T1 | 3.015
D017_.T2 | 3.024 || D022_T3 | 3.016 | D026_T2 | 3.014
DOI18_T1 | 3.022 || D023_T1 | 3.011 | D032_T1 | 3.023

Table 1: List of mirrors received from JLO Olomouc and
their measured radius. For more details on the different
mirror types, refer to [2].
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Development of a Ronchi test setup for the RICH mirrors*

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

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

A setup for Ronchi tests had been developed to deter-
mine the geometrical shape of the CBM RICH mirrors. The
Ronchi test gives the local deviation of the curvature of a
spherical mirror surface from an ideal sphere. The principle
is quite simple: Light, that is emitted from a point source,
is reflected by the mirror and passing a grid (a.k.a. Ronchi
ruling), before it is detected by a camera. The setup is ar-

¥ Spot image
Ronchi ruling

Point source

Figure 1: Setup principle of the Ronchi test [1].

ranged such that the point source is placed approximately
in the center of curvature of the mirror, while the grid and
the camera are located slightly behind or in front of the
center of curvature (see Fig. 1). If the mirror surface is per-
fectly spherical, the grid lines, that are projected onto the
sensor, will appear as straight as the lines of the grid. If it
deviates from an ideal sphere, the lines will be somewhat
distorted (see Fig. 2). Depending on whether the grid is
placed behind or in front of the center of curvature and de-
pending on whether the surface is deeper or shallower than
an ideal sphere, the grid lines can be bowed outwards or
inwards. Due to the fact that the test is sensitive only for

Figure 2: Image of projected grid lines from a CBM RICH
prototype mirror.

*work supported by BMBF 05P19RGFCA
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changes of the radius perpendicular to the grid lines, two
images with different orientations of the grid (rotated by
90°) have to be acquired.

Qualitative statements on the accuracy of the sphere can be
made just by observing the course of the projected lines. A
calculation procedure had been developed to enable quan-
titative determination of the deviation, based on the distor-
tion of the lines.

In Fig. 3 an analysis of a CBM-RICH test mirror is seen.
Pursuant to this evaluation the curve of the tested surface is
slightly deeper than that of an ideal sphere, up to 3 mm at
the centers of the edges. As seen in Fig. 2, the bands of the
grid are bowed slightly outwards. According to literature,
if the ruling is placed outside the center of curvature (as
it is in this setup), outwards bowed lines indicate that the
surface curvature is shallower than a sphere [2]. So further
investigation have to be made to see if an error exists in the
calculations or distance measurements or elsewhere. [3]

index Y

deviation [um]

index X

Figure 3: Quantitative evalutaion of deviations of the test
mirror from an ideal sphere.
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Time over Threshold (ToT) cuts for optimising the signal information of
MAPMT signals*

V. Patel, C. Pauly', J. Fortsch', and K.-H. Kampert'
' Department of Physics, University of Wuppertal

Protoypes of the CBM RICH front-end electronics were
tested at the COSY test beam in autumn 2017 as final qual-
ification before the start of mass production of components
for the HADES RICH detector upgrade. Data taken with
a proximity focusing test setup were analysed with respect
to: Implementation of Time over Threshold (ToT) cuts, pho-
ton detection efficiency, timing precision, ring reconstruc-
tion, development of suitable calibration techniques, and
verification of previous results obtained with the HADES
RICH test box setup. In this article we focus on ring re-
construction parameters and timing precision / calibration,
other topics have already been presented in previous re-
ports [1, 2]

Ring Parameters

After initial tests of the reconstruction and calibration
procedures the ring fitting algorithm was added to the anal-
ysis code, which is based on the Go4 framework. The
implemented algorithm initially takes into account all hits
within one event. Triggering of events was based on a coin-
cidence requirement of hits in both layers of a scintillating
fibre hodoscope located in front of the setup (see [1] for
details of the setup). For each hit, the leading- and trail-
ing edge times relative to the event trigger are stored. A
geometry file linking the individual readout channel num-
ber to the X-Y position on the detection plane is imple-
mented in the analysis. Usually one Cherenkov ring is de-
tected per event (for each proton of the incident beam), with
Cherenkov photons covering the 6 center MAPMTs of the
detector plane. Quality of the ring reconstruction can be
judged by the following observables or the width of their
corresponding distributions:

e ring center position: The dimensions of the 3 x 4
MAPMT detection plane are approx. 15 x 25 cm? in-
cluding a 5 cm gap in the center for the beam pass-
ing through. The reconstructed Cherenkov ring is ex-
pected in the center of this plane, at x=7.5 cm and
y=12.5 cm.

ring radius: The radius of the ring is about 6 cm ac-
cording to a full Monte Carlo simulation of the setup.

dR of the ring: Reconstructed Cherenkov photons
will be scattered around the ideal, circular ring shape.
The RMS value of the distribution of all individual
distances of hits towards their corresponding ring is

*Work supported by GSI and BMBF contracts No. 05P15PXFCA,
05P19PXFCA
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Figure 1: Go4 single event display showing the result of the
ring finder / fitter, without (left) and with (right) additional
ToT-cut for a signal threshold of 30 mV.

termed dR. A narrow distribution of all individual dis-
tances, and thus a small dR value, points to a sharp
ring image, and thus improves the ring finding effi-
ciency of the ring finder. Extra hits in the form of
noise can spoil this dR value, as shown in Figure 1
and numbers given in Table 1

Parameters | X Y R dR Nr. hits
cm | cm | cm | sigma

no ToT cut 8.8 13.7 | 6.48 | 1.02 23

with ToT cut | 7.43 | 13.3 | 5.66 | 0.81 18

Table 1: Effect of ToT cuts on ring parameters for a thresh-
old of 30 mV. All geometrical parameters are in cm.

Timing precision

The main focus in the development of the DiRICH read-
out chain was on achieving precise leading- and trailing
edge signal timing. On the DiRICH front-end board, the
timing is measured by an onboard FPGA [5]. A main moti-
vation for the test beam was to evaluate the performance of
the DiRICH readout chain under realistic beam conditions.
Initial tests of the analogue amplification- and signal shap-
ing part of the readout chain in a test setup at GSI already
showed promising results. A timing precision of 400 ps
was measured using an oscilloscope replacing the FPGA
TDC, which was not yet available at the time of these ini-
tial tests. The full TDC firmware became available only
just in time for the COSY beam test.

Time offset calibration and timing precision were ob-
tained applying the following iterative calibration proce-
dure:
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1. For each channel, an individual Time-over-Threshold
(ToT) cut is applied on all hits to suppress noise and
cross-talk between pixels.

2. For each event, the ring finder finds the ring with all
its corresponding hits. The average leading-edge time
of all hits belonging to the ring is calculated.

3. This average ring time is subtracted from the individ-
ual hits in the ring, and the resulting offsets are his-
togrammed for each individual channel over the full
data set.

The width of these offset distributions is a measure of
the channel-individual timing precision.

4. After analysing the full data set, the individual mean
channel offsets are derived and stored in a data file.
These (accumulated) values are used as channel off-
sets in the next iteration, thus improving the precision
of the calculated mean time for each ring.

5. Step 4 is repeated for five iterations until no further
improvement in sigma is observed.
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Figure 2: Top: Histograms showing the mean offset value
distribution for all channels before first iteration (top)
and after 4 iterations (bottom) for a signal discrimination
threshold of 30 mV. The histogram (blue) represents the
data together with a Gaussian fit (red).

Figure 2 visualises the improvement in timing precision,
showing the variation of leading edge timing of individ-
ual hits with respect to the average time of hits in a given
ring. Without offset calibration, the timing precision is lim-
ited by the channel-to-channel time offset variation. Af-
ter properly calibrating these offsets, a timing precision
of 277 ps (sigma) is achieved for the given discrimination
threshold of 30 mV, corresponding to 650 ps FWHM (as-
suming Gaussian shape). The achievable timing precision
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is ultimatively limited by the Transit-Time-Spread of the
MAPMT, which is in the order of 300 ps (FWHM) accord-
ing to the manufacturer.

The resulting timing precision was studied as function
of discrimination threshold as shown in Table 2. Optimum
timing precision is achieved for thresholds < 70 mV.

Threshold | sigma (ps)
30 277
40 265
50 299
60 293
70 272
90 273
100 297
120 311
150 330

Table 2: Timing precision as function of discrimination
threshold.

Summary

The COSY beam test was crucial in understanding many

aspects of the newly developed DiRICH readout chain,
and paved the way for mass production of the electronic
compones. The importance of Time-over-Threhsold cuts
in order to clean the data and suppress capacitive cross
talk could be demonstrated when using low discrimina-
tion thresholds. However, ToT cuts are useful only at low
thresholds, at higher thresholds ToT cuts start affecting the
efficiency of the detector (see [3]). With respect to timing
precision, individual channel offset corrections turned out
to be vital in achieving optimum timing precision. A corre-
sponding calibration procedure was developed, and could
be tested using the COSY data.
After calibration, a full system photon timing precision of
270 ps (sigma) or 630 ps (FWHM) could be demonstrated
in the COSY data,which is already close (by a factor 2) to
the inherent sensor timing precision. It is also similar to
the result obtained in [4], giving a single channel timing
precision of 0=260 ps using a different approach. This is
already well sufficient for operation of the DIRICH readout
chain under high rate conditions as expected in CBM.
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FPGA based jitter measurements of different signal distribution methods with
FPGA-TDCs

F. Zorn', A. Weber', J. Michel?, and C. Hohne'

lJustus-Liebig Universitit, Giessen, Germany; 2Goethe-Universitit, Frankfurt, Germany

Introduction

The CBM experiment is supposed to run at very high

data rates in the future. Those require a good understand-
ing of the hardware to ensure that a clear signal can be
achieved. Therefore, it is very important to have a proper
understanding of the DAQ hardware to guarantee minimal
timing delays and clear signals.
In this Bachelor Thesis we investigated various transmis-
sion methods with respect to timing delays and jitter. This
was mostly done with available HADES hardware. In ad-
dition the influence of high frequencies on RJ45 as well as
KEL cables was measured.

Set-up

The measuring set-up uses two TRB3sc boards con-

nected through a custom made board with KEL and RJ45
cables, as shown in Fig. 1. The master board is controlling
the generated output signal, while the slave board is func-
tioning as TDC.
The precision of the signals is expressed through a jitter
which is here defined as the measured standard deviation
which actually combines time precision and additional jit-
ter.

Figure 1: Measuring set-up showing connected mas-
ter(left), custom(middle) and slave(right) board.

Three different aspects were investigated:

o Influence of different cables
With a frequency of 50 kHz different KEL/RJ45 cable
lengths and types and the resulting signal delay and
precision was measured. Cable length ranging from
0.25m to 50m as well as insulated and uninsulated
cables were tested.

o Influence of high frequencies
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To investigate the susceptibility of cables to crosstalk
an additional 125MHz clock was set to run on one
channel at a time. Every other channel was run on
50kHz. This was done for multiple channels taking
the custom board signal distribution into account.

Influence of signal delays
For this the measurement channels on the KEL con-
nector have all been set up to have a delay of 10 ns to
the neighbouring channel.
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Figure 2: Example measurement without any additional in-
fluences showing the standard deviation as time difference
to a reference channel 3 of all remaining channels.

Results

Results for the first measurement show that the jitter in-
creases with RJ45 cable length, excluding the jitter caused
by the inherent delay due to longer cables. The effect is
further increased with cables rolled up compared to cables
rolled out.

In addition, providing one channel with a high frequency
showed a significant increase of the jitter on neighbouring
channels, with the effect being less significant for RJ45 ca-
bles and more dominant in KEL cables.

At last, it was shown, that an increased artificial delay of
the signal generates a jitter on the delayed channel, which
is connected to the first finding working with different ca-
ble lengths.
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mRICH status and first data analysis*
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The mRICH detector setup

The CBM RICH team developed a small size proto-

type RICH detector based on the final readout electron-
ics of the CBM RICH detector and is participating in the
mCBM experiment. The mRICH detector is build from
2 x 3 DiRICH backplanes, corresponding to 36 Hama-
matsu H12700 MAPMTs and 72 DiRICH boards. Two
20 x 20 x 3 cm? aerogel blocks in front of the MAPMTs are
used as the radiator material. The mRICH is mounted be-
hind the mTOF detector and uses newly developed DCDC-
converter boards for the low voltage power supply.
The readout of the mRICH setup is based on TrbNet and
uses the standard DiRICH Firmware. The combiner boards
run an online calibration for the TDC finetimes. The data
from the combiner boards is combined by a hub on a trb3sc
that sends the combined data over UDP to the mRICH
AFCK. The trb3sc hosts in addition the central trigger sys-
tem (CTS) that is used to generate a trigger message for
each microtimeslice. Based on the trigger message all data
in the front end buffers from the last trigger on is sent out.

0]

Figure 1: The mRICH detector in the mCBM Cave. The
picture shows the readout electronics with the fiber con-
nections, high voltage, low voltage cabling and the trigger
distribution.

mRICH results

The mRICH detector was used in several beamtimes of
mCBM and showed a reliable behaviour. The following
results are based on the beamtime in December 2019 (run
384).

On the free streaming data from the mCBM detectors an
event building with the trigger conditions of a fixed 200 ns

*Work supported by BMBF 05P19RGFCA.
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time window, 1 Digi in TO, 10 Digis in mTOF and 10 Digis
in mRICH is applied. The crosstalk in mRICH is reduced
by the application of a Time-Over-Threshold (ToT) cut,
after a ToT-calibration was generated and applied during
unpacking. The ToT of mRICH hits is allowed to be
between 23.7 ns and 30 ns.

As the mCBM detectors have to be synchronized in time,
it is important to correct for any existing offsets in the tim-
ing between the detectors. The mRICH detector is cor-
rected for an offset of -280 ns. No jumps or changes in this
correction are found during data taking. Figure 2 shows the
corrected timing between the mRICH and the TO detector,
that is by definition the reference detector for all subdetec-
tors of mCBM.
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Figure 2: Timing distribution of the digis between TO and
mRICH after application of a time correction.

Figure 3 shows the data stream of three mCBM detectors
which reproduces nicely the spill structure of the SIS18
Ar beam @ 1.7 AGeV. In addition, the number of recon-
structed RICH rings is drawn. The number of RICH rings
matches perfectly the spills structure and even the differ-
ences in the amount of rings matches the differences in the
spill intensity.

< RICH
-=TOF

+To

——RICH RINGS

60
Time [ns]

x10°

.

T

40

50

Figure 3: mCBM detector digis and reconstructed mRICH
rings over time.
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As the mRICH was not fully operational in 2019, some-
thing that changed in March 2020, the acceptance is limited
to 44 DiRICHes distributed as shown in Fig. 4. The hits are
distributed as expected from simulations. The right figure
shows the distribution of reconstructed ring centers. The
middle of the detector is free of rings due to the separation
between the two aerogel blocks. As the positions in the
figure are in global coordinates, this already shows a nice
alignment in the Y-direction of the detector.

The ring centers also seem to form a three row structure. It
tends to be in-between two MAPMTs.
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Figure 4: Distribution of mRICH hits (left) and mRICH
ring centers (right) after event building and ToT-Cut.

Before ring finding and further analysis the digis have
to been cleaned up, resulting also in a more homogenous
distribution of hits. This is done mainly by the reduction
of crosstalk due to the applied ToT-cut. Figure 5 shows
the ToT distribution of digis (left) as well as of hits (right).
The small peaks in the digi distribution are produced by a
DiRICH with slightly too low gain, resulting from a too
low voltage on the 1.1 V line. The ToT distribution of
the mRICH detector shows a double peak structure. The
left peak is resulting from crosstalk in the MAPMTs. The
right peak, which is clearly larger, is mostly related to real
hits. As each DiRICH channel has a slightly varying ToT
distribution due to the routing of the FPGA firmware, the
complete ToT distribution of each channel of the mRICH is
shifted such that the main peak is located at 25 ns by the ap-
plication of a ToT-calibration. As this distribution is hard-
ware related, the differences between the same channels of
different DiRICHs are relatively small and the distribution
is not changing over time.
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Figure 5: Time-over-Threshold distribution of RICH digis
(left) and hits (right). The hits are created after event build-
ing and ToT-Cut application.
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The RICH ring finder from the standard CBM RICH de-
tector is currently used to find the rings from hits in the
reconstructed CbmEvents. The ring radius distribution is
shown in the left distribution of Fig. 6. Most of the re-
constructed rings have a ring radius of about 3.5 cm. This
value matches the expectations from simulations for elec-
trons quite well. The right plot of Fig. 6 shows the num-
ber of hits per reconstructed ring. Most of the rings have
around 13 hits. This distribution deviates from the simu-
lations slightly as it is sharper than expected. Simulations
show rings with higher number of hits. This needs further
investigation.
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Figure 6: Left: ring radius distribution of reconstructed
rings. Right: Number of hits in ring.

The mRICH detector finds very clean events with nice
rings as found in the hit distributions shown in Fig. 7. In
contrast to the CBM experiment, the mRICH detector is
positioned in the particle stream. This leads to particles
travelling through the MAPMTs and producing hits in the
MAPMT matrix. For mRICH, this gives a unique footprint
of the particle creating the Cherenkov ring in the center of
the ring. On the one hand, this is a nice additional infor-
mation for the correctness of a ring fit, as the ring center
is matching this inner hits, on the other hand this makes it
more difficult to separate double rings or even to fit small
rings of just a few centimetres.
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Figure 7: Two single event displays of the mRICH detector.
The cyan coloured points show the hits in the detector. The
hits with purple points inside are hits matched to the ring.
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For a more robust ring finding in mCBM, the ring finder

has to be retrained for such signatures hopefully improv-
ing the ring finding in the future. Nevertheless, the ring
finder already gives nice results. Comparing the leading
edge times of the hits in a ring to the start time of the re-
constructed CbmEvent, the hits of a ring appear in the be-
ginning of an event and show nicely the correct temporal
alignment in the detector. Unfortunately, there is a proba-
bility that the start of a CbmEvent could also be triggered
by background hits and therefore the time position of the
rings could also be at different positions in the time distri-
bution. Applying a leading edge cut on the data is possible
but may not be efficient due to the loss of real rings.
The found rings in Fig. 8 are separated in different cate-
gories. Approximately half of the rings have no track near
the found ring. Half of the rings have a track nearby but at
least 5 cm away from the ring center and only a few rings
have a track next to the RICH ring. This behaviour is also
visible in Fig. 9. The track-ring distance peaks around 8 cm
which corresponds to the green line in Fig. 8.
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Figure 8: Left: leading edge distribution of hits in a found
ring relative to the start time of an event. Right: Leading
edge relative to start of an event against ToT for all hits in
aring.
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Figure 9: Left: Track-ring distance of RICH rings. Right:
Ring radius vs. track-ring distance of the reconstructed
track.

The hits located in the center of a ring are coincident
in time with the hits of the ring of the same CbmEvent.
This confirms that the hits in the middle are no random
background noise. The number of hits in the center of a
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ring peaks around 4 hits and has a long tail to higher values.
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Figure 10: Left: leading edge distribution of hits in a found
ring relative to the start time of an event. Right: Number of
hits inside a ring.

To see a spatial correlation of the mRICH and the
mTOF, hits from both detectors were taken separately for
X and Y. Figure 11 shows the correlation between both
detectors in X and Y. In X-direction the mTOF triple
and the mTof double stacks are visible. The triple stack is
located between approx. O to 30 cm in global coordinates.
The mRICH is positioned in the center of the triple stack.
As the double stack does not show any correlation, it
proofs that the structure observed is really a correlation
between the two detectors. In Y '-direction the distribution
is thinner in width and the overlapping of some modules is
becoming visible.

The correlation is even visible when the reconstructed
ring centers of RICH rings are plotted against the hits or
even against reconstructed tracks.
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Figure 11: Spatial correlation between the mTOF and the
mRICH in X- (left) and Y-direction (right).

The clear spatial correlation between the mTOF and
mRICH as well as the time correlation shows the function-
ality of the full mRICH detector as well of the DAQ system
developed for mRICH and thus for the full CBM RICH de-
tector.
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First evaluation of the upgraded HADES RICH during the HADES 2019
beamtime*
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Weber?
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In the March 2019 HADES [1] beamtime, the upgraded
HADES RICH was used for the first time to identify elec-
trons and positrons in Ag+Ag collisions at 1.58 A GeV and
at a triggered event rate of 16-18 kHz. A total of 15.3 x 10°
events could be recorded, demonstrating the successful op-
eration of the HADES detector setup over the full 4 week
beamtime. The new photon detector of the HADES RICH
is comprised of 428 Hamamatsu H12700 MAPMTs us-
ing the DiRICH read-out chain, both of which will also
be used in the CBM RICH detector. The gaseous RICH
detector operates with C4H;( as radiator gas and uses a
spherical mirror to form Cherenkov rings projected onto its
two staggered photon detection planes. The inner photon
detection plane at z = —80.9 mm (with respect to the tar-
get) with rectangular dimensions of &+ 371 mm, is slightly
closer to the mirror than the outer photon detection plane
at z = —208.9 mm. Both planes together approximate the
focal plane of the spherical mirror. A more detailed de-
scription of the HADES RICH upgrade can be found in
[2].
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Figure 1: Number of hits per ring for measured and simu-
lated data. Both distributions are scaled to the same maxi-
mum bin content. Here, hit stands for a registered photon
after cuts.

One of the first parameters evaluated in the data analy-
sis is the number of hits per ring. This distribution gives
immediate feedback if the detector operates well above the

*Work supported by GSI, BMBF contracts No. 05P19PXFCA and
05P19RGFCA, and the TRB working group
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average noise in the detector. In Figure 1, the number of
hits per ring from measured data is compared to simulation.
Here, the number of hits refers to registered photons after
timing and time-over-threshold cuts. Given the average of
16 registered photons per ring, it is evident that most of the
rings are easily reconstructible. This statement is further
supported by the findings regarding the ring reconstruction
efficiency presented in [3]. Moreover, the congruent dis-
tributions of measured and simulated data demonstrate a
good understanding of the detector. Differences in the dis-
tributions tails towards higher number of detected photons
per ring can be explained by misidentified nearby double
rings. Those double rings which were reconstructed as one
single ring with a higher number of hits associated were not
accounted for in this simulation.
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Figure 2: Reconstructed Cherenkov ring radius as a func-
tion of polar angle # for rings associated to particles. The
points indicate the average radius per bin in § with the error
bars representing the standard deviation.

The radius of the Cherenkov rings is another interest-
ing feature one can assess. Two distinct aspects are ex-
pected to be seen in the ring radius distribution in depen-
dence on the polar angle #: Firstly, a jump in the mean
ring radius at # ~ 50°, where the x,y-positions of the stag-
gered RICH photon detection planes intersect. Secondly, a



Ring Imaging Cherenkov Detector

All particle candidates with no requirement for a ring in the RICH

-200

CBM Progress Report 2019

x10°

200 400 600 800

p x Zin MeV/c

Number of particle candidates

All particle candidates with required ring in the RICH

30000
25000
20000
15000
10000
5000

600
p x Zin MeV/c

800

Number of particle candidates

Figure 3: Velocity (3) versus momentum distribution times charge with (bottom) and without (top) requiring a Cherenkov
ring in the RICH detector. Rings are fitted after applying strict cuts on the hit timing and time over threshold for each
individual hit. In addition, rings are selected to have radii between 17 mm and 30 mm. Indicated in white and black letters

are the different particle branches.

slow decrease in the ring radius with increasing 6 due to the
geometrical approximation of the real optical focal plane.
Both of these features are visible in the measured ring radii
distribution shown in Figure 2. From this plot one can ex-
tract the average ring radius to be 23 mm. Also this value
is consistent with simulations. A more detailed discussion
(together with an estimate on the timing precision) can be
found in [4]. A radius cut from 17 mm to 30 mm thus al-
lows to reduce background of falsely fitted rings, especially
in the inner region of the detector (f < 50°).

The successful operation of the upgraded RICH detec-
tor is also seen in the reconstructed velocity-vs-momentum
distribution. As the RICH detector is blind to all hadrons
at the given collision energy, hadrons can be rejected
by requiring matched RICH rings for reconstructed parti-
cles. This behaviour is clearly seen in Figure 3, where
the proton- and 7®-branches are strongly suppressed so
that only the electron- and positron-branches persist in the
velocity-vs-momentum distribution.

In summary, the upgrade of the HADES RICH detec-
tor successfully enhanced the HADES detector capabili-
ties. First performance data look very promising and con-
firm the path chosen for the CBM RICH design and con-
struction.
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Ring reconstruction efficiency for the upgraded HADES-RICH detector*
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The upgraded HADES-RICH detector enables high
quality di-electron measurements in HADES and serves,
as a FAIR-Phase 0 experiment, as proof of concept for the
CBM-RICH detector. Both detectors will use the same
sensors to equip the photon detection area as well as the
same read-out electronics. A precise understanding of the
performance of the HADES-RICH detector is therefore a
key issue in moving forward towards the RICH detector
in CBM. The already well established HADES experiment
[1] gives the opportunity to study the RICH performance
in concert with the other well understood HADES sub-
detectors. These include the MDC-tracking stations, re-
solving the precise track position and momentum of the
particles, as well as the TOF/RPC-setup, measuring 3 for
electron selection. Both of these detectors have been in op-
eration for more than a decade.

The ratio of reconstructed electrons in the RICH detec-
tor over the number of electron candidates reconstructed by
the other sub-detectors is hereby the simplest estimate for
the RICH efficiency. A main limitation in this approach
of determining the RICH detection efficiency is the fact
that not all electrons seen by the sub-detectors behind the
RICH must leave a reconstructible trace in the RICH detec-
tor. Electrons being generated in the RICH gas, mirror, or
even behind the RICH, would artificially reduce the derived
efficiency and must therefore be rejected. To deal with this
situation, we shall first concentrate on the ring reconstruc-
tion efficiency. For its determination, we require a “certain
amount of photons” in the vicinity of an electron candi-
date reconstructed by other sub-detectors. Those electron
candidates which were not reconstructed in the RICH de-
tector but did produce enough photons to be reconstructed
in principle then count negatively into the RICH ring re-
construction efficiency. We define “vicinity of a track” as
the maximum ring radius (30 mm) plus an additional abso-
lute angular difference of 4°. A “certain amount of pho-
tons” can be understood as a threshold, above which the
reconstruction of a Cherenkov-ring should have been pos-
sible. Recapitulating the method, one counts the number
of electron candidates reconstructed by other HADES sub-
detectors for which the RICH detected a number of pho-
tons above a certain threshold within the vicinity of the
track, but a Cherenkov-ring was nevertheless not recon-
structed. The efficiency derived this way needs to be cor-
rected for uncorrelated background, which can be derived
by counting the number of detected photons in a detec-

*Work supported by GSI and BMBF contract No. 05P19PXFCA
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tor region (geometrically) uncorrelated to the track candi-
date. The uncorrelated background is retrieved by the so
called RICH rotating technique: Here, for each uniden-
tified electron candidate seen by other sub-detectors, the
RICH is virtually rotated by 60° (one sector, see Fig.2)
to assess the number of hits in the vicinity of the now in-
correctly placed electron candidate. This approach works
as the amount of uncorrelated background in the RICH
should only depend on the polar but not on the azimuth
angle. The resulting background subtracted distribution for
the number of photons in the vicinity of electron candidates
is shown in Figure 1. Here, also the number of photons per
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Figure 1: Distribution of number of photons per uniden-
tified Cherenkov ring in the RICH (black) and per identi-
fied Cherenkov ring (red). Photons associated to unidenti-
fied Cherenkov rings are obtained by checking the vicin-
ity of electron candidates identified by other HADES
sub-detectors. The distribution of number of photons
per unidentified Cherenkov ring is background subtracted,
where the background is approximated via the RICH rotat-
ing technique. Both distributions are scaled to their maxi-
mum bin-value above 10 photons.

found Cherenkov ring produced by an electron is super-
imposed. Using both of those distributions one can then
derive a final ring reconstruction efficiency. This is done
by choosing a number of photons as threshold, counting
all electron candidates with more photons near its vicin-
ity (NVabove) for both, reconstructed (Ngeco.) and not recon-
structed (Vo Reco.) Cherenkov rings. A factor of Nabove, Reco.
is introduced so different photon thresholds have minimal
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impact on the resulting ring reconstruction efficiency. This
factor gets lower the higher the threshold, as less and less
photons reconstructed in real rings would lie above the pho-
ton threshold. This procedure results in the following for-
mula to derive the ring reconstruction efficiency RRE

Nabove, Reco. )

NAbove, not Reco. ( Nreco.

RRE =1 —

N, electron candidate

= 0.99 (*408),.,.

Here, the systematic error is estimated by comparing the
results for thresholds ranging from 10 to 25 photons in the
vicinity of electron candidates. With this procedure to de-
rive the systematic error, one includes both of the major
contributing error sources: The first major contributor to
the uncertainty of this result are close double rings, which
can be found in the right tail of the number of photons in
the vicinity of an unreconstructed electron candidate. This
tail is not correctly approximated by the number of pho-
tons for reconstructed Cherenkov rings, as can be seen in
Figure 1. This error contribution has increasing influence
when choosing higher thresholds. The second major con-
tributor are electron candidates being produced inside the
RICH radiator, as those barely might emit enough photons
to justify their contribution to the number of reconstructible
electron candidates, especially for lower thresholds.
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Figure 2: Spatially resolved ring reconstruction effi-

ciency. The required number of photons for an identifiable
Cherenkov ring for this plot is 10. Indicated with blue lines
are the spokes of the HADES detector. Indicated with a
pink rectangle is the transition between the staggered pho-
ton detection planes. Red encircled are two examples for
failing read-out modules.

Using a threshold of 10 photons, the spatially resolved
ring reconstruction efficiency is shown in Figure 2. It
is obvious, that the ring reconstruction efficiency of the
HADES-RICH is close to 100% in most of the detection

RICH ring reconstruction efficiency

CBM Progress Report 2019

area, featuring only very small spots with reconstruction
efficiency < 97%. Those small spots are for example the
spoke regions (indicated with blue lines) of the HADES de-
tector, where track-identification as well as ring reconstruc-
tion suffer due to shadowing, the outer rim of the RICH
detector, where only partial rings can be reconstructed,
and the transition between the staggered photon detection
planes. This step between the photon detection planes fol-
lows a rectangular shape (indicated in pink) with its center
at (0,0) and width w = 371 mm. In addition to these
areas with lower ring reconstruction efficiency caused by
the geometry of the detector, one also finds several smaller
areas with lower efficiency (examples are shown in red cir-
cles). Those areas are caused by broken electronic mod-
ules, where due to missing ring segments, the ring recon-
struction efficiency is deteriorated.
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Muon Chambers (MuCh) for the CBM experiment at FAIR

S. Chattopadhyay
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The Muon Chamber (MuCh) system of CBM is designed
to study di-muons from various sources like vector meson
decays and thermal radiation in pA and AA collisions at
FAIR energies. The CBM-MuCh consists of five hadron
absorber blocks of 60 cm, 20 cm, 20 cm, 30 cm and 1
m thickness, with tracking detector stations in between,
placed downstream the target. The first absorber consists
of graphite and concrete blocks pasted together and placed
partially inside the dipole magnet. The other absorber
blocks are made of iron. Placed downstream each of the
first four hadron absorbers, racking station consisting of
three detector layers are installed for tracking of muons
and other charged particles. Behind the last 1 m thick ab-
sorber, the Transition Radiation Detector (TRD) serves as
the last tracking station. The detector technology chosen
for specific detector station depends mainly on the parti-
cle density at the respective locations. GEM detectors, that
can handle high particle rates, is chosen for the 1°¢ and the
2nd detector stations. Single-gap low-resistivity high-rate
Resistive Plate Chambers (RPCs) are being investigated as
candidates for the 3" and the 4'" station.

During last one year, extensive R&D has been performed
on various fronts in building the CBM muon system.
Teams from PNPI and VECC have been working on the
MuCh mechanical design, including support structures, ab-
sorbers and detector mounting system along with services.
While the PNPI team is responsible for building the su-
per structure, its movement system and the absorbers, the
Indian team is working on the design and fabrication of de-
tector mounting systems and their movements. A report on
the latest status of the job is included in this report (Fig. 1).

Another PNPI team is responsible for design and con-
struction of the gas distribution systems of the CBM-
MuCh. Two reports have been submitted to describe the
design of the gas distribution and mixing systems for GEM
and RPC, as they operate with two different gas mixtures.

The Indian team is responsible for the development of
the tracking chambers. Two real-size GEM chambers suit-
able for the 1% MuCh station have been installed in the
mCBM experiment and took data under various conditions,
e.g. for different voltages, target thicknesses, and beam in-
tensities. Performance issues which have been discovered
during the mCBM operation are being investigated by the
VECC team. Several contributions have been submitted in
this report to describe the results from mMuCh, including
the investigations on the STS-XYTER ASIC, like calibra-
tion, performance studies, and read-out of a 10cm x 10cm
GEM chamber. Apart from good time-correlation shown
by the GEM hits with TO and other detectors in the mCBM
setup, hits from the GEM chambers are nicely correlated

70

with the projected of TOF tracks on GEM coverage (Fig.
2).

R&D on RPC is being carried out using a 30 cm x 30 cm
low resistivity bakelite RPC. The chamber is readout by a
STS-XYTER based electronics that requires low-gain op-
eration of the chamber. Several configurations of the pad-
plane have been investigated, like the pad and strip read-
out of different dimensions. One important aspect being
looked into in detail is the cluster size and rate capability
of the chamber.

Detailed investigations are under way concerning sim-
ulations, like the optimisation of materials in the 15¢ ab-
sorber, the effect of surface thickness of the fifth absorber,
and the segmentation and digitisation of RPC. Other soft-
ware studies include the development of classes to relate
electronic channels to detector co-ordinates, and to identify
noisy cells. Several reports have been submitted on these
topics.

There are unresolved issues that have come up during
the mCBM operation of MuCh, like loss of links between
GEM-FEBs and GBTX boards during high voltage and
high intensity operations, lack of coverage of both the
chambers due to less number of FEBs. Efforts are ongoing
to resolve the issues and prepare mMuCh for data taking in
the next campaign.

Figure 1: MUCH geometry design on superstructure
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Figure 2: Spatial correlation between projected points from
TOF tracks and MUCH hits in XX (top) and YY (bottom)
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Two mMUCH GEM modules were tested in the mCBM
campaign in March and November-December, 2019. The
detector layout, it’s FEB configuration and DAQ setup is
the same as described in previous year’s progress report
[1]. A considerably higher acceptance acceptance could be
achieved in March and then Nov./Dec. 2019, after resolv-
ing CROB-FMC connector and firmware issues. Addition-
ally, a newer and improvised version of the STS-XYTER
FEBs(v2.1) were used for Nov/Dec runs. Thus, in this re-
port, we have discussed the results of the data acquired in
the later half of 2019. The tests were carried out with Ar
beam (of 1.7 AGeV) on Au target (0.25mm).

Beam direction

Figure 1: Schematics of the experimental setup of mCBM
experiment for Nov./Dec.19 runs

The schematic of the experimental setup having all the
subsystems is shown in Figure 1. The mMUCH modules
were placed at a distance of ~84 cm and ~106 cm from
the target position for the March setup. GEM2 was moved
to ~120 cm in Nov./Dec.
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Figure 2: Spill structure seen by GEM1, GEM2 and TO

(diamond) detectors.

The distribution of mMUCH-Digis with time, is shown
in the Figure 2. The spill structures from the GEM de-
tectors is nicely correlated with those from TO (diamond).
The histogram in green represents the raw data from GEM1
without any noise removal. Based on individual pad-hit-
rates during off-spill, ~200 channels out of a total 2500,
were identified as noisy, which were then masked, for fur-
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ther analysis. This noise-cleaned data for GEM1 is shown
in magenta in the figure. A spill length of ~7.5 s with a gap
of ~7.5 s and ~12 s is observed.
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Figure 3: Left: Distribution of number of digi/TS for
GEMI1 and GEM2. Correlation in number of digi/TS be-
tween GEM2 and TO (middle) and between GEM1 and

GEM2 (right)
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The distributions of number of Digis per time-slice(TS)
after noise-removal, for GEM1 and GEM2 planes are
shown in Figure 3 (left). The peak at the higher side of
any spectrum corresponds to the on-spill case, while those
close to the y-axis corresponds to the off-spill case. While
GEM1 had almost full acceptance, GEM?2 acceptance was
about 70%; hence GEM1 counts are higher. The TS-wise
digi correlation between GEM1 and TO and those between
GEMI1 and GEM2 are shown in Figure 3 middle and right
panels, respectively.
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Figure 4: Left: (right) Time difference spectra between one
FEB of GEMI1 with TO. Variation of peak position (ns)

after offset correction for all febs.

The time correlation plot for a particular FEB of GEM1
with TO is shown in Figure 4 (left). Using Gaussian fitting,
the peak position which represents the offset for this FEB is
extracted, while the o represents the time resolution. Dif-
ferent FEBs may have different time offsets which needs to
be corrected, before any event reconstruction. Offsets of all
the FEBs were thus determined. After correction, the mea-
sured mean offset for all the FEBs of mMUCH is shown in
Figure 4 (right). These have a spread of about 0.6 ns.

Event reconstruction was also carried out. A run with
low beam intensity (~6.7x 105/spill) was used. As a first
approach, all digis in a time interval of 200 ns, with a se-
lection criteria of having a minimum of 1 TO and 6 TOF
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Figure 5: Left: X-Y distribution of GEM hits after cluster-
ing. Right: Cluster charge distribution for GEM1

TgPeciser] ‘Table 1. Table for pad size at different granularity regions.
Granularity Region | Pad Size (mm)

su0n_ o 1 ]

~300-455

16 1

~1159-~
~1402-~1697

— o e e o

§ 10 15 F ] 1 2 3 4 5 6 1

Hdigi Granularity Region
Figure 6: Cluster size distribution (left) and its variation for
different granularity regions (middle). Right: Pad size for

different granularity regions.

counts, were combined together to form an event. Clus-
tering and hit reconstruction of the mMuCh data were per-
formed, as done in simulation. First, the digitized signals
separated by less than 100 ns were members of one cluster.
and then the nearest neighbours in space were clubbed to-
gether to form hits. A 2D X-Y hits-plot on GEM1 is shown
in Figure 5(left). The cluster ADC distribution shown in
the same figure is fit to a landau distribution. Owing to 5-
bit ADC in the STS-XYTER, a significant amount of satu-
ration is seen at bin (31). All the Febs were calibrated with
a charge threshold of 6 fC. The detector gain thus estimated
from these pulse-height distributions is plotted against a
summed up GEM voltages in Figure 6,The cluster size dis-
tribution for GEM1 and its variation at different granularity
is also shown in Figure 6. The average cluster size is ob-
served to be ~1.2 at a gain of about 3000. The readout
consists of pads of varying sizes. The different granularity
regions are divided as per shown in table 1. As we move to-
wards higher pad size, the cluster size gradually decreases
as expected.

0

[T [T oo e

AVgen(¥)

Figure 7: Left: Gain variation with sum of GEM voltages.
Middle: Variation of cluster size with GEM voltage. Right:
Variation of average hit per event with GEM voltage.
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Data with varying GEM voltage were also taken and the
corresponding gain variation is shown in Figure 7 (left).
The variation of average cluster size (number of fired pads
per hit) with GEM voltage is shown in the middle panel
while the average number of hits per event with GEM volt-
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Figure 8: X-X(left) and Y-Y(right) spatial correlation of
hits between GEM1 and GEM2 planes.

age is shown in Figure 7 (right), which appears to saturate
at higher voltages.

The spatial correlation in X-coordinate and Y-coordinate
between GEM1 and GEM2 planes is shown in Figure 9.
We observe a prominent correlation line. Similarly, we
looked at the spatial correlation between GEM and TOF
planes and this is shown in Figure 9. A clearly visible cor-
relation between the GEM and TOF system is observed.
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Figure 9: Spatial correlation of hits in X-coordinate (left)
and Y-coordinate (right) between GEM1 and TOF planes.

Using the reconstructed events, a straight line track fit-
ting using triple stack TOF module and two GEM modules
has also been performed. The extrapolated X-Y distribu-
tion of tracks at z=0 planes is shown in Figure 10 (left).
We observe that the centre is shifted from its original point
(0,0), while the same in simulation with realistic coordi-
nates was observed to be well centred at origin. So a trans-
lation in hit coordinates of TOF and MUCH was performed
to align the detectors. The extrapolated X-Y distribution
(Figure 10,right) is now observed to be as expected.

Y0 em)

Figure 10: Extrapolated X-Y distribution of tracks at z=0
plane before(left) and after(right) alignment.

The detailed performance and track reconstruction using
triple stack TOF and GEM module is under process.
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Large size trapezoidal GEM modules have been installed
as part of the mMUCH subsystem in the mCBM exper-
iment. The main goal is to study the detector response
to the spray of particles originating from nucleus-nucleus
collisions, that pass through our detector. Investigation
on the rate capability of the detector is one of the most
important goals in this study in mCBM. Two GEM mod-
ules participated in the mCBM campaign during March-
May 2020, where Pb beams of 1.2 AGeV momentum col-
lided on a Aw target. In this report, we discuss the detec-
tor response at low and at high beam intensities, i.e. at
8X10° ions/spill(Run-520) and 8 X 107 ions/ spills(Run-
534), respectively.

Figure 1 shows the spill structures from the two GEM
modules, diamond (TO) and Time-Of-Flight (TOF) detec-
tors, for the low and high intensity runs. The GEM modules
were operated at a voltage of 4600 V in both the cases. The
gas mixture used was Ar/CO2 (70/30).

A 2D X-Y plot depicting the pads hit in GEM 1 is shown
in Figure 2 for the two cases. The pallete gives us an idea
about the individual pad hit-rates on the entire detector,
looking upstream. The rate values are calculated by di-
viding the pad-hit counts by the length of the time-slice, to
obtain the numbers in hits/second. The two runs have iden-
tical acceptance and the hit-density pattern over the detec-
tor surface also looks similar, with the obvious difference
being the increased pad-hit rates for the high intensity case.

1000
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Figure 1: Spill Structu;g )for Run 520 (Left) and Rlin 534
(Right) (TOF: Black,T0:Green, Gem 1:Red, Gem 2:Blue)

Figure 3 shows the time difference distribution between
GEM 1 digis and TO, time-slice wise, for low and high in-
tensity case. The peak of this distribution corresponds to
the time-offset for the particular FEBs, with respect to TO.
The satellite peak was a feature seen in group of runs taken
during a certain period. This was not present in subsequent
runs. The origin of these peaks were thought to be due to
beam conditions however detailed it is not yet clear.

Offset study was performed for both low and high inten-
sity cases for all Fee-Boards (FEBs). It is observed that
FEBs from a given AFCK give a similar offset. No large
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Figure 2: Pad hit rates for low(left) and high (right) inten-
sity runs on GEM1.
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Figure 3: Offset in us between TO and Feb 0 for Run 520
(Left) and Run 534 (Right) in the beginning of the runs.
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offset jumps observed in either of these runs.

The TS-wise digi correlation for GEM-TO for the high
intesity case is shown in figure 5 (Top Left). One can notice
that TO saturates at high intensities. However, the correla-
tion for GEM-TOF (Right panels in the Top and Bottom)
shows a linear behaviour. Bottom left figure conveys the
linear behaviour between Gem 1 and Gem 2 for the same
intensity run.

The average number of GEM 1 and GEM 2 digis per
time slice for low and high intensity case is plotted in Fig-
ure 6. While a clear peak is observed in the number of digis
per time slice for low intesity case, a rather wide distribu-
tion is seen for the high intensity run. It should be pointed

v [

W mw @0 W I IR ]
Trasie TreSea->

Figure 4: Offset in us vs Timeslice for a particular FEB
(FEBO) for low(left) and high(right) intensity case, respec-
tively.
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Flgure 5: Geml-TO Digi Correlation (Top Left) Geml-
TOF Digi Correlation (Top-Right), Gem1-Gem?2 Digi Cor-
relation (Bottom-Left) and Gem2-TOF Digi Correlation
(Bottom-Right) for high intensity run (534).

out that this average number of digit include hits from both
ON and OFF spill. For detailed analysis therefore, it is
required that background at OFF-spil to be excluded for

further analysis. We are in the process fo further investi- we w L
gations towards finding the rate estimate of hits during low “ :
and high intensity runs. ’ . N3
Data has been taken with thicker targets and also at few L - L R“mwmél;“,é;; .
more different voltages. A detailed analysis of all this is ror 1
underway. dON § ol
During the campaign of mCBM in March-May 2020, : o f U:Za;
mMuCh collected a huge amount of data in various con- ‘ 1 E Y

figurations. The configurations include, pulser data, data at
various voltages, varying beam intensity and two different ;
target thickness. All these different configurations gave ac- N G2 D0spa 75 NorerlGen s 15 ->

cess to varying hit density and rate capability. Even though ~ Figure 6: Number of Dlgls per TimeSlice for : GEM I,
the runs were smooth during low intensity runs, high in-  Run 520 (Top-Left) and Run 534 (Top-Right); Gem 2, Run

tensity runs even at nominal HV started showing that the 920 (Bottom-Left) and Run 534 (Bottom-Right)

link between a few FEB and AFCK got lost. We are in the
process of detailed investigations, however, no definite so-
Iution is not yet found. We have also observed that such
link loss results in change in offset time and requires cor-
responding correction. Even with a set of data with link
break, we will be able to extract valuable information on
the properties of the detectors from this dataset.
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Implementation of Electronic FEB Id and channel Id for MUCH*

A. Sen'! and V. Singhal?
'Bose Institute, Kolkata, India; 2Homi Bhabha National Institute, Variable Energy Cyclotron Centre, Kolkata, India

CbmMuchAddress is a 32-bit addressing scheme for
uniquely identifying every MUCH channel. The generation
of CbmMuchAddress for individual channel follows partic-
ular scheme. First 4 bits represent system information, next
3 bits represent station which varies from 0-5, next 2 bits
represent layer (0-2), next 1 bit represents layer side infor-
mation (frontside-backside), next 5 bits represent module
(used 0-19 modules), next 8 bits represent sector (in phi an-
gle) and rest 9 bits represent channel number. The angular
acceptance of the detector spans from 5° to 25° and accord-
ing to channel occupancy [1]. 1° and 2° segmentation and
progressive geometry have been adapted for the first two
stations of MUCH respectively. According to the avail-
ability of GEM foil size, each layer of 1st station has been
divided into 18 modules. MUCH system is using STS-
MUCH-XYTER ASIC readout for the individual pad. The
ASIC contains 128 electronics channels (e-channel, for dif-
ferentiation from the channel which is generated from sim-
ulation). First station’s each module will contain 23x97
= 2231 pads, which requires at-least 18 Front-end Elec-
tronic Boards (FEBs) with one ASIC on it. During mCBM,
2 modules of GEM detector, equivalent of 1st station of
MUCH, have been configured according to the availability
of FEBs and both modules could not be fully populated [2].
During the simulation, a need has arisen that each channel
which is connected to CbmMuchPad should provide infor-
mation about physically connected FEB and corresponding
e-channel.

For this requirement, FEB Id and Electronic Channel
Id information have been implemented in the CbmRoot
framework such that it can be utilized during the simula-
tion. A class named CbmMuchSegmentPar has been cre-
ated to implement the mapping between the channel and
sector information of a module to the FEB id and e-channel
id accordingly. Two getter functions in the CbmMuchPad
has been implemented to extract the FEB Id and e-channel
information accordingly. CbmMuchSegmentPar contains
two 2D matrices. One matrix maps the FEB id, which
varies from 0-17, and another maps the e-channel id from
channel and sector information from CbmMuchAddress.
Each CbmMuchPad has a unique CbmMuchAddress from
which channel and sector information is extracted and us-
ing CbmMuchSegmentPar FEB-Id and e-channel informa-
tion gathered. A macro to pictorially represent and draw
the pad from the FEB and Channel information has been
written. Also, the same has been used for mCBM data to

*Work supported by DST-INSPIRE and DAE (govt. of India).
T arindam @jcbose.ac.in
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compare with the simulation result. The MC points have
been generated using transport macro. The PCB diagram
obtained from the simulated data is shown in Figure 1. Dif-
ferent color represents the different FEB connection to as-
sociated e-channels and the FEB number is indicated ac-
cording to the convention used in the mCBM.

Figure 1: GEM Module pad layout with FEB and e-channel
representation drawn from simulated digis.

Figure 2 shows the PCB from the mCBM data (run num-
ber 380 taken in December 2019) which is drawn using
the address variable of CbmMuchPad. In Figure 2a the first
GEM module is shown with all 18 FEB connected and in
Figure 2b the second GEM module is shown with 6 FEB
connected in it. In between blank space is due to non avail-
ability of FEB on those locations.

(a) GEM Module 1

(b) GEM Module 2

Figure 2: Pad drawn from mCBM data.

We would like to thank O. Sing, A. Seal, A. Kumar for
their valuable suggestion and discussion.
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Optimization of RPC detector segmentation and charge threshold in 3¢ and
4" MUCH Station
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Introduction

MUCH system will be used for detection of dimuons
originating from low (po, w, ¢, n), intermediate (contin-
uum) and high (J/20) mass regions of dimuon invariant mass
spectra [1]. MUCH in SIS100B configuration, consists of 4
absorbers and 4 stations. In first two stations, GEM will be
used whereas, in 3" and 4" stations RPCs will be used as
an active detector components. For RPCs, we have consid-
ered sector shaped modules which are arranged in a stag-
gered manner on both sides of the support structure. Each
RPC module consists of 2 mm RPC gas (TetraFluorethan
(CoHoFy) 85%, Sulfurhexafluoride (gas composition: SFg)
10% & 5% Isobutane (C4H1() sandwiched between 2 mm
RPC glass. Each station has three detector layers. Detector
layers consistes of several trapezoidal modules arranged to-
gether in a circular geometry. Each module has a length of
116 cm & 138 cm for the 37¢ & 4*" stations respectively.
15¢ station has 16 modules,2™? station has 20 modules. For
37d & 4% station 18 & 20 modules respectively have been
used. At present we are using 5° & 6° segmentation in
374 & 4" station but the current segmentations give less
efficiency and S/B in dimuon reconstruction and invariant
mass distributions, respectively. So, we explored the possi-
bilities of using finer detector segmentation with 1° and 2°.
In addition, we studied the effect of charge-threshold pa-
rameter on RPC digitization. Presently we are using 30 fC
charge threshold as default, we varied it to the 20 fC and 10
fC. Finally we compare our results for the above-mentioned
choices of segmentation angles and charge threshold con-
ditions. For this study we use much_v19b geometry tag
version. The details of MUCH setup is shown in Fig. 1.

RPC

modules . 2mm RPC glass
2mm RPC gas

Support 2mm RPC glass

structure

Figure 1: Arrangement of modules in staggered manner on
both sides of a support structure. RPC module has been
shown separately.
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Segmentation study

Segmentation study with different angles have been done
with SIS100B much_v19b geometry at 8 AGeV central
Au+Au collisions with CBMROOT OCT19 release ver-
sion. UrQMD has been used for background event gener-
ations and PLUTO for signal w decaying to u*u~. Fig. 2
shows the granularity of detector pads for different angles.
With smaller azimuthal angle granularity increases.

1° segmentation

3rd 4
Stati stati
R, = Ry = f
29:57cm 35.61cm
2° segmentation High
Granularity
3rd 4
Station station
5% 6°
3rd 4t
Station station

Figure 2: RPC detector segmentation with different az-
imuthal angle 1°, 2° in 3rd and 4th station and 5° in 3rd
and 6° in 4th station

Details of segmentation

sectors/  Pads/mod Smallest
layer ule pad size
(em)

0.5161

Station Modules/
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Module
angle

Largest
pad size
(ecm)

32 2.492
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3¢ 5.003
station
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layer
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station
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segmen-
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Pads/mod
ule
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pad size

1.693

Modules/
layer

1° 16
segmen-

tation

15t
station
ond

station

91 2172 0.4361 2.106 20 18°

Table-1:Details of different segmentation angles
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Figure 3: Occupancy distribution for 37 & 4" station with
different angles.

The details of segmentation has been mentioned in
Table-1.

Muon System

of implementing the response of the gas detector to the en-
ergy deposition inside the chamber. In this digitization pro-
cess we have studied how does the change parameter gets
reflected in the formation of digis. Presently 30 fC charge
threshold has been used in simulation with dynamic range
100 fC, i.e, maximum charge limit is 130 fC [1]. However,
RPCs can be operated at 20 fC as well. So we have simu-
lated the final performance of detector at 20 fC and also at
10 fC charge threshold for both 1° and 5° segmentation.

Fig. 5 shows the dimuon invariant mass distribution of
signal w + background at different charge threshold values
for 1° and 5° segmentation. Table-3, shows the efficiency
and S/B of w for different cases and we observe efficiency
highest for 1° and 10 fC threshold conditions.

Fig. 3 shows the occupancy distribution in 37¢ & 4*" sta-

tion with different segmentation angles, which shows with
higher segmentation angle occupancy higher. Fig. 4 shows
the invariant mass distribution of dimuons for signal w em-
bedded in background for different segmentation angles.
We see for 1° segmentation invariant mass yield is max-
imum. This is because the high granularity of the detec-
tor pads increases the probability of seperation of nearby
tracks. Table-2, shows the comparison of final efficiency
and S/B of w at 8 AGeV central Au+Au collision. We ob-
served efficiency and S/B is slightly better for 2° segmen-
tation and improves further for 1°.

Invariant mass
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Figure 4: Invariant mass distribution of w embedded in
background at different segmentation angles
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Figure 5: Invariant mass distribution of w embedded in
background at 1° and 5° segmentation for different charge
threshold.

With 5° and 6°
segmentation
(3™ & 4™ station)

w Pair reconstruction s/B

efficiency (%)

30fC

20fcC

10fc

Eff — 36 %
S/B — 4%

1.05

0.83 l
1.00

209%
Efficiency
increases

269%

With 1° segmentation

w Pair reconstruction

(3" & 4™ station)

30fC

20fC

10fC

1.13

efficiency (%)

increases
25%

0.243
a%
0.236 lS/B going down

0.233

s/B

0.261

0.261

0.254

f/n going down

w Pair reconstruction S/B
efficiency (%)
5° & 6° segmentation  0.83 BT 0.24
Efficiency &
2° segmentation 0.85 0.24 S/B increases
8.4%
1° segmentation 0.90 0.26 7.6%

Table -2 : Efficiency and S/B of w at different segmenta-
tion angles

Different charge threshold study

The readout planes of the RPC modules are segmented
in pads. The procedure of distributing the MUCH points to
pads, known as digitization involves the detailed procedure

0.90
229%
1.10 Efficiency

Table-3: Efficiency and S/B of w at different segmenta-
tion angles and charge threshold
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STS/MUCH-XYTER v2.1 calibration of various parameters and e-link
monitoring for MUCH detector system*
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Bhattacharyya’, and C. Schmidf®
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The new dual gain STS/MUCH-XYTER is a 128
channel highly configurable ASIC with dedicated 5-bit
flash ADC for each individual channel. This ADC have
31 comparators which can be trimmed for a particular
reference voltage controlled by a 8-bit Digital to Analog
Converter (DAC).All 32 steps of ADC for all 128 chan-
nels of ASIC needs to be calibrated for a desired input
charge. An automated setup is developed at VECC for
the calibration of ASIC for MUCH detectors. In this
setup we have also compared internal charge injector in
ASIC with an external charge injector and effect of bias
parameters VrefN, VrefP and VrefT on the calibra-
tion. MUCH/STS-XYTER downlink synchronization is
highly sensitive to the glitches in clock lines hence an
online monitoring code was developed for the MUCH
detector system to monitor the synchronization of these
downlinks.

80
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20
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0

External Pulse (FEB 57)
+External Pulse (FEB 53)
~Internal Pulse

fC

13 17 21

S

25 29

Comparator Number

Figure 1: External vs Internal charge injector zeroth chan-
nel calibration plot for FEB 57 and FEB 53

Internal Versus external charge injector
response of MUCH-XYTER 2.1

Test bench setup of VECC (reported earlier) is used to
perform this study. For this study, 600 fF (MUCH mode)
feedback capacitance setting along with other bias parame-
ter settings of VrefN =26, VrefP =55 and VrefT = 180 was
used. MUCH-XYTER was calibrated with internal charge
injector ranging from 8.7 fC to 77.4 fC and trim settings

* Work supported by VECC, Kolkata (EHEP&A Group)
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were calculated for all 32 ADC comparators of a partic-
ular channel. Now with manual external charge injection
was adjusted such that same trim settings were re-achieved.
Figure 1 is the plot shows the charge injection versus chan-
nel number plot for both internal and external for the ze-
roth channel of two FEE boards. Calibration line derived
from the internal charge injector is same for both the FEE
boards but on comparing with the external injected charge,
they shows variation in slope. As external charge injec-
tion setup is constant, the variation among the two ASIC
indicates channel characteristics variation across the ASIC
which may be either due to variation of internal charge in-
jection capacitor or the pulse generator calibration. Detail
study will be performed in future to study with more statis-
tics to know the range of the variation.
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Figure 2: Varying threshold with respect to different VrefN

ASIC threshold with varying VrefN, VrefP
and VrefT

The bias parameters VrefN, VrefP and VrefT not only
controls the biasing of the ADCs but also have deep impact
on the charge thresholds and dynamic range of the input
channels of the ASIC. Here we only present the results of
threshold effect with respect to VrefN, VrefP and VrefT on
first comparator of input channel of the ASIC with varying
one bias parameter at a time and keeping other two setting
to their nominal values. Before these tests were performed,
all the ADC of the ASIC was calibrated from range of 80
fC to 140 fC with linear step size of 2 fC keeping the other
bias settings VrefN = 26, VrefP = 60 and VrefT = 188 us-
ing an External charge injector while CSA Feedback ca-
pacitor was kept at 600 fF. This setting was used for the
testing RPC detector in high gain mode. Figure 2. shows
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the threshold variation with respect to VrefN. This plot also
shows the ASIC tunability for different Oth channel thresh-
old.
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Figure 3: Varying threshold with respect to different VrefP

Figure 3. shows the threshold variation with respect to
VrefP. Here the threshold change is in very limited range as
compared to the VrefN. The reason behind this behaviour is
the chosen starting range zeroth comparator threshold to 80
fC for this test. The results are exactly opposite if starting
range chosen is 6 fC or lower instead of 80 fC.

fC

Vref N:26
Vref P:53

152 160 168

176 184

Vref T
Figure 4: Varying threshold with respect to different VrefT

Figure 4. shows the the threshold variation with respect
to VrefT. In version 2.1, this is designed for the fine tune
settings hence variation is very low. The initial flat line
indicates the saturation in the bias value and will lead to
reduction in dynamic range, however detailed study is yet
to be performed.

e-Link status Monitoring for MUCH Detector
system

It was observed that any glitch introduced in clock line
of STS/MUCH-XYTER will lead to synchronization loss
in the downlink from CROB to FEE board. As a result, 1)
there is no more communication possible with the ASIC, 2)
each glitch is counted as an extra clock pulse to the counter
of the ASIC leading to time offset in the data and 3) if the
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DAQ run cannot be started with such un-synchronized e-
links. It is also seen that these glitches are observed more
frequently with the higher detector HV and frequency in-
creases with beam intensity falling on the detector. To
know the heath of these downlinks, we have developed an
online e-link monitoring code which can even store the tim-
ing information of event with resolution of few seconds
which may be used at time of data analysis. Figure 5.
shows a screen shot of the monitoring panel when running
this code which shows few links stable while some are bro-
ken.

cbm@mcbmviva: ~/mcbm _config/python_ipbus_master/run/mcbn

File Edit View Search Terminal Help
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Figure 5: Online FEB Link Monitoring System for MuCH
Detector

Future plans

A systematic study in MUCH mode on dynamic range
with respect to the bias settings and effect of bias variation
at different zeroth ADC comparator settings and effect of
varying time constant settings of this ASIC will be done.

References

[1] K. Kasinski and R. Kleczek and R. Szczygie, “Front-end
readout electronics considerations for Silicon Tracking Sys-
tem and Muon Chamber”, Journal of Instrumentation, doi :
10.1088/1748-0221/11/02/c02024



Muon System

CBM Progress Report 2019
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Triple GEM (Gas Electron Multiplier) detector will be
used as MUCH (Muon Chamber) in CBM experiment at
FAIR, to detect dimuons originating from the decay of low
mass vector mesons [1]. CBM will operate at 10 MHz col-
lision rate and the maximum particle density at the inner-
most part of the 1st station MuCh detector will be about 0.4
MHz/cm? [2]. Here we report the detailed test results of a
10 cm X 10 cm triple GEM detector [3] using MuCh-Xyter
ASIC v2.0 and v2.1. The detector gap configuration used is
3-2-2-2 mm and the premixed Ar:COs ratio has been used.

10X10 GEMgchamber

Figure 1: Lab setup with triple GEM detector
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Figure 2: Time difference spectra with time diff (ns) in x
axis and counts in y axis

Fig.1 shows the coincidence setup with a 10 cm x 10

* c.ghosh@vecc.gov.in

cm triple GEM detector. Two scintillators with areas of
2 cm x 2 cm and 3 cm x 3 cm are used on the top and
the bottom of GEM active area respectively for coincidence
with cosmic rays. Data is recorded with MuCh-Xyter ASIC
v2.0 and 2.1 separately and compared for various detector
characteristics.

Cosmic ray events were recorded for 6 different high
voltage (HV) starting from 4500 V to 5000 V in steps of
100 V. Fig.2 shows a time difference spectra between GEM
hits and scintillator coincidence hits at detector voltage of
5000V. The detector efficiency and time resolution are ex-
tracted at all the above 6 voltages. Fig. 3 and Fig. 4 shows
variation of detector efficiency and time resolution respec-
tively.

10X10 GEM detector Efficiency curve with Cosmics using MUCH-XYTER V2.0 and v2.1
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Figure 3: Variation of detector efficiency with summed
voltage across 3 GEM layers

Time Resolution vs HV of MUCH-XYTER v2.0 and V2.1 with Cosmics
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Figure 4: Variation of detector time resolution with
summed voltage across 3 GEM layers

Fig.3 shows a decrease in efficiency with MuCh-Xyter-
v2.0 at highest detector voltage, this may occur as v2.0 gen-
erates duplicate hits, so the actual hits get suppressed, thus
reducing the efficiency. This bug has been fixed in v2.1, so
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Detector Efficiency at different Thresold of MUCH XYTER v2.0
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Figure 5: Variation of detector efficiency at different
thresold VrefT for asic v2.0

we get expected efficiency at highest voltage also. Fig.4
shows time resolution improves with increasing voltage.
v2.1 shows steady improvement than v2.0, which can be
explained by the duplicate hits.

As the coincidence area is low (~ 4 cm?) due to limi-
tation in detector read out area so a high rate beta source
(Sr?) is used instead of cosmic rays to conduct some study
on the variation of detector efficiency and time resolution
with ASIC bias setting (VrefT).

Efficiency of 10X10 GEM Detector at different thresold (VrefT) with v2.1 using Beta
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Figure 6: Variation of detector efficiency at different
threshold VrefT for MuCh-Xyter-v2.1
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Figure 7: Variation of detector time resolution at different
threshold VrefT for MuCh-Xyter-v2.0
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From Fig.5 if we look at voltage 1140 V, it shows that
VrefT=188 is optimal, above this data get suppressed and
below this noise gets included, resulting in reduced effi-
ciency. Although at higher detector voltage the efficiency
value becomes nearly same except for VrefT=187. For
MuCh-Xyter-v2.1 (Fig.6), no particular could be observed,
but at higher voltages the efficiency values are almost same
for different thresholds except at values like 166, 169.

Time Resolution of 10X10 GEM Detector at different thresold (VrefT) with v2.1 using Beta
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Figure 8: Variation of detector time resolution at different
threshold VrefT for MuCh-Xyter-v2.1

Gain vs HV of 10X10 GEM Detector with MUCH XYTER v2.0 and v2.1 asic using Fe55
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Figure 9: Detector gain variation with HV for 2 ASIC ver-
sions

Fig.7 and Fig.8 show that the time resolution doesnot
follow any particular pattern with VrefT, at higher voltages
the values coincide with each other.

Detector gain is measured with MuCh-Xyter-v2.0 and
MuCh-Xyter-v2.1 using Fe-55 source at different HV set-
ting, Fig.9 shows that v2.1 gives 1.6 times higher gain com-
pared to that with v2.0. This gain variation may result from
slight variation in the calibration trim file of both the ASICs
at the time of calibration. Further investigations are ongo-
ing.
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Introduction

MUCH detector of the CBM experiment is essentially
a sequence of 5 absorbers with tracking stations between
them located on the beam. MUCH shares the in-beam po-
sition with RICH detector, in order to achieve this, it sits
on the movable Platform that should be able to displace the
set-up from the operational (in-beam) position to the park-
ing one (near the CBM cavern wall).

Figure 1: General view of the preliminary MUCH setup
during installation of the Absorber 1. The supports for
the Absorber 5 are not shown. The bent objects on top
of MUCH are the chamber service carriers. The close ca-
ble carriers are extended to make possible extraction of the
chamber layer in service position out of the gap between
the absorber. The rear carriers are in the compact position,
enabling RICH stand nearby.

The general view of the current MUCH setup sitting on
RICH/MUCH Foundation is shown in Figure 1. The bent
objects on top are the chamber service carriers.
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Platform

MUCH Platform is shown in Figure 2. Several reason-
able options for the Platform (long and short) and differ-
ent displacement mechanisms (screw-nut, or rack-pinion,
or hydraulic systems, moving along the rails or skidding).
The optimal configuration consists of a welded frame, on
the bottom of which roller carriages are installed. The
roller carriages closest to the Absorber 5 have side rollers
to take up the transverse loads during movement and an
earthquake. The Platfrom is fixed to the Foundation at
its extreme positions with the brackets. The Platform can
be moved by means the hydraulic drive along the cogged
guide from the operational (in-beam) to the parking (near
the cavern wall) positions and back.

Figure 2: Standalone view of MUCH Platform.

The preliminary stress analysis proves its sufficient stiff-
ness to sustain the loads from the detector.

Absorber 1

The Absorber 1 simulations [1] demonstrated that
close to the optimal optimal detector performance can be
achieved for the sandwich structure containing 28 cm of
graphite with a density of 1.78 g/cm3 and 30 cm of con-
crete with a density of 2.3 g/cm?. its design could be seen
in Figure 3. The small parts made of aluminum are permis-
sible.

The aluminium-lead shield will be placed around the
beam-pipe. The Absorber halves can be positioned along
the beam with the tolerance of order =1 mm and can be
moved aside to allow space required for the coupling of
the beampipe parts at the STS wall. A 25 mm high step is
introduced at the contact surface of the absorber halves in
order to prevent direct passage of the particles through the
clearance between the Absorber halves.

Basic structural elements of the Absorber fixation such
as the platforms, rollers, brackets, adjustments and fixing
elements are made of non-magnetic stainless steel.
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Figure 3: Right half of the Absorber 1 in installation-
transportation tooling set.

Absorber 5

The Absorber 5 (see Figure 4) is the dismountable 1-m
thick wall made of the cast iron blocks (density of about 7.2
g/cm?) and sitting on its dedicated welded support. Welded
racks are located on the sides of the Absorber to prevent
tipping off a set of blocks during an earthquake.

Figure 4: Standalone view of the Absorber 5.

The simulations [2] show low sensitivity of the Absorber
performance to the machining quality of the blocks (the
gaps of order 1 cm are tolerable). The machined tongue-
groove joints ensure auto-centring of the blocks during in-
stallation and fixation against displacement along the beam
direction in case of an earthquake. Blocks are fixed against
displacement across the beam direction by means of side
brackets. These brackets are also used for block position-
ing during the installation.

An aluminum shield to prevent the activation of the iron
is fixed by means of steel plates screwed to the beam shield
and a block.
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Services

The tracking stations require for their operation consid-
erable amount of different services — various cables, cool-
ing and gas pipelines etc. These numerous cables and pipes
do not allow disconnection and require careful handling
during:

e The displacement of MUCH Platform from opera-
tional to parking positions;

o The displacement of each individual tracking chamber
layer from operational to service position.

In order to organise these movements in a safe way the flex-
ible cable channels will be used. The connection of the
services with MUCH Platform will be done via two cable
channels shown in right part of Figure 2.

The services come to the patch panels on the Platform
and then distribute to the appropriate detectors. Three op-
tions for possible service distribution were studied. The
variants when the services come directly from the Plat-
form surface had severe problems due to width limitation
of MUCH (6.4 m) and rater large bending radius of the ser-
vices (about 300 mm). These options resulted to have poor
access to the patch panels, difficulties with maintainabil-
ity and repairability. An alternative version, where the ser-
vices come from MUCH top (see Figure 1) has complica-
tions with installation of removable parts of the transverse
beams, but these difficulties are resolvable.

Conclusions

MUCH mechanics is a complex system to be designed
by Indian and Russian teams. The goal of the task sharing
was to minimise possible interference and to exploit the
best competence of each team: bulk mechanics for PNPI
and chamber-related equipment for VECC. The Concep-
tual Design Reviews for MUCH Platform, the Absorber 1
and the Absorber 5 are recently submitted to the CBM
Technical Management. Currently the concepts of the Su-
perstructure and the Absorbers 2, 3, and 4 are under devel-
opment. Essential dependence on the design of the tracking
stations, especially their positioning and adjustment mech-
anisms and connection with services requires close collab-
oration between the PNPI and Indian designer teams. The
recently organised MUCH mechanical integration meet-
ings give good possibilities for the direct contacts between
the designer team resolving the pending issues.
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Noise reduction and testing of a double gap RPC

V. K. S. Kashyap and B. Mohanty
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Introduction

To achieve counting rate in RPCs for MuCh require-
ments, one needs to operate them at lower gain and average
induced charges of ~ 0.1 pC [1]. Detector and electronic
noise reduction would be crucial to achieve this goal. Also,
double gap RPC is one among the various modifications
that can be done to improve the efficiency and rate capa-
bility of an RPC [1, 2]. By construction, the 2 gaps in a
double gap RPC are independent of each other. Therefore,
one gap would compensate for the inefficiency of the other.
This will provide better efficiency for the double gap RPC
as a whole at lower voltages and hence improve the rate ca-
pability since each gap would be working at a lower gain.
Also, in case there is a problem with one gap, the RPC
would still be able to function with the other.

Here, we report the tests done on a double gap normal
glass RPC with p ~ 10'2 Qcm bulk resistivity, operating
with a standard gas mixture containing 95.2% r134a, 4.5%
i-butane and 0.3% SFg.

Experimental setup

A 30 cm x 30 cm double gap normal glass RPC is as-
sembled as per the schematic shown in Fig. 1(a). It consists
of two glass single gas gaps of identical dimensions with 2
mm thick normal glass electrodes and a gap thickness of 2
mm. Conductive coating of surface resistivity ~1 MQ /O is
applied on the electrodes. The readout panel is sandwiched
between two gas gaps. The schematic arrangement of the
gas gaps and the RPC is shown in Fig. 1(a). A schematic
of the experimental setup is shown in Fig. 1(b). Readouts,
scintillator telescope and electronics are identical to those
described in [1]. Data from 3 strips (left, right and centre)
are acquired as shown in Fig. 1(b).

Since the 2 gaps in the RPC are independent, it can be
run in the single gap mode by switching either of the gaps
off.

Figure 1:
Schematic of the experimental setup.
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(a) Schematic of the double gap RPC. (b)

ence and observed a drastic reduction in the singles noise
rate at low charge thresholds.

The singles noise rates (all signals crossing a set charge

threshold) of the central strip for various thresholds before
and after using a Faraday cage are shown in Fig. 2(a). The
noise rate is reduced by a factor of 100 for a threshold of
50 fC and by a factor of 5 for a threshold of 25 fC. For a
threshold of 200 fC there is no reduction. A faraday cage
is very crucial for the reduction of noise in an RPC.

Double gap RPC test results and discussion

The comparison of efficiency, mean charge and cluster

size for single and double gap configurations are shown in
Fig. 2(b), 2(c) and 2(d) respectively.

One can see from Fig. 2(b) that the double gap config-

uration achieves around 5% higher efficiency compared to
the single gaps at lower applied voltages. While calculat-
ing the efficiency, the signal detected by any of the 3 strips
(OR) is considered as detected by the RPC.

From Fig. 2(c) it can be seen that the mean charge in-
duced on the readout strip is also higher for the double
gap configuration compared to the single gap. Since the
induced charge gets added from both gaps in the double
gap configuration, on an average it is higher compared to
the individual gaps.

The average number of strips fired per muon trigger is

Noise reduction

The noise rate in an RPC is mostly due to electromag-
netic interference and improper grounding. The readout
electronics and the HV supplies were earlier connected to
the main ground in a mix of daisy chain and single point
schemes. We changed the scheme to a mix of multipoint
and daisy chain with a thick conductor grounding scheme
[3]. We constructed a Faraday cage around the RPC using
alumimium foil to shield it from electromagnetic interfer-
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Comparison of average clustersize.

considered as the average clustersize. Looking at Fig. 2(d),
the double gap configuration shows a higher average clus-
tersize compared to single gap as expected. This is because
the position of muon interaction can be slightly different in
each gap.

Conclusion and outlook

A double gap RPC with normal glass electrodes has been
tested. The results show that they provide around 5% im-
provement in the efficiency of the RPC at lower voltages
and would be beneficial for operation of RPCs at lower gain
to improve the counting rate. Further modifications in elec-
trode dimensions and conductive coating surface resistivity
may help reduce the clustersize.

We will be testing a double gap low resistivity glass RPC
[1]. We also plan to test single and double gap RPCs made
of low resitivity bakelite with different electrode and gap
thicknesses to achieve the desired rate capability of MuCh.
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Tests with different frontend electronics are also planned.
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Introduction

RPCs are being proposed as detectors for the 3™ and 4"
stations of the CBM Muon Chamber (MuCh) subsystem
[1]. Having excellent timing capability, RPCs have res-
onable position resolution and can typically handle count
rates of the order of ~ 1 kHzcm™2. They are very
good detectors for muons and the expected particle fluxes
at the 3™ and 4" stations of the MuCh subsystem are
~ 15 kHzecm™2 and ~ 5.6 kHz cm™2 respectively for 8
AGeV central Pb-Pb collisions [2].

With modifications in the construction of RPC, usage of
low noise electronics and lower gain operation, its rate ca-
pability can be improved. The rate capability of RPC is
defined as

Re = R/V =1/ptQ), M

where Rc = R/V is the rate per unit voltage drop, R is
the particle (counting) rate, V' is the voltage drop across
the electrodes, p is the bulk resistivity of the electrodes, ¢ is
the total thickness of the electrodes and (Q) is the average
charge produced in the gas for each count [3]. The aver-
age charge produced in the gas for each count in avalanche
mode RPCs is ~ 20 pC [3, 4]. If the permissible voltage
drop across the electrodes is around 250 to 300 V, consid-
ering an electrode bulk resistivity of p = 1.5 x 10'° Qcm
(typical bulk resistivity of low resistivity bakelite and glass)
and t = 4 mm, a rate capability of ~ 1 kHzcm™2 is
achieved. To increase the counting rate to MuCh require-
ments, one has to reduce the average charge produced in
the gas gap per count indicating the operation of RPC at a
much lower gain ((Q) ~ 2 pC). In an RPC, the detected
signal is the induced charge ¢ on the readout as opposed
to the actual charge produced in the gas. This charge is
typically ~ 20 times smaller than the charge inside the gas
gap [3, 4]. Therefore, one needs to operate RPCs at in-
duced charges of (¢) ~ 0.1 pC. One could also reduce p
to increase the rate capability, but this would have adverse
effect on the RPC position resolution. In this report, we
present some results from the characterization of a low re-
sistive glass RPC with p ~ 1.5 x 101 Q cm bulk resistivity.
The glass has been developed by Tsinghua University, Bei-
jing and supplied by Bjoptics, China. R & D on glass RPC
is ongoing at NISER, Jatni in parallel to the ongoing activ-
ities using bakelite RPC at VECC, Kolkata.

Experimental setup

A 32 cm x 30 cm glass RPC made of low resistivity
glass electrodes is arranged in coincidence with a scintil-
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lator telescope. The electrodes are 2 mm thick and the
gap thickness is 2 mm maintained with the help of poly-
carbonate spacers. Conductive graphite coating is applied
on the electrodes with a surface resistivity of ~1 M/,
Gas mixture containing Freon(r134a), i-butane and SFg is
flown through the RPC at different concentrations with the
help of a gas mixing system. The setup schematic is shown
in Fig. 1. Signal readout is made of a polycarbonate hon-
eycomb having foam filling with copper strips of 2.8 cm
width and 30 cm length. The scintillator telescope con-

Red: 3 fold trigger
Blue: Main stri

Logic Unit
(AND)

B

Discriminator

Oscilloscope

Fast Amplifier

| Digitizer

Figure 2: Picture of the RPC under test with electronics.

sists of plastic scintillators SC; , SC and SCj5 arranged
as shown in Fig. 1. SC2 has a width of 4 cm and length of
30 cm. It is used to select particular strips. SC; and SCj3
are identical, have width of 20 cm and are 40 cm long. All
the scintillators are 1 cm thick. Signals of all the detectors
are processed using NIM electronics (for generating trig-
ger, applying HV bias and amplifying RPC signals) and
VME Digtizer and Digital Storage Oscilloscope (for ana-
lyzing RPC signals). A picture of the setup is shown in Fig.
2. Data from 3 strips of the RPC are collected as shown in
the schematic. The digitizer has a Digital Pulse Processing
firmware using which one can obtain the induced charge
per event by integrating the signal pulse. The integrated
charge of the induced pulses are corrected for the amplifier
gain and detector strip impedence.
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Figure 3: (a) Singles noise rate at various thresholds for 0.3% SFg gas mixture. (b) Efficiency at various thresholds. (c)
Mean induced charge at various thresholds. (d) Average clustersize. Gas composition: r134a : i-butane : SF6 :: 93.5-95.2

(varied) : 4.5 (fixed): 0.3-2 (varied).

Results and discussion

Characteristic parameters of the RPC such as noise rate,
efficiency, mean charge and clustersize are shown in Fig.
3(a-d). It can be seen from Fig. 3(a) that the pulses below
a threshold of 100 fC are noise with very little variation as
a function of voltage. We can reduce the noise levels by
constructing a Faraday Cage around the RPC [5]. Looking
at figures 3(b), 3(c) and Eq. (1), one can see that it may be
possible to achieve a counting rate of ~ 5 kHz cm ™2 (mean
induced charge ~ 500 fC at 10.3 kV for 0.3 % SFg at 100
fC threshold) with an efficiency of 50-60%. In Fig. 3(d) the
average clustersize or the average number of strips fired per
muon trigger is plotted for different gas mixtures at differ-
ent voltages. Looking at the plot it would be preferrable to
use lower concentration of SFg for achieving better posi-
tion resolution. The efficiency can further be improved by
using a double/multigap geometry (~ 5 — 10%)[5], reduc-
ing the electrode thickness and better frontend electronics.
We are doing further studies in these directions.
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Gas system for the MUCH GEM detector
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The primary purpose of the CBM MUCH Gas System
(Fig. 1) is to provide Ar+30%CO; pure mixture to 0.2 m?3
MUCH detector at the correct differential pressure. The
system operates nominally as a closed circuit gas system
with the majority of mixture recirculation around the de-
tector [1, 2, 3, 4] with the flow of 10 slpm (standard liters
per minute) measured by FI7 flow indicator. The recircula-
tion flow through the detector can be adjusted by the BMV?2
bypass valve in the range of 0.2-2.0 slpm, measured with
FT1 and FT2 flow transmitters, to exchange five detector
volumes during 24 hours.

During normal operation a fresh mixture is added with
the mass flow controllers MFC1, MFC2 in the range of 0.1-
2 slpm. Both mass flow controllers are connected to each
other as master-slave (MFC1-MFC2) to have a constant
mixture content. To support the constant differential pres-
sure measured by PT6 sensor in the range of 1-240.5 mbar,
the control system will change the flow through the by-
pass loop and detector using the regulating electro valve
REVI1. If the differential pressure increases, the mixture
flow through the compressor C3 bypass decreased by clos-
ing the REV1 valve, thus decreasing the PT6 pressure. This
also slightly increases return pressure PT4 and finally main
compressor outlet pressure. This leads to increasing of the
exhaust mixture flow through the BPCV 1. Thus the system
withdraws exhaust mixture in case of differential pressure
increase. Vice versa, in case of differential pressure drop,
the flow through BPCV1 will be reduced by opening the
bypass flow using the REV1 and PT6 pressure will be in-
creased. The bypass valves BMV1, BMV2 and BMV3 are
manually adjusted to enable the optimum flow rate through
the bypass loop and the detector.

The pressure indicating switch PIS1 will operate SV8
normally open solenoid valve and compressors C1 or C2
(one is in operation, the second one is spare) to provide the
interlock at low (0.5 mbar) and high (1.5 mbar) differential
pressure levels upstream of the compressors in the case of
REV1 failure. Two bubblers (B1 and B2) installed for ad-
ditional protection of the detector from overpressure. The
gas system can also operate in an open configuration for
purging.

The purity and content of recirculation mixture is mon-
itored using Carbon Dioxide, Oxygen and Humidity ana-
lyzers in three points: a fresh mixture, detector outlet and
the mixture after the Purifier/Dryer. A fraction (up to 50%)
of the recirculation mixture can be passed through the Pu-
rifier and Dryer to remove Oxygen and moisture. There is
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a possibility to check the gas purity with the analyzers af-
ter the purifier and dryer to determine their saturation. The
Purifier is filled with active copper. Its operating and re-
generating temperature is 493 K. Oxygen content after the
Purifier/Dryer is about 2-3ppm. The Purifier regeneration
is performed with Ar+5%H2 mixture.

Dryer is filled with KA (3A) molecular sieves. Its normal
operating temperature is 295 K. Water content is 3-5 ppm
in Dryer’s output flow at this temperature. The regeneration
of the Dryer is performed at 650 K with Argon purging gas.

A distribution rack will supply two stations with the mix-
ture using 16 capillary supply lines for the detector cham-
bers (8 for the station 1 and 8 for the station 2). 16 return
lines equipped with the bubblers (B3-18) and the pressure
transmitters (PT7-22). The pressure transmitters will mea-
sure the pressure pulses from the bubblers to indicate a leak
in the particular detector section.

The mixture flows through the stations can be adjusted
by FI10 and FI11 flow indicators. Also, they may be
stopped with the solenoid valves (SV9, SV10, SVI11,
SV12).

A computer driven data acquisition/control system [5, 6]
monitors all of the process variables including the detec-
tor differential pressure stabilization. The computer system
controls quantities, which fall outside of predefined limits,
and initiates corrective action.
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Figure 1: CBM MUCH GEM gas system diagram.
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L. Kochenda and P. Kravtsov*
NRC ”Kurchatov Institute” PNPI, Gatchina, Russia

The primary purpose of the CBM MUCH RPC Gas Sys-
tem (Fig. 1) is to provide R134a + 4.5%iC4H;¢ + 0.5%SFg
mixture to the MUCH RPC detector at the correct differ-
ential pressure. The mixture content could be adjusted in
the range: (88%-97%)R134a + (3%-7%)iC4H1o + (0.2%-
5%)SF¢. The system operates nominally as a closed cir-
cuit gas system with the majority of mixture recirculation
around the detector [1, 2, 3, 4] with the flow up to 3 slpm
(standard liters per minute) measured by FI9 flow indica-
tor. The total volume of the RPC detector is 90 liters. The
gas system can produce the dry mixture (0% RH) and the
wet one in the range of 40-60% RH. The recirculation flow
through the detector can be adjusted by the BMV2 bypass
valve in the range of 50-1000 sccm (standard cubic cen-
timeters per minute), measured with FT1 (FI10) and FT2
(FI11) flow transmitters (indicators), to exchange five de-
tector volumes during 24 hours.

During normal operation a fresh mixture is added with
the mass flow controllers MFC1, MFC2 and MFC3 in the
range of 0.1-2 slpm. Three mass flow controllers are con-
nected to each other as master (MFC1) and slaves (MFC2,
MFC3) to have a constant mixture content. To support the
constant differential pressure measured by PT7 sensor in
the range of 5-10+0.5mbar, the control system will change
the flow through the bypass loop and detector using the reg-
ulating electro valve REV1. If the differential pressure in-
creases, the mixture flow through the compressor C3 by-
pass decreased by closing the REV1 valve, thus decreasing
the PT7 pressure. This also slightly increases return pres-
sure PT8 and finally main compressor outlet pressure. This
leads to increasing of the exhaust mixture flow through the
BPCV1. Thus the system withdraws exhaust mixture in
case of differential pressure increase. Vice versa, in case of
differential pressure drop, the flow through BPCV1 will be
reduced by opening the bypass flow using the REV1 and
PT7 pressure will be increased. The bypass valves BMV1,
BMV2 and BMV3 are manually adjusted to enable the op-
timum flow rate through the bypass loop and the detector.

The pressure indicating switch PIS1 will operate SV15
normally open solenoid valve and compressors C1 or C2
(one is in operation, the second one is spare) to provide the
interlock at low (1.0 mbar) and high (10 mbar) differential
pressure levels upstream of the compressors in the case of
REV1 failure. B1 and B2 bubblers installed for additional
protection of the detector from overpressure. The gas sys-
tem can also operate in an open configuration for purging.

The purity and content of recirculation mixture is moni-
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tored using Oxygen and Humidity analyzers in four points:
fresh mixture, detector outlet, mixture after the Puri-
fier/Dryer and the moisturizer. In the case of dry mix-
ture production a fraction (up to 50%) of the recirculation
mixture can be passed through the Purifier and Dryer to
remove Oxygen and moisture. There is a possibility to
check the gas purity with the analyzers after the purifier
and dryer to determine their saturation. The Purifier is filled
with active copper. Its operating and regenerating temper-
ature is 493 K. Oxygen content after the Purifier/Dryer is
about 2-3 ppm. The Purifier regeneration is performed with
N3+5%H> mixture. Dryer is filled with NaX molecular
sieves. Its normal operating temperature is 295 K. Water
content is 3-5 ppm in Dryer’s output flow at this tempera-
ture. The regeneration of the Dryer is performed at 620 K
with Nitrogen purging gas.

In the case of wet mixture production the Purifier/Dryer
are not used. All recirculation mixture passes through the
moisturizer. The part of mixture (up to 1000 sccm) will
pass through the distribution rack and the detector.

A distribution rack will supply two stations with the
mixture using sixteen capillary supply lines (CP1-CP16,
eight lines per station). Sixteen return lines equipped with
the bubblers (B3-B18) and the pressure transmitters (PT7-
PT22). The pressure transmitters will measure the pressure
pulses from the bubblers to indicate a leak in the particular
quadrant.

Two mixture flows through the stations can be adjusted
by FI10 and FI11 flow indicators. Also, they may be
stopped with the solenoid valves (SV11, SV12, SV13,
SV14). A micro compressor C3 will support the constant
pressure, about 5 mbar, in the output manifold.

The gas mixture streams flowing through the bypass
BMV2 and the micro compressor C3 are joined and pass
through the oil vapor purifier OVF1 and HF acid purifier
operated at room temperature. OVF1 is filled with the ac-
tivated carbon, HF acid purifier is filled with soda lime.
This purifier should be regenerated at 450 K with Nitrogen
purging. All purification units are designed for continuous
operation during the beamtime (2-3 months). Regenera-
tion procedure should be planned between the experimental
runs.

A computer driven data acquisition/control system [5, 6]
monitors all of the process variables including MUCH RPC
differential pressure stabilization. The computer system
controls quantities, which fall outside of predefined limits,
and initiates corrective actions.
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Crosstalk Study of a Low Resistive Bakelite RPC Prototype for the 3'¢ and 4"
stations of CBM-MUCH

M. Mondal*?®, J. Saini®, R. Ganai®, A. Sen®, Z. Ahammed?, and S. Chattopadhyay*
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Introduction

Resistive plate chambers (RPC) are planned to be used
for the 37¢ and 4*" station of CBM-MuCh detector system.
A single gap (2 mm) bakelite RPC detector of relatively
lower bulk resistivity (4 x 10'° Q-cm) has been tested us-
ing a strip readout and earlier version of STS-XYTER [1]
readout at a cosmic ray setup at VECC and at the GIF++
beam test at CERN. The RPC electrodes used are same as
has been used in ALICE muon trigger. The test results at
GIF++ showed a larger cluster size than expected indicat-
ing higher cross-talks to the neighbouring strips. We re-
port a series of studies performed at VECC on reduction
of cluster size thereby minimising the crosstalk. Large size
cluster could result from two sources, i.e., large avalanche
size or crosstalk between readout strips/pads. In this work,
we tried to optimize the later as for obtaining desired ef-
ficiency, avalanche size will be controlled by the required
gas composition and applied voltage.

Setups of tested RPC

The RPC module was tested with two gas mixtures and
various readout setup as discussed below. The variations
are led by the reasons discussed later.

Gas-I Gas mixture ratio of R134a: iC4H; : SFg¢ :: 95
1 4.5: 0.5. We also had a slightly different gas mixture of
ratio 94:4:1, we include both these gas mixtures as Gas-I.

P1: A 10 cm x 10 cm readout panel with no ground
plane and consists of pads of dimension 4 mm x 4 mm.

P2: A 30 cm x 30 cm pick up panel with 2.8 cm
x 2.8 cm pads with a ground plane which was removed
later. This pad size was driven by the results of simulation
which showed that for optimum performance, the 3" sta-
tion of CBM-MUCH RPC will require chambers of similar
segmentation.

P3: A strip readout PCB of 30 cm x 30 cm size cov-
ered by 2 mm thick long strips. The reason for investigating
with strips as comparison to pads has been discussed later.

Gas-II Gas mixture of R134a: iC4H;o : SFg :: 90 : 5:
5. In this setup, P-3 readout with various configurations of
strip grounding were used. This particular gas mixture was
used so that the chamber could be tested in mCBM config-
uration where this gas mixture is available. However, it is
known that SF6 plays a major role in avalanche formation
and higher fraction requires higher voltage.

*m.mondal @vecc.gov.in
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Results

In this study conducted at VECC, various options have
been tried to reduce the noise to lower the threshold and
operate the chamber at low gain and high rate. The re-
quirement of lowering the gain is extremely important for
running the system with a self-trigger electronics like STS-
XYTER which is highly prone to noise. The main focus
was to achieve optimum grounding scheme for reduction
of noise. A low pass filter was also tried before the high
voltage connection in RPC to block the AC noise. To re-
duce EMI noise, the chamber was kept in a closed Copper
box. A common grounding scheme between the electron-
ics, the shielding copper box and the readout plane has been
implemented. A scheme was used where the ground plane
was well separated from the signal plane thereby reducing
the capacitance. As a result of all these efforts, the thresh-
old could be reduced to 18 fC as opposed to 50 fC used at
GIF++. In the results presented below, we have tried to op-
erate the chamber at such a voltage so as to achieve 85% or
higher efficiency for cosmic ray detection. Fig. 1 shows a
typical distribution of cluster size for P-1 readout panel for
the chamber operating at 9.6 kV, in which the mean goes
upto 15 pads.

953
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Figure 1: Cluster Size of RPC at 9.6 kV with P-1 Readout
Panel.

Gas-1

P-1: For 4 mm x 4 mm pads, at 9.6 KV giving ~ 86%
efficiency, mean cluster size is 15 pads thereby containing
the cluster on an average in an area of 4 cm x 4 cm. It is
evident that change in HV affects both the efficiency and
cluster size as shown in Fig. 2 which shows a cluster size
of 10 pads for an efficiency of 70%.
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Figure 2: Variation of Efficiency and Cluster size with in
voltage for Gas-I, P-1 Readout Panel (Threshold : 18 fC,
0.5 % SFg).

P-2: In this case of larger pad size (2.8cm x 2.8 cm),
reduction of noise allows a threshold of 6 fC. This has led
to achieving an efficiency of 92.6% at 9.4 kV. Higher ef-
ficiency at similar voltage might be due to lowering the
threshold. In this configuration, the cluster size obtained
was of 14 pads thereby giving an even larger cluster of 14
cm x 14 cm size. Interestingly, for P-1 and P2 at sim-
ilar voltages and both having pad geometry albeit differ-
ent dimensions give almost similar cluster size in units of
pads. This leads to a suggestion that the crosstalk might be
dominated by the number of edges in the readout pad and
not of actual size of the readout unit. We then decided to
study a configuration of readout units of even smaller di-
mension i.e. smaller than 4 mm as was used in P-1. In
that case, investigations with strips in place of pads might
be more helpful as these small pads will lead to increase in
the number of readout channels. We have therefore built a
strip-based readout plane with strip width of 2 mm. In ad-
dition to the above, the connections of the nearby pads on
the readout plane might not necessarily be the consecutive
channels resulting in a pad further away to be affected by
crosstalk. Strip readout might eliminate this possibility.

P-3 This setup was tested with 1% SF6. Based on pad-
based studies mentioned earlier, the expectation is to have
cluster contained in about 14 strips of P-3. Driven by such
an expectation, we report here the results of P-3 in which
two consecutive strips on both sides of a set of 13 strips
have been grounded. This will hopefully confine the clus-
ter within 13 strips unless it spreads even more further than
two grounded strips.This configuration showed ~ 85 % ef-
ficiency at 10 kV with a mean cluster size of ~ 15 thereby
spreading the cluster further than 3 cm. This result indi-
cates the direction towards confinement of crosstalk driven
by number of readout units rather than size of the units.

We have also grounded the effect of grounding the con-
secutive strips thereby also increasing the dead area under
the trigger scintillator. The results remains inconclusive
and requires further study. We plan to work on this Case-I,

94
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P-3 configuration in more detail.

Gas-11

We have studied the performance of the chamber using
Gas-II mixture only with P-3 configuration. It should be
noted that due to higher fraction of SF6, the voltage to be
applied is higher for this gas mixture. For this configura-
tion, threshold set was at 17-18 fC. We have got an effi-
ciency of ~ 81 % efficiency at 11.2 kV and a cluster size of
20 strips. This shows the spread of crosstalk horizontally
up to 4 cm.

We wanted to study the effect of grounding strips which
is expected to reduce crosstalk. We first tested by ground-
ing the alternate signal strips. Even though it reduces the
cross talk to 7 signal strips, however the efficiency re-
duces to 35 % mainly due to dead space introduced by the
grounded strips. By increasing voltage, efficiency increases
upto 88 % by making the cluster size upto 15 strips which
effectively means very big clusters of upto 30 strips. It s
therefore required to optimize the system with lower volt-
age and a better grounding scheme.

Summary

Different readout plane configurations have been tested
with STS-XYTER ASIC to reduce the cluster size from a
single-gap low resistivity bakelite chamber. Pad and strip
geometries of different dimensions have been tested with
cosmic rays using two types of gas mixture ratio. About
1% SF6 gives about 15 readout units (pad or strip) to attain
an efficiency above 85%. The cluster size increases with
increase in SF6 fraction at higher applied voltage. Prelim-
inary results suggests cluster size to depend on the number
of readout units and not on actual size. Further study is
planned to obtain robust results and to finalise the configu-
ration.
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The optimized design of the muon chamber (MuCh) de-
tector system, for measurement of low mass vector me-
son (Imvm) at SIS100 energies, consists of four absorbers
and four stations. Each station is a triplet of three detec-
tor chambers placed between two consecutive absorbers, to
facilitate tracking and momentum dependent muon iden-
tification. The first MuCh absorber is placed inside the
dipole magnet. It has a thickness of 60 cm and is made
up of graphite to reduce the combinatorial background re-
sulting from reconstructed mismatched tracks due to mul-
tiple scattering. Formerly, in muon simulation studies, the
density of graphite was set equal to that of pure carbon, p
= 2.26 gm/cm?®. However subsequently it has been real-
ized that high density pure carbon is not available in bulk,
making the design of the first MuCh absorber unfeasibil-
ity. Extensive simulations have been performed to look
for alternative configurations of the first absorber. The
basic constraint has been to look for materials which are
cheap, available in bulk and at the same time restore the
physics performance of the system in terms of di-muon de-
tection. To ensure the later absorber materials are chosen
such that the corresponding hadronic interaction length be-
comes equivalent to that of 60 cm high density graphite.
After several iterations, it is finally decided to to use a com-
posite structure of the first absorber with 30 cm low density
carbon (p = 1.7 gm/cm?® ) and 30 cm of Concrete (p = 2.3
gm/cm?). This preferred choice keeps the physical thick-
ness of the first absorber same as earlier and thereby keeps
the overall design of the detector system unaltered. The
old and new configuration of the first absorber are shown
in Figure 1. The hadronic interaction length is though re-
duced due to low density carbon (A  p). Concrete with
advantage of technological and activation points of view
has same density as that of high density carbon. How-
ever owing to less radiation lengths, the amount of multi-
ple scattering (smaller radiation length leads to larger mul-
tiple scattering as they are anti-correlated) will be higher.
For quantitative estimation of MuCh performance, with
this new composite absorber, simulations are performed for
central Au+Au collision at 8A GeV beam energy. Apart
from the new geometry of the first absorber, some other
changes are also incorporated during transport. To reduce
the secondary electrons produced in the beam pipe, addi-
tional shielding (below the absorbers) are used around the
beam pipe. In the old geometry, lead (Pb) is used as shield-
ing material below the first absorber whereas, iron shield-
ing is used for the rest of the absorbers. The opening angle
of the hole in the shielding is 2.9 deg for all absorbers. In
the new geometry, to reduce activation, 30 cm aluminum

95

(Al) and 30 cm lead (PV) is used for shielding below the
first absorber and Al for the rest, in accordance latest de-
sign of beam pipe shields. The opening angle of the hole in
the shielding is reduce to 2.5 deg for the first absorber.

Figure 1: First absorber of Muon Chamber. Left panel: 60
cm high density carbon (p =2.26 gm/cm?). Right panel: 30
cm low density carbon (p = 1.7 gm/cm?®) + 30 cm concrete
(p=2.3 gm/cm?).
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Figure 2: Radial distribution of MC point density on differ-
ent MuCh stations for incident primary particles (left panel)
and secondary tracks (right panel). For direct comparison,
ratio of the point densities for new and old geometries are
plotted.

To investigate the immediate effect on the performance
of the muon detector chambers, we have first studied the ra-
dial distribution MC point density at all MuCh stations after
the first absorber. Evaluation of particle densities is essen-
tial for calculation of particle rates on the detector cham-
ber planes. To facilitate the comparison between the old
and new geometry configurations, Figure 2 shows the ratio
(new/old) of radial distribution of MC point density, sep-
arately for primary and secondary particles averaged over
all the three layers for each station. An enhancement in
point densities is observed for both primary and secondary
particles in all muon stations, which could be attributed to
the reduced absorption of the produced particles in the first
absorber.

To study the feasibility of di-muon detection with new
absorber design, we choose w — pu~ as our di-muon
signal. The invariant mass spectrum for the w signal and
the combinatorial background for both geometries are cal-
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Figure 3: Di-muon invariant mass spectra of the combina-
torial background for central Au+Au collision at 8A GeV
with different configurations of first absorber.

culated. The standard di-muon analysis software within
CbmRoot framework is employed for this purpose. For
the analysis, a set of track quality cuts is applied to the
reconstructed global tracks to identify the muon track can-
didates. A global track is selected if the associated STS
hits > 7, MUCH hits > 11, x¥ ;.. < 3.0, X374 < 2.0
and X%, < 3.0. In addition, the di-muon combinato-
rial background is further reduced via application a 20 cut
in the plane mass-squared versus momentum provided by
TOF detector. The invariant mass spectrum for the com-
binatorial background for both the geometries are shown
in Figure 3. The corresponding values of pair reconstruc-
tion efficiency (e,,) and signal-to-background (S/B) ratio
are calculated within a +2¢ window around the signal mass
peak and given in table 1. As evident from Figure 3, the
combinatorial background increases in the new absorber by
factor of 1.2-1.4, due to reduction in effective hadronic in-
teraction length. The performance is around 8% worse in
case of new absorber configuration (see significance ratio
in table 1). Since the reduction in performance with this
new absorber design is within 10%, as well as the particle
rates on the chamber planes are within the acceptable lim-
its, it has been decided to select the realistic new design as
the latest MuCh configuration. The corresponding geome-
try file prepared in ROOT format is already committed to
the repository with a tag version of v_19c.
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Countf{events x 10MeV/c’)

e

ratio

Figure 4: Di-muon invariant mass spectra of the combina-
torial background for central Au+Au collision at 8A GeV
with different configurations of the first absorber.
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Geometry | Efficiency S/B Significance
w, % Ratio(w.r.t old)
old 1.11 0.229 1.0
new 1.13 0.189 0.92
Table 1:  Reconstruction efficiency and signal-to-

background ratio for w meson in central Au+Au collision
at 8A GeV for different first absorber configurations.
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Figure 5: The di-muon invariant mass spectra of w mesons
in 8A GeV central Au+Au collision, for different configu-
rations of graphite absorber: (left) 30 cm thick low density
graphite and (right) 28 cm thick moderate density graphite.

In the meanwhile, extensive market survey of existing
graphite samples indicates the availability of carbon blocks
with slightly higher density of 1.78 gm/cm®. In order to
keep the hadronic interaction length same as that of 30 cm
low density carbon, the equivalent physical thickness of
this moderate density carbon block becomes 28 cm. This
would lead to an additional 2 cm gap between the first two
MuCh absorbers, which can be useful for MuCh service
works for the detector chambers. To the study the effect on
the MuCh performance, simulations have been performed
with the reduced physical thickness of first absorber, made
up of 28 cm block of carbon of density p = 1.78 gm/cm?®
and 30 cm block of concrete of density p = 2.3 gm/cm?.
The radial distribution of point density for primary and sec-
ondary particles are calculated. The new configuration with
reduced absorber thickness has no additional effects on the
point density for both primary and secondary particles. The
reconstructed di-muon invariant mass spectra for w signal
and combinatorial background is calculated with the fol-
lowing the same analysis strategy as described before. Fig-
ure 4 shows the invariant mass spectra for the combinato-
rial background for two different physical thicknesses of
the first absorber. The ratio of the two histograms is close
to 1 which implies that there is no effective change in com-
binatorial background with the reduced physical thickness
of the graphite absorber. The reconstructed invariant mass
spectra in the w mass (signal + background) region, is plot-
ted in Figure 5. The corresponding values of pair recon-
struction efficiency (e,, (%)), S/B and significance are cal-
culated within a 20 window around the signal peak and
listed in dialog boxes. No significant change is observed in
physics performance results.
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One of the major goals of the Compressed Baryonic
Matter (CBM) experiment at FAIR accelerator complex in
Darmstadt, is the measurement of di-muons (™). The
optimized design of the Muon Chamber (MuCh) detec-
tor system for identifying muons from the decay of low
mass vector mesons (Imvm) (eg: p, w, ¢), at SIS100 ener-
gies, consists of one absorber made of 30 cm low-density
graphite (p = 1.7 g/lcm?) and 30 cm concrete and three iron
absorbers with thickness 20, 20, and 30 cm, and triplets
of tracking detectors called stations behind each absorber
layer. To cope up with the high particle density, Gas Elec-
tron Multiplier (GEM) detector will be used in the first two
stations of the MuCh system. The particle density in sta-
tions 3 and 4 decreases substantially due to the absorbers,
and detectors with low rate capability could be used. Our
plan is to use low granularity Resistive Plate Chamber
(RPC) detectors in the last two stations of the MuCh sys-
tem. Accordingly, simulations have been performed with
GEM-like detectors in stations 1 and 2 and RPC-like de-
tectors in stations 3 and 4 [1]. The detector modules in
each layer are trapezoidal in shape for both detector types.
The readout pads are arranged in a r-¢ geometry, where
A¢ is 1 degree for the first two stations and A¢ is 5 de-
gree and 6 degree respectively for stations 3 and 4, such
that the radial size increasing with the radius. The simu-
lated MuCh geometry is shown in Fig. 1. To account for
the realistic material budget, 35 micron Copper and 3 mm
G10 sheets are inserted on both sides of the active volume
(3 mm Argon gas for GEM-like detectors and 2 mm RPC
gas [1] for RPC-like detectors) of the detector chambers of
all the stations. In addition, 1 cm thick aluminium plates
are used to provide chamber support and required cooling
to the detector electronics [2].

Recent investigations on MuCh mechanics revealed that
it is difficult to attain uniform surface smoothness over the
entire volume of the iron absorbers, which might affect the
detector performance. Thus it is necessary to investigate
the effect of surface tolerance of the absorber blocks on the
overall di-muon reconstruction performance of the muon
system. As a first step, four different geometry configura-
tions have been considered where the thickness of the 27<,
37? and 4*" absorber is varied. The thickness of the ab-
sorbers used in the simulation is the following, 60 cm -
20 cm - 20 cm - 30 cm (reference configuration), 60 cm -
19cm-19cm-29cm, 60 cm - 18 cm - 18 cm - 28 cm and
60 cm - 17 cm - 17 cm - 27 cm. The overall thickness of
iron absorbers is reduced by 3 cm in each step. The recon-
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Figure 1: The optimized MuCh geometry. It consists of
four absorbers and four detector stations. 15¢ absorber is
made up of 30 cm carbon (red part) and 30 cm concrete
(purple). The rest of the absorbers are made up of iron
(blue). GEM-like detectors are used in the first two stations
and RPC like detectors are used in the last two stations.
Detector modules are trapezoidal and arranged on the front
and backside of the aluminium support structure.

struction of the omega mesons, in central Au+Au collision
at 8 AGeV beam energy, is used for the comparison of dif-
ferent absorber configurations. The phase space decay of
w — ptp~ is simulated using the PLUTO event gener-
ator. The signal muon pairs are embedded into the back-
ground, generated using the UrQMD event generator. One
w (w — putp™) from PLUTO is embedded per event into
the background. All the particles are transported through
the entire CBM setup using GEANTS3 transport engine.
The radial distribution of MuCh point density (number
of Monte Carlo points per unit area per event), for primary
and secondary particles, are shown in Fig. 2. As expected,
no change is seen for station 1, as the thickness of the first
absorber is kept fixed. For the rest of the stations, particle
density monotonically increases with decreasing absorber
thickness of the absorbers, for both the primary and sec-
ondary particles, due to reduced absorption. Around 30%
increase in the primary and 50% increase in the secondary
are observed when changing the absorber thickness from
60cm-20cm-20cm-30cmto60cm-17cm- 17 cm -
27 cm. A similar trend is seen for the radial distribution of
occupancy (fraction of fired pads) of stations 2, 3 and 4.
Finally, to test the effect on the signal reconstruction due



Muon System

3

3

mcpoin)s/cmz/events

3

3

points/cm?/events

mel

8

Figure 2: Radial distribution of MuCh point density of pri-
mary (top) and secondary (bottom) MC tracks for all four
MucCh stations and for all the different absorber configura-
tions.
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Figure 4: Ratio of combinatorial background with respect
to 60 cm-20 cm-20 cm-30 cm absorber configuration.
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MUCH geometry | ¢, S/B Significance
Configuration (%) (S/\/(S+ B))
60-20-20-30cm | 0.76 | 0.36 5.85x10~%
60-19-19-29cm | 0.78 | 0.33 5.73x1074
60-18-18-28cm | 0.80 | 0.29 5.53x1074
60-17-17-27cm | 0.81 | 0.26 5.30x107%

Table 1: Reconstruction efficiency and Signal-to-
background ratio for w in central Au+Au collision at 8A
GeV for different geometry configurations.

to surface tolerance, invariant mass spectra are calculated
for all the four different geometry configurations, after full
simulation and reconstruction. The latest muon software
as available within the CbmRoot framework (CBMROOT
TRUNK, Revision no. 15516), has been used for the anal-
ysis. A set of single track quality cuts are applied to the
reconstructed global tracks to identify the muon track can-
didates. Reconstructed global tracks having associated STS
hits > 7, MUCH hits > 10, TRD hits > 1, X% ;0. < 2.5,
X%TS < 2.0 and X%\/IUCH < 2.8 are selected as valid muon
track candidate. The contribution of non-muonic tracks can
be further reduced by applying 2o cut on the reconstructed
TOF mass. The signal is extracted from the embedded
set of events by selecting oppositely charged muon can-
didate tracks on the event by event basis. The background
is calculated using super event (SE) technique, where one
muon candidate track is combined with all the other op-
positely charged muon candidate tracks to calculate the
combinatorial background. The invariant mass distribu-
tion of the reconstructed w mesons along with the combina-
torial background, for the nominal absorber configuration
(60 cm-20 cm-20 cm-30 cm), is shown in Fig. 3. The pair
reconstruction efficiency (e,,), signal-to-background ratio
(S/B) and significance (S/v/S + B), for all four different
absorber configurations, are given in Table 1. As evident
from the table, with decreasing absorber thickness, the pair
reconstruction efficiency increases because of the less ab-
sorption of the signal muons but S/B decreases due to an
increase in the background. Finally to study the effect of re-
duced absorber thickness over the full di-muon spectrum,
in Fig. 4, the ratio of the combinatorial background over
the entire di-muon mass range, for all the geometries to the
reference geometry is displayed. In the low mass region
(Miny <0.5 GeV/c?), sizeable enhancement is observed in
the ratio and that may be due to the decay of pions since the
air gap increases with decreasing the absorber thickness.

In summary, our studies reveal that reduction of the
thickness of the iron absorbers, of the order of a few cen-
timeters, would degrade the performance of di-muon mea-
surements at SIS-100 energies. A surface tolerance of the
order of a few millimeters might preserve the feasibility of
di-muon detection.
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One of the major goals of the Muon Chamber (MuCh)
detector system at the CBM experiment at FAIR SIS100,
is the detection .J/v) mesons in di-muon decay channel, in
p+ Aand A + A collisions. MuCh is designed to have
segmented absorber blocks and tracking stations placed in
between two consecutive absorber blocks. For studying the
low and intermediate mass region of the di-muon spectrum,
four absorber and four detector stations will be used. The
thickness of the absorber layers is 60 cm, 20 cm, 20 cm
and 30 cm respectively where the first absorber is made
up of 30 cm low-density carbon (1.7 g/cc) and 30 cm of
concrete and the rest of the absorbers are made up of iron.
For the J/1) detection, an additional 100 cm absorber will
be used at the end of the 4¢" station. Hits after this thick
absorber will be collected by transition radiation detector
(TRD), which will be used as the trigger detector for J /v
measurements.

Figure 1: The 5th MuCh absorber, made up of cast
iron. The entire physical volume is divided into ten (10)
blocks, out of which eight (8) blocks are of dimension
500x55x100 cm® and the two (2) opening blocks are of
dimension 220x60x 100 cm®. The separation between the
two successive absorber blocks is kept large for visibility.

In this report, our latest simulations corresponding to
the realistic design of the MuCh fifth absorber is re-
ported. The design dimension of the 5" absorber is
500x500% 100 cm?® with an opening block of dimension
60x60x100 cm? for the beam pipe. Investigations re-
lated to MuCh mechanics revealed that due to the large
volume of the absorber, it is very difficult to produce a
monolithic iron block of the said dimension. As a vi-
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able alternative, two different geometry variants are con-
sidered for the MuCh 5** absorber namely cast iron and
rolled iron configuration. In the cast iron configuration,
the entire absorber is made up of ten (10) iron blocks.
Among the ten (10) blocks, eight (8) blocks are of dimen-
sion 500x55x 100 cm? and the remaining two (2) opening
blocks are of dimension 220x60x 100 cm®. In Fig. 1, a
schematic view of the absorber geometry for the cast iron
configuration is shown.

In the rolled iron configuration, the entire absorber vol-
ume is made up of fifty (50) iron blocks. Among these
fifty (50) blocks, forty-four (44) blocks are of dimension
500x 10x 100 cm?® and the rest six (6) blocks are of dimen-
sion 220x10x 100 cm?. In Fig. 2, the schematic view of
the absorber plate with rolled iron configuration is shown.

Figure 2: The 5'" MuCh absorber, made up of rolled iron
configuration. The entire volume is divided into fifty (50)
blocks, out of which forty four (44) blocks are of dimension
500x10x 100 cm® and remaining six (6) opening blocks
are of dimension 220x10x 100 cm3. The separation be-
tween the absorber blocks is kept large for visibility.

In both cases, the opening block of dimension
60x60x 100 cm® along with an aluminium shielding is
used with a 50 cm diameter hole for the beam pipe. A
3 mm gap is maintained throughout the simulation be-
tween the aluminium shielding and iron blocks to make the
system more realistic. Due to the surface finishing, there
may have some gaps between the iron blocks and that sev-
eral gaps in between the absorber blocks are simulated with
realistic MuCh set up including the 5 absorber.

To investigate the effect of modular absorber design
on the physics performance of the muon system .J/¢ —
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. _ gap configurations are shown in Fig. 3 and respective val-

2 i f;lse‘;"’r::‘zz'n‘f:::'a“:n ues are tabulated in Table 1. D}lg to lvess statistics, the error

bars are large and that is why it is difficult to conclude the

‘ ( effect of gaps on the pair reconstruction efficiency and S/B

‘ values. Work is under progress to simulate higher statis-

T l | l tics, to reduce the statistical uncertainty and stabilize the
obtained results.
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Figure 3: Variation of pair reconstruction efficiency (top) &
signal to background ratio (bottom) with different geome-
try configuration and the gaps between the absorber blocks.

5t absorber Gaps b/w €1/3 S/B
configuration | blocks (mm) (%)
cast iron 0.0 2.11(+0.04) | 0.177(+0.10)
cast iron 3.0 2.10(+0.06) | 0.112(+0.03)
cast iron 6.0 2.11(+0.04) | 0.138(+0.03)
cast iron 9.0 2.15(+0.06) | 0.179(+0.07)
cast iron 12.0 2.11(+0.08) | 0.158(+0.08)
cast iron 15.0 2.16(+0.08) | 0.284(+0.11)
rolled iron 0.0 2.14(+0.08) | 0.233(+0.04)
rolled iron 3.0 2.10(+0.06) | 0.136(+0.05)
rolled iron 4.0 2.11(+0.10) | 0.120(+0.10)
rolled iron 5.0 2.14(+0.08) | 0.180(+0.07)
Table 1: Reconstruction efficiency and Signal-to-

background ratio for J/1 in central Au+Au collision at
10 AGeV for different geometry configurations.

uTp~ is chosen as the di-muon signal. The updated
muon software as available within the CbmRoot frame-
work (CBMROOT TRUNK, Revision no. 15516), is em-
ployed to estimate the pair reconstruction efficiency (€5,
(%)) and signal to background ratio (S/B) in 10 AGeV
central Au+Au collision, for different gaps between the ab-
sorber blocks. For each configuration, a total of 10° events
are simulated. A set of track quality cuts are applied to
the reconstructed global tracks to identify the muon track
candidates. Reconstructed global tracks having associated
STS hits > 6, MUCH hits > 10, TRD hits > 3, TOF
hits > 1, X%, 400 < 3.0, X375 < 2.0, X3pp < 3.5 and
X?WUC g < 3.5 are selected as valid muon track candidate,
originating from the decay of JJ/1. The signal is extracted
from the embedded set of events using the Monte Carlo
(MC) information (mcpdg = + 13 & GeantProcessld = KP-
Primary). The variation in €/, and S/B, due to different
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The primary aim of mCBM, a FAIR Phase-0 experiment
at the SIS18 facility of GSI, is to develop, commission and
to optimize the performance of the detector subsystems in-
cluding the software chain and preparation of offline and
online data analysis platform. Due to very sensitive self-
triggered electronics high noise is a major problem in the
data analysis therefore identifying and removal of the noise
due to noisy channels is the first step towards time off-
sets correction between subsystems and then event build-
ing. This report is on development of an automatized tech-
nique to find out noisy channels in general for fixed target
experiment and specific to mMUCH setup. mMUCH is
comprised of 2 Gas Electron Multiplier (GEM) trapezoidal
shaped modules in mCBM with around 2000 readout pads
(channels) [1]. The spill structure or digi (hits) count rate
with function of time obtained from the mMUCH in Fig-
ure 1(a) gives an insight of the volume of noise in data,
as there is an observable baseline which is basically due
to noisy channels of the detector’s readout Front-End Elec-
tronics (FEB). In an ideal scenario the count rate baseline
should be zero or in other words the detector should give
no counts during off-spill. One method to identify good
channels is to simply apply a threshold in the count rate
from each channel during off-spill, such that when there is
no beam, this count should be of order of zero. The count
rate in channels vary with detector voltages and other elec-
tronic parameters that are subject to fluctuations and vary
run to run. The main challenge is determining the threshold
and it needs precise human intervention otherwise incorrect
threshold may filter out a channel that is good and may lead
to loss in data. To automatize the process of distinguishing
noisy channels from good channels, two functions f; (x,y)
and fy(x,y) where x and y are on-spill and off-spill counts
respectively, has been used. This is done by comparing the
channel count rates during off-spill as well as during on-
spill. By selecting a cut in this ratio, we can separate noisy
and good channels. To make the selection cut universal and
run independent we took the normalised ratio:

onspill count rate — of fspill count rate

ratio =
T onspill count rate + of fspill count rate

ey
the value of this ratio will always be ~1 for good channels
and ~0 for noisy channels which is shown in Figure 1(b).
Figure 2(a) is a 2D representation of the method in dis-
criminating noisy channels. To make more precise simi-
lar ratio function of on-spill ADC and oft-spill ADC value
has been calculated for each channel. Figure 2(b) shows
the average ADC values during on-spill and off-spill vs

ratio,orm. This has also been considered for identifying
true noisy channels. For instance we are using a cut like
0.6 in the ratioy, o, to mask the noisy channels.
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Figure 1: (a) Left: Spill structure of GEM1 (Run 143)
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Figure 2: (a) Left: 2D plot representation of noisy chan-
nels separation method, (b) Right: Average ADC of the
channels vs ratio,, o, during on-spill and off-spill

The discussed technique is used for March 2019,
November 2019 and March 2020 mCBM beamtime data
analysis and could successfully find out the noisy channels.
The on-spill and off-spill regions in the data is determined
using a cut in TO (trigger) digis. It has been verified that
the method works independent of detector biasing voltage.
An automatized noisy channel detection method has been
developed for the mMUCH detector and used for mCBM
experiment data analysis. The same can be used for other
subsystems where noisy channel is a big issue for identi-
fying the signal. We are working on building algorithm to
automatically select the cuts on TO digis to define on-spill
and off-spill timeslices which is input for the method.

We are thankful to Dr. S. Chattopadhyay, Mr J. Saini
and Dr. A. K. Dubey for their valuable suggestions in this
work. We would also like to thank Mr. A. Kumar, VECC
and Mr. A. Seal for their help.
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Performance study of the first two stations of CBM MuCh cooling system
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The Muon Chamber (MuCh) system of the CBM ex-
periment is designed for the identification and tracking of
muons which are produced from the decay of low mass
vector mesons and J/¥ in high energy heavy ion colli-
sions in the beam energy range from 4 to 11 AGeV/c.
The MuCh system consists of several segmented hadron
absorbers interspaced with tracking stations. Each track-
ing station comprises of triplet detector layers. Sixteen
and twenty Gas Electron Multiplier (GEM) detectors are
proposed to be installed on the aluminium plates in each
layer of the first and second stations, respectively. A sin-
gle module of first and second stations is fitted with 18 and
15 Front End electronic Boards (FEBs), respectively, for
the signal collection from the GEM modules. Each FEB
produces around 3-4 W of heat during operation. As a
consequence, around 7 kW heat is generated from the first
two stations. This large amount of dissipated heat within
a confined space results in the rise of temperature at the
surface of the FEBs and at its vicinity. The FEBs used for
the MuCh detector are very sensitive to temperature and
have a favourable temperature range, i.e 20°C — 25°C, for
their operation. The detectors for the first two stations of
the MuCh system are GEM based as discussed earlier, and
the gain of the detector is found to depend on the ambient
temperature. The stable running of the detector and FEBs
therefore requires a stable ambient temperature within the
acceptable range which in turn demands the necessity of
continuous draining out of the dissipated heat. A cooling
system using demineralized water as a coolant is under in-
vestigation [1, 2, 3, 4] as a solution to the above require-
ment. In the present work, two different arrangements of
the water distribution have been used to study the perfor-
mance of the cooling system.

A test frame has been developed at Bose Institute,
Kolkata using aluminium extrusion and plywood of size
244 cm x 244 cm for testing purpose. A setup of three
modules (aluminium plate with water channel inside) as
shown in Figure 1 has been used to study the cooling effect.
Module 1, 2, and 3 are of thickness 6 mm, 12 mm, and 10
mm respectively and area 2883 cm?, 4233 cm?, and 4233
cm? respectively.

Heating elements that are 10 2 resistors with flat sur-
face were fixed at designated places of the FEBs to produce
comparable amount of heat on the surface of cooling plates.
To take the heat away, chilled distilled water was circulated
through the water channels inside the modules from a water
chiller using a submersible suction pump. The water level

*phd1701151005 @iiti.ac.in

Figure 1: Test setup of three cooling plates build at Bose
Institute.

of the chiller was kept at a height of 84 cm from the floor.

During the entire experiment, room temperature was
maintained at 25°C. Each module was heated up until it
achieved a stable maximum temperature (around 35°C).
During this heating period, cooling was completely off.
Chilled water of temperature in between 16.4 to 19.5°C
was thereafter circulated until a stable lower temperature
was reached. Note that, water from chiller was brought to
the top of a plywood structure, at height of 250 cm, (de-
noted as ‘source’) before sending to the inlets of the mod-
ules. This is to simulate the position of the water source
in the main CBM experiment which might be at a height
of around 250 cm. Similarly, the outlet tube from each
module was brought to the same height (denoted as ‘sink’)
before sending back to the chiller. The temperatures at dif-
ferent positions on the surface of the cooling plate were
measured with the help of six LM35 temperature sensors.
The cooling performance study was carried out for the fol-
lowing two configurations of water distribution:

1) Flow of water through three modules connected in se-
ries: In this configuration, three modules were connected
in daisy chain with outlets of the first and second modules
connected to the inlets of second and third modules respec-
tively. Therefore, inlet water temperature was expected to
be different for each module. The heat liberated from the
first module was expected to increase the temperature of
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water which was being used at the inlet of the second mod-
ule and so on.

2) Flow of water through three modules connected in
parallel: Each module had direct inlet from the source and
direct outlet to the sink. This setup was made by using
push-in pneumatic connectors and pneumatic polyurethane
(PPU) tubes of 10 mm and 6 mm diameter.

The results from these two configurations have been
shown in table 1 and 2. Comparison of the temperature

Temp. attained
Heat after after
Module | produced | heating (°C) | cooling (°C)
(W) Min. | Max. | Min. | Max.
1 72.5 30 33 20 22
2 78.2 29 31 23 25
3 82.2 33 36 25 27

Table 1: Performance of cooling system when modules are
connected in series.

Temp. attained
Heat after after
Module | produced | heating (°C) | cooling (°C)
(W) Min. | Max. | Min. | Max.
1 72.5 31 35 20 22
78.2 29 33 23 26
3 82.2 31 34 20 24

Table 2: Performance of cooling system when modules are
connected in parallel.

reached after cooling (from Table 1 and 2) shows that the
cooling effect was similar for first two modules whereas
it was improved for the third module due to parallel water
distribution. In the view of developing a more realistic sit-
uation, the heating and cooling of the module were started
simultaneously for parallel configuration. It was observed
that a constant temperature can be maintained throughout
the operation avoiding initial rise in temperature due to
heating. Same experiment was repeated with source and
sink at height of 130 cm (fig. 1) to see the effect of source
height and no significant change was observed.

A realistic model of water distribution through the mod-
ules as shown in Figure 2 is being proposed for one layer of
MuCh station where a 20 mm diameter blue colored tube,
providing chilled water from both left and right sides, will
be distributed to 8 modules by using a manifold distribu-
tor system of 6 mm diameter blue colored tubes in both
sides. The outlet of 8 modules will be circulated back to
20 mm diameter red colored tube using a manifold reciever
of 6 mm diameter red colored tubes. Use of remote control
valve to control the water flow at inlet of each module is
under consideration. A full setup as shown in Figure 2 is
under preparation and will be installed and tested at Bose
Institute, Kolkata for validating the performace of the cool-

Muon System

Figure 2: Proposed model for first layer of first station.

ing system before finalising the design for the real experi-
ment.

We would like to thank Mr. Jayant Kumar of VECC, and
Mr. Subrata Das of Bose Institute for their help in building
the plywood fixture for the test setup. Special thanks to
Dr. Saikat Biswas of Bose Institute for his suggestions and
fruitful discussions.
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mCBM slow control system for mMUCH Detector

V. Negi*, J. Saini, and S. Chattopadhyay
VECC, 1/AF, Bidhan Nagar, Kolkata, 700064, India

Introduction

The mini CBM experiment, considered as FAIR phase-0
experiment and its results are very crucial for understand-
ing the complication and performance of the full CBM
experiment. This paper describes the indigenously devel-
oped Slow Control System for the mini-MUCH detector in
mCBM experiment. The content mainly emphasizes on the
reliable operations of the slow control system in the radia-
tion environment. The system hardware, firmware and soft-
ware were designed to mitigate any corruption of firmware
at different levels. The system had been validated in the
harsh environment of mini CBM experiment for more than
100 hours. Useful parameters were controlled and moni-
tored for the entire data taking period.

mCBM slow control set up

All the hardware components of slow control system
were subjected to accelerated life test with Gamma irradi-
ation (acceleration factor 100000). The fault tolerance test
had been conducted at BARC Mumbai with 14 Mev, neu-
tron generator. The bulk damage and SEU cross section
of 14Mev neutron is more than 1 Mev [1]. Dose rate dur-
ing the experiment was approximately 1000 times of CBM
dose rate. As shown in Figl, mCBM slow control hard-
ware comprise of four active control boards in mCBM ex-
periment. There were two low voltage distribution boards
which were powering thirty individual channels of two
GEM detectors module, one sensor board which reads cave
parameters (pressure, temperature and humidity). A master
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Figure 1: mCBM slow control Hardware.

FPGA board was placed outside the radiation zone which

* vnegi@vecc.gov.in

gives primary protection against SEUs. REBOOT and
SHEILD are the primary output of master FPGA board.
REBOOT take cares of periodic firmware scrubbing of sec-
ondary controller boards (FPGA Boards inside the cave).
Once the initial configuration is done SHEILD electrically
isolates the secondary controller boards from their respec-
tive hardware (LV and sensor boards). In this way radiation
induced firmware errors were mitigated. All four boards
were communicating to the much slow control server ma-
chine via dedicated mCBM network via UDP connection.

mCBM control and monitoring software

As shown in Fig2 Slow control machine talks to FPGA
controller boards via UDP link. FPGA board activates SPI
link and communicates with various channel of LV board
individually via Control Multiplexer. Similarly FPGA con-
troller allows us to get monitoring parameters ( voltages,
current of individual channel and other cave parameters
like pressure humidity and temperature. Monitoring mul-
tiplexer selects the concerned channel and ADC digitized
it and fetch it to FPGA via SPI link. Matlab based GUI
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Figure 2: mCBM Data flow.

Application compatible with Linux and Windows were de-
veloped which requires no additional software installation.
Successful and reliable monitoring, control and data log-
ging of 2 LV-BOARDS (30 individual FEE boards) and
one sensor board (Cave parameters humidity pressure and
temperature) were done. Radiation hard firmware design
had been developed and tested in the harsh environment
of CBM experiment. No appreciable change in electrical
parameter of any component was observed during this ex-
periment.
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Correlation between mMuCh hits and projected mTOF tracks in the
miniCBM setup

E. Nandy, V. Singhal, A. Aggarwal, A. Kumar, A.K. Dubey, J. Saini, C. Ghosh, V. S. Negi, S.
Chattopadhyay
VECC, Kolkata, India
We report the analysis of mCBM@SIS18 data taken at

GSI, Germany during March-May, 2020 with the realis-
tic setup for each sub detectors; mSTS, mMUCH, mTRD, ;

8 20000 —

mTOF, mRICH and mPSD as shown in Fig.1. Data were o

taken for Pb2%6, Pb208 & Bi?99 at 1.075 AGeV with differ- -

ent intensities. We report here an analysis in which tracks j:z’

formed by mTOF layers have been projected on one GEM s

chamber. This shows the ability to use GEM layer for wom

tracking. A good spill structure is observed for MUCH, Q; SRR« SUNTT R I |
TO & TOF as shown in Fig.2 indicating the frequency of e
beam on-and-off. As a first quality check, we obtain nice i HFToGenFER]

250 FEBO-TO

time correlations between two GEM chambers and with
TO as shown in Fig. 2(top) and Fig. 2(bottom) respec-
tively. A time-based event reconstruction is employed to
build events from the raw data. Very good spatial corre-
lation is observed (not shown) between the hits from two
GEM chambers and between GEM-1 and TOF which indi-
cate coherent working of sub-detectors. Fig.3(top and bot-
tom) shows spatial correlations in X and Y-coordinates, for ~ Figure 3: (top) Time correlation between two GEM cham-
GEMI hits and TOF tracks projected at GEM1. The ob-  bers (bottom) time correlation between a GEM chamber
served time and spatial correlations between detector sub-  and TO

systems demonstrate a first conceptual verification of the

free-streaming DAQ system of CBM and of GEM cham-

bers as tracking detector.
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Figure 4: (a) X-X correlation between projected TOF
tracks on GEM-1 with GEM1 hits (b) Y-Y correlation be-
tween projected TOF tracks on GEM-1 with GEM1 hits

Figure 2: Spill structure by different subdetectors
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Summary on the TRD project
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nstitut fiir Kernphysik, Frankfurt am Main, Germany

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 Ring Imaging CHerenkov (RICH) detector above mo-
menta of p ~ 5 GeV/c. In this region the TRD should
provide 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/3) 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/CO-
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 + 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 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 detector in the muon configu-
ration of CBM.

Detector module EDR

The outer detector modules (type 5 and 7) have been
thoroughly evaluated in an engineering design review
(EDR) on March 25th, 2020, at the IKP in Miinster. While
generally no critical issues have been found, several points
have been identified where further simplifications and im-
provements might be possible. One important outcome of
the review was the observation that state-of-the-art circu-
lating gas systems, such as used for the ALICE-TRD, can
provide gas pressure stabilities below 0.1 mbar variation.
Such an environment would allow to construct the entrance

window of the readout chambers, which is planned to be
reinforced by a grid of carbon fibre ledges, with less ma-
terial as currently foreseen, as the current design assumes
variations of 1 mbar. Furthermore, the permeability of the
entrance window foil to water might not be of real con-
cern in terms of detector performance and ageing. How-
ever, it would increase the frequency with which the gas
purifiers will have to be exchanged. An important aspect,
which might require special attention are the capacitors in
the HV filter boxes. Their capacitance should be chosen
as low as reasonably possible and a thorough QA proce-
dure needs to be established. Also, all materials used in the
chamber construction should be tested with respect to their
ageing properties and potentially further long term tests at
the CERN-GIF++ facility should be foreseen.

Infrastructure

A detailed design of the TRD support structure has been
made within the recent year. It complies with the space
contraints imposed by the other detectors within the CBM
setup and still allows to access every individual TRD layer
for maintenance purposes. This is achieved by moving
the inner frames, on which the layers are mounted, in z-
direction, i.e. perpendicular to the beam direction, within
the outer frame of the support structure. Single modules
can then easily be installed or removed as they will be
attached to the inner frame with a simple clamp mecha-
nism. The outer frame can be moved as a whole along the
z-direction, i.e. along the beam direction, in order to be
able to position the TRD in different measurement config-
urations (e.g. electron and muon setup). The design of
the support structure is described in detail in [1]. Ongo-
ing work focuses on the routing of services, in particular
flexible gas pipes, cable trays and LV bus bars.

While the external forces on the modules are taken care
of by the inner support frame, the internal forces generated
by the wire planes have to be absorbed by the frames of
the individual modules. For the inner detector region this
was recently addressed with mechanical stress simulations,
based on the ANSYS™ framework [2].

Developments on the gas system have been taken up in
the Miinster group, based on the example of the gas sys-
tem for the ALICE-TRD. So far, gas connectors have been
designed and simulations on the resulting pressure distri-
bution for within the different readout chambers have been
performed. It is planned to setup a small test system in the
laboratory to evaluate all components of the planned gas
system.
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Readout electronics

The readout electronics for the outer modules is based
on the SPADIC chip, which has been developed at the
ZITI in Heidelberg. About 16.000 ASICs of latest version
SPADIC 2.2 have been produced in CBM-wide engineer-
ing runs, which in principle would be sufficient to equip the
complete TRD. However, during extensive tests, in particu-
lar during the test beam at DESY in summer 2019, several
issues have been identified which might require a further
submission after some smaller design adjustments. Four
of the SPADICs will be operated simultaneously on one
Front-End-Board (FEB). The FEBs have been designed at
the IKF in Frankfurt and are now available as prototypes.
A description of the FEBs is given in [3]. The produced
boards are currently being tested in the laboratory, as well
as in the mCBM setup. New firmware for the readout has
been written, which incorporates a newly developed micro-
slice format and works within the AFCK based readout
scheme. It has successfully been used during the DESY
test beam and is further been developed during the mCBM
run [4].

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. The development of this
readout chain has been completed and tests are planned to
evaluate its performance in a high radiation level environ-
ment and at high data rates.

Software and reconstruction

The digitization procedures for the TRD have been re-
designed in the course of the recent year. They are now im-
plemented for both configurations, rectangular pads in the
outer chambers and triangular pads in the inner ones. Both
digitizers include a detailed description of the response
of the different electronics (SPADIC and FASP) and have
been validated against test beam data. The new simula-
tion software has also been prepared for 4D-reconstruction
and now allows to investigate the hit reconstruction perfor-
mance as a function of the mean interaction rate [5].

Another important ongoing study is addressing the per-
formance of the inner detector region equipped with tri-
angular readout pads [6]. This configuration provides a
hit position resolution in two dimensions which is signifi-
cantly higher than the one achievable with rectangular read-
out pads. It is now being evaluated what kind of improve-
ments in the physics performance can be realized with this
solution. The outcome of this study will be the basis of
a planned addendum to the TDR technical design report,
which is supposed to describe the high resolution design of
the modules in the inner detector region.

Transition Radiation Detector

Test beam activities and mCBM participation

In addition to these simulation studies, detailed analy-
ses of recent test beam data have been advanced. Data
from the 2017 test beam at DESY were investigated to ob-
tain informations on the position resolution with an elec-
tron beam [7]. In 2019 a further test beam with two TRD
modules was performed at the DESY electron beam. In ad-
dition to do a validation of the readout electronics, the aim
of this campaign was to systematically characterize radia-
tors of different thicknesses. First results of this study are
presented in [8] and compared to simulation results. This
study will allow to improve the simulation of the transi-
tion radiation (TR), which has to rely on a momentum de-
pendent parametrization of the TR production. A detailed
tuning of these parameters will be the basis of future simu-
lation studies.

The TRD has already been part of the mCBM setup with
two modules in the last year. However, due to manpower
issues, the readout was not ready for a participation in the
data taking at previous runs. Meanwhile, this problem has
been solved and the TRD is prepared for joining the mCBM
data stream in the 2020 run. In addition to many improve-
ments in the hardware, a completely new firmware has been
developed and a new message unpacker software has been
implemented [4]. The analysis of the mCBM run will pro-
vide information on the operation of the TRD in a high hit
rate environment and thus be an important reference for the
production readiness review planned in 2020.
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TRD support structure and maintenance case*
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As the TRD is foreseen to be mounted on the cave rail
system, we describe here the current planning status of the
detector-carrying support structure and the mode of access
to the TRD modules in possible maintenance phases be-
tween the annual beam times.

Inner support structure

The inner part of the support structure is carrying the
single TRD modules and is located within the acceptance.
The four layers are constructed with minimised material
budget. The TRD will be installed from its single detector
modules of 54 x 54 cm? or 99 x 99 cm?, respectively, in-
side the cave into the layers of the inner support structure
[1]. For efficient installation, a mounting clamp as shown
in Fig. 1 is foreseen: the chambers are inserted towards the
pre-mounted clamps and thereby already hanging safely,
while being fully secured and adjusted in a second move.
Subsequently, the radiator boxes are added with clasps onto
the detectors.

@

|

Figure 1: Mounting of a TRD module in specific clamp.

Also the routing of services and cables is currently be-
ing designed as part of the support structure. A full-size
demonstrator sector of the inner support structure is avail-
able in Miinster for this purpose.

Expected weight of one TRD layer carried in its inner
support structure is up to 1500 kg. One empty layer of
inner support structure accounts for 350 kg.

Outer frame and rail mounting

The four layers of the inner structure will be installed in
rails (z-direction) inside an outer support structure. All
sections, the four inner and the outer, are to be finished
prior to detector installation. Outer and inner structure are
installable with cold techniques. The outer structure is the

*Work supported by BMBF grant 05P19PMFCI.

Figure 2: TRD in measurement configuration.

actual, solid carrier of the overall TRD, standing on the
cave rail system (z-direction). The full system is rendered
in Fig. 2. Cave rail sliders enabling minor overall adjust-
ment in y are subject of current discussion. Services will
be brought to TRD in cable drags or comparable structures,
ensuring the required flexibility for movement on the cave
rails () and of detector layers in the inner ().

The weight of the outer structure (only) is about 5000 kg.
With a movement system for the inner layers, an upper
weight estimate for the full TRD is 12500 kg. Main source
of uncertainties are services and cables.

Maintenance case

During the installation phase of single modules and com-
pletion of the cabling, but also to enable later maintenance,
access to all parts of the detector system needs to be de-
fined. Exchange of single TRD modules is supposed to
be possible. The time frame for such access is during the
annual beamtime break of CBM. Maintenance access is re-
alised by movement of complete TRD layers against the
others in z-direction. By moving a layer only in total, most
of the cabling and Xe gas filling can be possibly preserved
during such interventions. Maintenance configurations are
shown in Fig. 3: by the aforementioned x movement, ac-
cess to one or the other half of a layer is enabled. Work-
flows are being prepared, including the usage of scaffolds
from front and rear of the layer.
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Figure 3: TRD in different maintenance configurations. Layers are shifted in total to enable access to detector modules.
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Studies of mechanical stress for the high resolution TRD*
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The alternative solution proposed for the inner part of the
Transition Radiation Detector (TRD) wall, tagged as High
Resolution (TRD-HR) [1], has to fulfil strict conditions in
terms of construction and operation to accommodate high
particle rate measurements with a minimum material bud-
get. The light structure of the TRD-HR, on the other hand,
has to support the stress induced by the multi wire cath-
ode electrode with 100 cN/wire tension during construc-
tion, and due to the gas flow during operation. The me-
chanics of the flow is also subject to constraints as it has to
be kept in optimal operation conditions (density, concen-
tration, temperature, etc.) throughout time and space when
irradiated with approx. 10° part/cm?/s. In order to opti-
mise the structure and its dynamics wrt. the above men-
tioned constraints, mechanical stress simulations, based on
the ANSY STM framework, were performed.

Figure 1: The chamber geometry and graphical illustra-
tions of the parametric analysis for the entrance window
mechanical structure.

The studies of the static chamber deformation during
construction were concentrated on the following aspects:
frame (see Fig. 2 left) and entrance window (see Fig. 2
right) deformations and wire tension variation. A paramet-
ric simulation was realised for different possible structures
of the entrance window: w/o carbon fiber reinforcement
on both sides of the honeycomb layer and for different en-
trance window thicknesses (see Fig. 1).

A 9 mm thick honeycomb sandwich structure for the en-
trance window surrounded by carbon fibers seems to be
optimal in terms of minimal Transition Radiation (TR) ab-
sorption and gas gain variations. No significant variations
in the wire tension were observed in the calculations af-
ter releasing the frame from the assembling support during

*Work supported by Romanian Ministry of Research and Innovation
NUCLEU Project Contract PN 19060103.

Figure 2: The deformation of the frame along cathode
wires direction (left) and of the entrance window perpen-
dicular to its surface (right).

construction.

The gas flow was simulated assuming rigid and fixed
chamber walls. The boundary conditions were set such that
a total inward mass flow of 6 1/h ArCO5 was circulated at
fixed normal output pressure. We have studied three con-
figurations for the inlet/outlet geometries (see Fig. 3 left):
linear distribution pipes for 10 inlets and 10 outlets, re-
spectively (a), two parallel (wrt. pad plane) pairs of in-
let/outlet (b) and two perpendicular (wrt. pad plane) pairs
of inlet/outlet (c).

Gas velocity for each volume cell (m/s)
100

Figure 3: Three inlet/outlet geometries considered for the
TRD chamber (left) and the distribution of gas velocities in
the chamber (right).

We have recorded and compared the 3D-maps of the
flow for the three configurations. No significant differences
were observed for the given boundary conditions. A mean
value of less than 0.1 m/s (see Fig. 3 right) was calculated
for the velocity of the gas flow inside the chamber for all
cases with an isotropic distribution.

Static and dynamic stress simulations were performed
for the TRD chambers within the ANSYS framework. An
entrance window geometry optimised in terms of perfor-
mance and construction is proposed. An estimate of the
mean gas flow velocity was given as input for a calculation
of the burned-out gas ratio in high counting rates.
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Update on the development of Front End Boards for the TRD*
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The TRD will be read out by Front End Boards (FEB)
which are currently being developed, tested and optimized
at the electronics department of the IKF. The FEBs are
equipped with Self-triggered Pulse Amplification and Dig-
itization ASIC (SPADIC) chips [1], which were developed
at ZITI and are the central component of the FEE.

The SPADIC 2.2

Each SPADIC has a single downlink for configuration
and two uplinks for data readout. Version 2.2 implements
an optimized message format compared to version 2.0,
which allows for a higher data throughput. In addition, the
new BGA package of version 2.2 made the development of
a more compact FEB possible [2]. This is necessary due to
tight space constraints on the back of the innermost detec-
tor chambers and to reduce the overall material budget of
the TRD modules, as the FEBs will be mounted inside the
active area of the detector. To decide if version 2.2 can be
the final version or another iteration is needed, the ASIC
has been tested in the laboratory and in a test beam cam-
paign at DESY in 2019 [3]. It is further evaluated within
the mCBM runs in 2020.

FEBs for nCBM

% T LVDS-FANOUT

SPADIC

— cLocK
TRACE LENGTH
— DOWNLINK MATCHING

Figure 1: Schematic view of the signal distribution on the
SPADIC 2.2 FEB.

On FEBs with multiple SPADICs the clock and down-
link can be shared between the ASICs. For this purpose the
clock and downlink are distributed via two LVDS fanout
buffers (see Fig. 1). All trace length are matched to com-
pensate for different signal propagation delays.

Even though the space constraints on the back of the
large detectors for mCBM are less challenging in compar-
ison to the most inner chambers in the final TRD design,
the design goal was to develop a FEB that could also fit
on chambers with the highest density. Thanks to the new

*Work supported by BMBF-grant 05P19RFFC1

Figure 2: Rendering of the quad SPADIC 2.2 FEB used at
mCBM.

BGA package it was possible to design a FEB with a width
of only 33.75 mm (see Fig. 2). 12 FEBs were manufac-
tured to populate the two TRD-chambers which are part of
the mCBM-setup. The low voltage for operating the FEE
is delivered by a Power Distribution Board (PDB). Each
PDB is equipped with six radiation tolerant DC-DC con-
verters (FEAST-MP). As of April 2020 the first chamber is
installed at mCBM and runs successfully [4, 3].

Tests of SPADIC 2.2

As already mentioned, rigorous tests are needed to de-
cide if the current version is suited for the final experi-
ment. Early results hint at possible timing issues inside the
ADC of some channels of the SPADIC. Further tests have
to show if this behaviour can be fixed by an adjusted exter-
nal circuit and if others unknown bugs exist. Furthermore,
every ASIC needs to be individually tested before they are
mounted on the FEB. For this a chip tester was designed by
ZITI and an accompanying test software was developed at
IKF.
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Recent developments of digitization and reconstruction algorithms for the
TRD with rectangular pads*
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Figure 1: Left: GARFIELD simulation of the drift times in
one TRD drift cell [1]. Right: Simulated drift time distribu-
tion for electrons from primary ionizations in the gas volume
of the TRD.

Front-end simulation

The latest version of the readout ASIC for the Transition

Radiation Detector is the SPADIC version 2.2, which
is now continuously tested with the available detector
modules. One of the primary endeavors from the software
side of the project was the accurate description of the
front-end electronics in the simulation. Especially, precise
simulations of high rate conditions are indispensable, since
these conditions are currently still difficult to measure with
a prototype setup.
The properties of the front-end electronics and the time
evolution of the signal pulses were implemented at the
beginning of 2019 and were further improved in the
last year. The time distribution of the signal is heavily
influenced by the time the electrons from the primary
ionizations need to reach the anode wires. Figure 1 (left)
shows the calculated drift times, which were obtained with
a GARFIELD simulation. The positions of the primary
ionizations are calculated by extrapolating the entrance
point into the gas volume and randomly determining the
ionization points according to the Bethe-Bloch formula.
The simulated signal is resulting from a superposition
of the individual electron clusters taking into account
their respective distance in time, allowing for potential
multi-hits in pile-up scenarios.

The implementation of the front-end electronics also
provides a realistic description of the trigger logic. Any
significant energy contributions are supposed to create a
“self-trigger” in the respective readout channel, which then
additionally forces the readout of the two adjacent channels
to minimize information losses due to thresholds. Figure 2

*Work supported by BMBF grant 05P19RFFC1 and by HGS-HiRe.
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Figure 2: Distribution of simulated signal pulses in a cen-
tral Au+Au collision at 12 A GeV, simulated with UrQMD.

Figure 3: Signal pulses in a pile-up scenario with exactly
two particles contributing to the signal. The times ¢5 and ¢;
correspond to the time of the closest electron cluster to the
anode wire of the respective particle.

shows the full distribution of signal pulses generated in the
10% most central Au+Au collisions of a 12 A GeV as simu-
lated with UrQMD. The results include a stochastic (Gaus-
sian) noise on each ADC sample, is visible as the broad-
ening of the baseline at the bottom. Additionally, there is
a crosstalk implementation, which assumes a signal shar-
ing of 5% between neighboring channels. The time evolu-
tion of the signal in an inter-event pile-up scenario can be
seen in Fig. 3. The z-axis shows the average amplitude of
the simulated response and it can be seen that the second
particle creates a distinct second maximum in the message
provided the distance in time between the two particles is
large enough.

Time evolution of the signal and rate effects

It is expected that pile-up scenarios with a time distance

114



CBM Progress Report 2019

02 04 06 08 1

Erec - Emc / Enc

27 o8 -06

04 -02 O

Figure 4: Energy resolution of a self-triggered signal pulse
as a function of the time distance in a pile-up scenario of
exactly two particles.
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Figure 5: Mean relative difference between reconstructed
and MC signal energy as a function of the mean interaction
rate.

below 200 ns between the individual particles can not be
separated by the multi-hit logic, which can be seen at the
intersection at low dt= t, — ¢; in Fig. 3. Therefore, the en-
ergy resolution is expected to decrease for very large mean
interaction rates. The energy resolution of self-triggered
channels simulated with the new digitizer, for a multi-hit
scenario is presented in Fig. 4 with the distance in time
between the charged particles on the y-axis. The resolu-
tion decreases towards dt-values of about 250 ns, where the
particles can not be separated properly any more. Further
investigations of the multi-hit case are ongoing. Figure 5
shows the energy reconstructed for the simulated digis in
the TRD in comparison to the reconstructable MC energy
for a given channel as a function of the mean interaction
rate and calculated separately for self- and forced-neighbor
(FN)-triggered signals. The FN signals contain a smaller
amount of deposited energy, which makes them more sen-
sitive to small contributions from additional particles.

Hit reconstruction and track matching in the
event-based mode

The total reconstructed energy of a given cluster is the
sum of the energies in the contributing channels. The clus-
ter time information is calculated as the average of all chan-
nels associated with this cluster. The time distribution be-
tween incoming events is calculated using a Poisson distri-
bution in the digitization step. The position is calculated as

Transition Radiation Detector
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Figure 6: Resolution of the reconstructed position for the
first detector layer as a function of the reconstructed posi-
tion..
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Figure 7: Efficiency of the matching between the track in
the TRD and the track in the STS as a function of the mo-
mentum.

the center of gravity of the charge distribution of the chan-
nels in the cluster. Due to the relatively large heights of
the individual readout pads in the different module types
(width=0.68cm, height=1.75-12cm), this information is al-
ways more precise in the direction along than across the
pad rows. Therefore, square TRD modules are rotated by
90 degrees every other layer. The position resolution of the
first detector layer can be seen in Fig. 6. The resolution, in
the sensitive direction, is in the order of about 490 pm.

Since there is no four-dimensional tracking algorithm
available yet, these simulations can only be done without
inter-event pile-up in an event-based simulation procedure.
After reconstructing the events, the matching between
the reconstructed tracks in the TRD and the STS can be
compared. Figure 7 shows the matching efficiency as a
function of the particle momentum and the number of
hits, which are associated with the track in the TRD. The
efficiency drastically increases if at least three hits are
found for the TRD track. The matching efficiency for
tracks reconstructed in all detector layers is in the order of
98% above p ~ 1.5 GeV/ec.

References
[1] CBM TRD TDR , GSI-2018-01091
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Reconstruction performance of High position Resolution TRD, modelled in the
CbmRoot framework *

A. Bercuci', V. Catdnescu', M. Petrovici', L. Radulescu', and C. Schiaua'
'National Institute for Physics and Nuclear Engineering (IFIN-HH), Hadron Physics Department, Bucharest, Romania

For the inner 10 modules of the TRD (Transition Radi-
ation Detector) wall of the CBM experiment, an alterna-
tive design is proposed with increased position resolution
capabilities. Such device is thought to add lever arm to
STS (Silicon Tracking System) in high multiplicity envi-
ronments, yielding a more accurate track definition, pile-
up resolution and a better matching with the ToF (Time of
Flight). As the price for construction is driven mainly by
the density of electronic channels per detection unit area,
while for operation by the total data volume, our solution
is bounded to keep such markers fixed wrt. default. The
solution presented here achieves such goals by a qualita-
tively new design of the read-out electrode with heuristic
implications for all detector observables. Effectively, we
have traded some signal timing information for a two-fold
read-out coverage of the active area.

The alternative solution for the inner zone of the TRD
wall, tagged TRD-HR (High Resolution), was imple-
mented physically and tested. Various reports were given
elsewhere [1, 2]. Based on these data and FASP [3] based
FEE electronic tests, we have implemented the new system
in the CbmRoot framework. A tracking” configuration
was selected with Argon as the active gas and the anode
voltage set to Uypode = 1.95 kV. A FEE signal threshold
of Uy, = 50 mV produces a hit reconstruction efficiency
above 99.7 % wrt. MC. The framework provides the envi-
ronment to operate our system, namely the event-by-event
mode (currently the only one available describing low in-
teraction rates) and tracking based on STS-MVD seeding
[4].
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Figure 1: Position resolution wrt. MC at TRD entrance
(z = 441 cm), for the horizontal direction (x - left) and
vertical (y - right) for various tracking elements; the track
model (black), the TRD-HR hit (red) and the TRD-TDR
(blue), respectively, and for both negative (open symbols)
and positive (closed symbols) charges .

*Work supported by Romanian Ministry of Research and Innovation
NUCLEU Project Contract PN 19060103.

From a track definition perspective it is important to
quantify the matching between the ’framework” track and
the corresponding TRD hit when this interaction is done
first, i.e. in layer O of the TRD detector. The track pa-
rameters are saved be fore being eventually updated by the
TRD hit to preserve their independent state. The matching
between track and hit was done using the associated MC-
track as proxy which in turn was computed as the MC-track
with maximum contributions to the STS hits attached to the
track. In order to have an unbiased comparison the UrQMD
particles were propagated also through the default setup
(here tagged as TRD-TDR) and similarly processed. In
Fig. 1 the results for the position resolution are summarized
for the three tracking elements as function of particle mo-
mentum p and charge q. As the multiple scattering domi-
nates at low p, the position resolution of the track exceeds
A =1 cm in both = and y directions close to p = 1 GeV/c
(black symbols in Fig. 1). The intrinsic position resolution
of the default TRD is independent of p and q and levels
at Xy = 0y X 0y = 0.3 x 4.3 mm?. For the HR solu-
tion a two orders of magnitude improvement is found on
the 2D resolution at values of ¥,, = 10 x 850 pum? (see
red symbols in Fig. 1).
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Figure 2: Absolute position shift on the horizontal direction
(z) wrt. MC point in TRD layer O for the same elements
as in Fig. 1 (left plot) and the time resolution at the same
distance from target for the track model and TRD-HR hit

(right plot) against MC info.

The mean values of the x residuals, the systematic shift,
between MC and the three tracking elements mentioned
above, are illustrated in the left panel of Fig. 2 as function
of p and q. For p around 1 GeV/c values of 100 — 300 ym
are registered for the track (black symbols in Fig. 2), which
are comparable with default TRD resolution and more than
10 times larger than the HR o,,. Systematic shifts for TRD
are of few pm for the default (blue) and tenths of pm for
the HR solution (red symbols) around the same momentum
range. To complete the image of track to TRD matching in
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the right panel of Fig. 2 the estimated time resolution is
given for the track model and the TRD-HR! wrt. MC. The
system (detector and FEE) time resolution of 30 ns for all
p and q obtained for TRD is a remarkable performance as
the detector itself is slow, with intrinsic timing in the order
of us. The track time resolution is just above 1 ns at TRD
level with a different behavior for the positively charged
mainly driven by the abundant proton component.

The turning point between independent detection sys-
tems and unified particle trajectories in a CBM-like ex-
periments is the tracking algorithm. Basically, for TRD,
it implements a finding and a parameter update algorithm.
The finding algorithm selects the correct hit from a candi-
date pool, while successful track update depends on both
position and uncertainties to be correctly described by a
linear error propagation model (pulls statistics). Time is a
loose information in TRD wrt. track and therefore is hid-
den by large uncertainties but the position might impose
strong constraints. The candidate selection criterion is the
minimum y? between track parameters and hit space-time
position. Such algorithm should work best for cases where
selector (track) and selected (hit) have comparable uncer-
tainties and the systematic effects of both are smaller wrt.
the average distance between the selected. For the HR case
there are several orders of magnitude difference in spatial
resolutions between the two and for the central regions also
the second condition starts to fail. Additionally, the finding
algorithm is sequential on track quality, best quality tracks
being used first. As such, a double error possibility appears,
in cases when a mis — match is registered first, followed
by a not — found exception on the matched track due to
(correct) hits being already used up previously on a (wrong)
track.
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Figure 3: The fraction, in 5 % steps, of tracks in TRD layer
0 having TRD-HR hits attached as function of the corre-
sponding MC point £ — y coordinates; structures not re-
lated to TRD geometry (chambers edges outlined by black
squares) are clearly seen as sign of systematic effects be-
tween track and hit.

A synthetic view of the finding algorithm outcome is de-
picted in Fig. 3 in terms of its efficiency over the inner
modules region of the TRD station 0. The color code repre-
sents the fraction of tracks having TRD-HR hits attached,

The time response is being currently implemented for the default
TRD model.

Transition Radiation Detector

in steps of 5 % for each location on the wall. Structures
unrelated to the TRD wall geometry are seen in the fig-
ure as sudden changes in the efficiency values over short
distances. Such structures are e.g. the outside border of
20 — 30 cm width with € > 90 %, the 40 cm band extend-
ing around y = 0 with € as low as 70 % or the dip around
y = 0 with even lower efficiencies. Not presented here, but
qualitatively similar, is the track matching efficiency for the
default TRD solution.

yiem]
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Figure 4: Yield of tracks at TRD entrance before updating
with hit info (left) and of rejected TRD hits, although their
x? to track fulfilled the selection criterion (right).

In Fig. 4, causalities for the systematic structures ob-
served in Fig. 3 and the subsequently low global efficien-
cies are searched in the « — y dependence of two observ-
ables. The successfully to TRD layer O propagated tracks
are shown in the left panel and the TRD hits rejected by
the tracking algorithm with x? values matching the selec-
tion criteria on the right. The two representations prove the
tracking efficiency of CBM to be significantly lower in a
40 cm wide region centered around y = 0, while for the
region marked in red in the right panel of Fig. 4, double
tracks seem to be produced, which are randomly matched
with TRD hits.

It has been shown that the STS/MVD seeding has quasi-
blind spots around y = 0 and large areas of piled-up hy-
potheses which render the particle reconstruction efficiency
map fragmented. On the other hand TRD-HR does not suf-
fer from such geometric effects and has orders of magni-
tude better position resolution at a large lever arm from the
target. Such observations suggest that the CBM tracking in
particular and the physics program in general would largely
benefit, if TRD-HR would be used actively in the track-
ing algorithm, i.e directly in the process of track seeding.
The increase in combinatorics for track generation should
be compensated by corrected non-uniformities in the effi-
ciency map and by producing in general much larger track
reconstruction capacities for the CBM experiment, espe-
cially in the hot region at low momentum.
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Position reconstruction in DESY 2017 testbeam data *

A. Puntke' and P. Kiihler!
Mnstitut fiir Kernphysik, WWU Miinster, Germany

Dataset for this analysis

Reported here is an analysis on data which have been
recorded with TRD modules during a testbeam campaign
at DESY in 2017. Detector modules of TRD type 8/2015,
as used now in mCBM, with cathode pads of about 7.2 x
155 mm?, have been crossed directly by DESY/TB22 elec-
tron beam of fix, but variable beam momentum [1].

While the main purpose of the campaign was to per-
form comparative radiator measurements, the dataset is
used here to test position reconstruction of electrons along
the beam axis. For this, data from three TRD modules
with equivalent orientation (y-position reconstruction) are
included, with z-positions at 0, 560 and 1120 mm. The
radiator configuration was as follows: Layer I with the full
PE foam foil radiator of 315 mm overall thickness, layer II
and III with the 15 mm detector-near part only [2].

For readout, prototype version 2.0 of the SPADIC chip
with 240 ns peaking time (1% order shaper) was employed,
data transport via multiple parallel AFCK (synchronised
to timing master) in “Simple-Microslice” mode. The self-
trigger concept of this chip version was not yet optimised
with respect to efficient reconstruction, e.g. displaced
multihit-retrigger can occur within one channel of a charge
cluster. Thus, careful recomposition of hit messages is re-
quired during clusterisation. In addition, a bug in the inter-
nal data handling of the chip was limiting the transmission
efficiency of data, entailing the particular obligation to en-
sure the analysed dataset to be unbiased in what concerns
the signal on adjacent pads. Anyhow, the data of this test-
beam campaign are still valuable, e.g. with the electron
beam being registered along multiple detector layers.

SPADIC signal clusterisation

To be able to process the hits of electrons in a TRD,
SPADIC signals need to be grouped in clusters. The clus-
terisation algorithm for a TRD module to build a group of
signals, i.e. a cluster, works as follows:

1. Select the earliest not already clustered signal. Add
this StartMessage to the cluster.

2. Find a signal CandidateMessage with a time not more
than 200 clock cycles later than StartMessage.

3. If CandidateMessage has a temporal distance less than
31 clock cycles to any signal which is already in the
cluster and also there is yet a signal in the cluster with

* Work supported by BMBF grants 05P16PMFC1 and 05P19PMFC1.

a channel difference to the CandidateMessage of less
or equal than 2, add it to the cluster.

4. Go to step 2 and try to add another signal, otherwise
the cluster is complete and called hit.

This implementation is stable against temporal segmenta-
tion of signals from a channel into many messages and
against loss of signals from single pads in general, which is
both present in data recorded with this SPADIC version.
The minimum of ADC values recorded at the start time
of the cluster is subtracted from charge values as dynamic
baseline correction. The y-positions of the clusters are cal-
culated then with a centre-of-gravity method with the max-
imum ADC value of each involved channel as weight:

. Ei]igl i * (Csane + 1)

Y a
where w is the pad width, N the number of involved chan-
nels, ¢; the charge-equivalent on channel/pad ¢ inside the
hit and Cy,y the left/lower starting pad. d yields the posi-
tion (here: y) of the hit relative to the start of general pad
counting.

d=w

. ey

Temporal alignment

The data streams of the three TRD modules included in
this analysis were corrected for remaining time offsets of
the early synchronisation algorithm. The time offsets have
been determined by requiring maximum coincidence. The
analysis is not prone to loss of epoch messages.

Grouping of coincident hits

To find tracks through the three TRD modules, the hits
from the modules TRDO, TRD1 and TRD2 need to be
matched. This is done as follows:

1. Select a hit which is not yet grouped and add it to the
group.

2. Find a hit from the other modules which has a tem-
poral difference of not more than 3 clock cycles and
a position difference of not more than 1 channel to at
least one hit in the group.

3. Add the found hit to the group and do not consider
further hits in this modules’ hit list.

4. Go to step 2 and try to add another hit, otherwise the
group is complete and called track.

The algorithm is sketched in Fig. 1.
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Figure 1: Sketch of grouping algorithm for simple tracking.

Spatial alignment

The three TRD-modules have been positioned perpen-
dicular to the beam axis. Thus, deviations in the recon-
structed y-positions within one track can be used for an
alignment of the single modules in software as preparation
for simple tracking implementations. In the following, only
tracks which contain hits in all three detectors are consid-
ered. The distributions of the differences yy — yo from
the hit in TRD(N) to the corresponding hit in TRDO have
been evaluated. These distributions were fitted with Gaus-
sian functions, resulting with the Gaussian mean values as
spatial correction. Typical values are y%fﬁs]%tl ~ 0.7 mm
and y$Tet ~ 1.6 mm. An example of these distributions
after alignment is shown in Fig. 2. The origin of the non-
Gaussian tails of the distributions is under investigation,
also what concerns the contribution from Bremsstrahlung
and beam divergence. Clearly visible is the broadening for
the case TRD2-TRDO due to additional multiple scattering
in TRD1. The asymmetry in the distributions originates
from detector acceptance effects.
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Figure 2: Spatially corrected distributions of differences
(yn — yo) from a hit in TRD(N) to the corresponding hit in
TRDO fitted with Gaussian functions. Normalised to area.

Position resolution

The width of the distributions (yn — o) can be used as
measure for the detector position resolution. Nevertheless,
anon-zero difference is expected not only from the detector

Transition Radiation Detector

not being a perfect system, but a broadening is also caused
by small-angle scattering and Bremsstrahlung of the beam
electrons. This already got visible in the comparison of
(y2 — yo) and (y1 — yo) in Fig. 2: TRD2 registers a wider
position distribution.
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Figure 3: Gaussian variance o of (y; — yo) distributions
versus beam momentum for two data sets. Position resolu-
tion of both TRD layers contributes to o as well as multiple
scattering and Bremsstrahlung.

Small-angle scattering is less pronounced for particles
with larger momentum p. Fig. 3 shows the Gaussian fit
variances o of (y1 — ¥o) distributions for different beam
momenta. Further shown is the expectation due to multi-
ple scattering of electrons as calculated with the Highland-
Lynch-Dahl formula for an assumed material budget of
X/Xo = 2.1%, convoluted with the expected position res-
olution of 300 pum for each of the two TRD layers [3].
While similar shape of simulation and data is found, a devi-
ation of the slope is visible. We note, that Bremsstrahlung
is not yet included in the calculation.

Track reconstruction

Through coincident hit groups (tracks) which contain
hits from all three detectors, linear fits were done, using
their y- and z-positions. Further analysis based on such
track fits is currently ongoing, e.g. beam divergence can be
taken into account via track fit angles.
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Charge reconstruction in DESY 2019 testbeam data*

A. Meyer-Ahrens' and P. Kihler'
'Institut fiir Kernphysik, WWU Miinster, Germany

DESY 2019 testbeam

From 18 August to 1 September 2019, the TRD group
carried out testbeam measurements at DESY in Hamburg.
Its main goal was the measurement of electron spectra
(dE/dx+TR) with the TRD, depending on radiator thick-
ness and electron momentum. Furthermore, the campaign
served as a test of the candidate version for the final front-
end ASICs, SPADIC 2.2. TRD prototype modules have
been set up at DESYII beam line TB24, which is deliver-
ing secondary electron beam with variable beam momen-
tum. During this campaign, momenta from 1 to 4 GeV/c
have been chosen. The setup is shown in Fig. 1.

-

e

Figure 1: CBM-TRD setup used at the 2019 DESY
testbeam: The front MWPCs was equipped with two
SPADICs, enabling readout at the beam spot and at the po-
sition of the ®®Fe source.

The detectors have the default TRD wire geometry, and
were operated with Xe/COq (85:15). The anode voltage
was set to 1800 V, the drift field was at the design value
of 100 V/cm. According to Garfield calculations, these
settings correspond to a gas gain of about 1500 [3].

Radiator comparison

Radiator boxes with thicknesses 10, 15, 20, 25 and
30 cm have been prepared to be inserted in front of the
detector. These radiators are of same type as foreseen for
the final CBM-TRD, i.e. consisting of 2 mm thick PE foam
foil mats, housed in a Rohacell box which is open on the
detector side. The carbon-grid in the detector entrance re-
gion was filled with 7 x 0.2 cm of additional PE foam foils,
which is also in agreement with the final TRD design.

*Work supported by BMBF grant 05P19PMFCI.

Front-end electronics

The TRD modules were equipped with version 2.2 of
the SPADIC ASIC, which is the candidate version for the
final TRD readout chip. The analogue part of the chip fea-
tures a 1* order shaper with the new shaping time constant
of 120 ns. The forced-neighbour readout concept, which
releases to send the signal values from adjacent cathode-
pads in the same time window as for the self-triggered cen-
tral pads, was hardened in SPADIC 2.2 for efficient data
reconstruction: with the new ‘“re-trigger protection”, each
channel is triggered only once to ensure compact message
groups for fast clusterization.

Simulations

For evaluation of the recorded testbeam data, simulations
of detector and radiators have been carried out. To simu-
late energy loss spectra of electrons in a TRD, a standalone
simulation described in [1] has been adapted for the CBM-
TRD. The parameters which have been used can be found
in [2]. As the code simulates regular radiators, the irregu-
lar foam mats as foreseen for our TRD modules have been
effectively parametrised in terms of a regular radiator. Sim-
ulated spectra for the used radiator thicknesses at an elec-
tron momentum of 3 GeV /c can be seen in Fig. 2. The sim-
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Figure 2: Simulated electron energy loss spectra (energy
loss through ionisation + TR photons) for different radiator
configurations at an electron momentum of 3 GeV /c. Each
spectrum has been normalised by its area.

ulated spectra show a clear trend for higher energy losses
per electron for thicker radiators, caused by an increase of
the TR yield with radiator thickness.
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Calibration source

In parallel to the beam measurement, a 55Fe source has
been positioned in front of the detector and read-out with
a SPADIC chip to monitor the gas gain. Usage of the cor-
responding data stream for calibration of the energy loss
spectra is currently in preparation. A reconstruction of the
energy deposition spectrum of the source measurement is
shown in Fig. 3. The emissions of K-line de-excitations
after decay to 55Mn are reconstructed, fitted with a Gaus-
sian function and calibrated to the known value of 5.96 keV
(Ka1, Ka2, Kg). It was possible to optimise the reconstruc-
tion method in terms of energy resolution by requiring the
lowest o/ of the Gaussian fit. We note, that noise contri-
bution was observed during the measurements, leading still
to a value of o/pu = 15.6 % with the gain setting of this
measurement, while the design goal is about 10 %.
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Figure 3: Spectrum from %°Fe source. The main peak is
fitted with a Gaussian function and calibrated to 5.96 keV.

Electron spectra

For reconstruction of the energy loss spectra with elec-
tron beam, the following procedure is employed: signals
are filtered according to quality criteria aiming to exclude
noise triggers. The maximum ADC value of accepted
pulses is taken as charge equivalent, after subtraction of a
fixed baseline. Following, clusterization of such digis from
neighboured cathode pads with same readout time is per-
formed. The charge of the cluster is the measurement of
the energy loss. The reconstructed energy loss spectra for
the different radiator configurations can be seen in Fig. 4.

Two selection criteria have been applied: i) Clusters with
a width of two or less pads are excluded, as they are tech-
nically not expected by the readout concept and could miss
a part of the deposited charge. ii) Clusters outside the well
collimated beam spot were excluded.

In the spectra, a trend for larger energy losses for thicker
radiators is clearly visible, which is in good agreement with
the simulation (see Fig. 2). Exception is, that we see no sig-
nificant differences between the 16.5cm and the 21.5cm
radiators, while the trend for higher TR yield is still con-
tinued for thicker radiators, i.e. 26.5cm and 31.5cm. We
assume a mix-up of the 15cm and 20 cm boxes inadver-
tently occurring during radiator exchange.
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Figure 4: Energy loss spectra of electrons for different radi-
ator configurations at an electron momentum of 3 GeV/c.
Each spectrum has been normalised by its area.

Since no correction for signals exceeding the range of
the SPADIC ADC with their maximum value was imple-
mented in this analysis yet, a slight excess of the measured
spectra at around 500 ADC units can be seen, which is not
visible in the simulated spectra. This effect is in principle
well known, and corrections are in preparation.

Discussion and outlook

Our goal is to compare the measured and simulated spec-
tra on an absolute basis, using a calibration with the 5°Fe
source. In first attempts, the measured spectra did appear
at larger energy values and/or more narrow than the simu-
lation, which is currently not understood.

This finding is subject of ongoing analysis. A possible
bias introduced by the trigger thresholds seems excluded
by comparison of data subsets, and also other checks did
not provide explanations up to now. In a next step, the
simulated spectra will be used as input for an existing full-
system simulation of the CBM-TRD as described in [4].

Local gain variations will be investigated with existing
55Fe source scan setups in the laboratory, as soon as front-
end electronics will be available in sufficient number.

Overall, we note the already very good agreement of
scaling with radiator thickness in simulation and measured
data. We see this as validation of the simulations with the
parametrisation for the irregular radiator.
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Introduction

After the integration of two large TRD modules into the
mCBM experimental setup in 2018 [1], the required prepa-
rations for a successful data-taking in the 2020 mCBM
campaign have been approached in 2019. Therefore,
among other things:

e new front-end boards (see [4] for more details) with in
total 24 of the revised SPADIC 2.2 per module were
installed on the detectors

e firmware for the data processing boards (the AFCK)
for readout of the SPADIC 2.2 chips via a CROB mul-
tiplexing layer was commissioned

e a software package was prepared which handles the
unpacking and translation of data produced by the new
SPADIC 2.2 for further analyses.

Detector setup

For the upcoming mCBM 2020 beamtime campaign,
the already 2018 installed TRD modules have been fully
equipped with a new version of readout electronics.
SPADIC 2.2 features a faster shaping time of 120 ns in
the analogue part and a newly designed message build-
ing block in the digital part with increased bandwidth ef-
ficiency in the uplinks. The mTRD setup consists of two
detector modules with 768 readout channels each. A pic-
ture of one of the two TRD chambers with mounted front-
end electronics is shown in Fig. 1. The front-end boards
are visible in green. Every board carries four SPADIC 2.2
of which each is connected to 32 readout channels.

The modules follow the general chamber design as fore-
seen for the future CBM-TRD. The modules are mounted
on the beam-table and are electrically decoupled. For op-
eration of the detector, periphery and supply systems in-
stalled on-site were:

HV - The detectors are supplied with high-voltage for
their amplification and drift field by HV modules
which have been installed in an own rack in the gen-
eral mCBM service area. The modules are free-
floating and thereby decoupled.

LV — Also the LV supplies are separated. 12V are
transported into the cave and DC-DC converted with

*Work supported by BMBF grants 05SP19PMFC1 and 05P19RFFC1
and HGS-HIRe.
T praisig@ikf.uni-frankfurt.de
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Figure 1: Rearview of one of the two TRD modules of the
mCBM setup with SPADIC readout. On the back-side of
the chamber 24 SPADIC 2.2 ASICs on six front-end boards
are arranged in three rows. Each of these board rows can
read two pad rows with up to 128 pads each.

FEAST modules to the target voltage of the readout
electronics. Necessary ground connections follow a
canonical star topology.

Gas — For the operation of the mTRD detectors an
Ar/CO; gas mixture is utilised, provided by the TRD
gas mixing station. Further on an analysis station
monitors the gas returning from the modules.

These systems can be controlled remotely. Measured val-
ues are available for live monitoring and fully logged.

DPB firmware

In preparation for the common readout in the mCBM
setup the DPB firmware for the TRD has been imple-
mented with the necessary data-preprocessing to generate
microslices in accordance to the FLES specifications [6].
For this a message decoder was implemented which gener-
ates a SPADIC message container from the SPADIC mes-
sage frames. The message container contains all the meta-
data of the hit message, i. e. the elink ID, channel ID, times-
tamp, hit type, multihit flag and the number of samples, as
well as up to 32 ADC samples.

After that the message containers are sorted into their
respective microslices. This is done through a time gat-
ing module which controls the data flow of the hit message
containers. The hit messages of each elink are continuously
passed through until the first message arrives which be-
longs to another microslice. Then the data flow is stopped
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for that particular elink until all elinks received the first
message of the next microslice. For more detail on the im-
plementation see [5].

The sorted hit messages are then serialised into an ef-
ficient 64 bit format, packed into microslices and sent to
the FLIB. The data-preprocessing as well as the microslice
generation has been successfully tested during the 2019
DESY testbeam campaign [3].

Following the DESY testbeam campaign and in prepa-
ration for the mCBM campaign in the spring of 2020 the
TRD DPB firmware was updated to support the CROB
based readout of the SPADIC 2.2. The CROB features
3 GBTx ASICs with 14 uplinks each, therefore the data-
preprocessing had to be modified from a total of 6 up-
links to 42 uplinks. In addition to the FPGA firmware, the
control software had to be updated to support the GBTx
firmware.

SPADIC 2.2 message unpacker

The SPADIC 2.2 message is a highly optimized con-
tainer for the transfer of the raw information generated due
to a registered signal on a channel (‘“hit message”). How-
ever, for further processing of the information the message
needs to be unpacked and written into an analysis oriented
container. For this purpose, a completely new SPADIC un-
packing software was written. The new version not only
suits the general format and data flow of mCBM [2], but
also provides online-monitoring capabilities of the incom-
ing data stream.

From regular hit messages the unpacker extracts infor-
mation about the hit time, the trigger type, all forwarded
ADC samples and whether this hit message follows directly
to a previous signal (“multi-hit”). The package provides
several modes of operation, varying between a focus on
performance and debugging.

The software also translates the position information
from the hit message into a global CBM address. The re-
construction is based on the channel ID in the local ASIC
coordinate system and the ID of the ASIC in the global
TRD coordinate system. While the local channel ID can
directly be read from the SPADIC 2.2 message, the ASIC
ID has to be reconstructed via the eLinkID and the ID of the
AFCK. The mapping between the given information in the
SPADIC 2.2 messages and the global channel addresses in
the CBM address scheme is read from parameter files into
the unpacker, which have to be prepared beforehand.

A first test of the software package took place at the
DESY 2019 testbeam campaign [3]. One of the plots used
to monitor the data quality online, is depicted in Fig. 2.
The figure is a geometrical representation of a TRD cham-
ber, where the x-axis represents the pad columns and the
y-axis the pad rows while the z-axis displays the amount
of hit messages on a given pad. In this case, a period of
data recording during the DESY 2019 testbeam campaign
was monitored. The distribution shows the expected val-
ues, since only two ASICs were mounted at the according

Transition Radiation Detector
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Figure 2: Hit distribution map of a TRD module, as pro-
vided by the online monitor part of the unpacking software
package. This map corresponds to data recorded during
the DESY 2019 campaign. While, the z- and y-axis corre-
spond to the pad row and column of the chamber, the z-axis
refers to the absolute number of hits on the given channel.

positions. A detailed review of the DESY 2019 testbeam
campaign can be found in this report [3].

For the upcoming mCBM campaigns, the performance
of the unpacker especially in terms of processing time will
be subject to extensive tests. Further on, the set of provided
figures for online data monitoring will be extended and op-
timized.
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TOF - Summary
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The main activities in 2019 were focused on the opera-
tion of mTOF at mCBM [1] and eTOF [2] at STAR in the
scope of the FAIR phase 0 programs but also on the detec-
tor R&D especially for the inner part of the CBM TOF wall
and the Beam Fragmentation TO Counter (BFTC). How-
ever, R&D on new resistive materials and gas mixtures
were carried out as well.

The CBM TOF gas mixture consist of 90% R134a, 5%
SFg and 5% iso-Butane with a total global worming po-
tential GWP of about 2500. Due to new EU regulations
which foresee a tremendous reduction of the emission of
green house gases, the TOF group is assigned to find so-
Iution in order to do so. The current strategy foresees the
recycling of the used gas without any emission in the atmo-
sphere. An alternative solutions is the search of new eco-
friendly gas mixtures [3] which show a comparable counter
performance. The search of an alternative solution is also
ongoing for the low resistivity glass [4]. Here a glass pro-
duced in a float process with a resistivity in the order of
5x10° was investigated. Even though the rate capability
of this new material could be demonstrated the glass has
the unfortunate characteristics that it changes steadily the
resistivity with through-going accumulated charge which
makes an R&D effort to use it in counters for the inner part
of the TOF wall obsolete. However, the counter R&D for
the MRPCla - ¢ prototypes foreseen for the high rate region
is still ongoing as reported here [5, 6]. Based on the results
obtained at mCBM and eTOF it can be concluded that the
R&D effort on the MRPC2 and MRPC3 prototypes is fin-
ished and only minor optimization work is ongoing. As an
example, a study on the relationship between the HV sup-
ply structure and the noise level on its nearest readout strip
was performed with the outcome of an improved HV sup-
ply solution which will be transfered in the MRPC4 proto-
type as well.

The major attention in 2019, however, draw the TOF
FAIR phase O program. eTOF at STAR started opera-
tion in Feb. 2019 with data taking of Au+Au events at
V5NN = 11.5GeV with an eTOF efficiency of 85%. A
damage of the FEE boards after several beam loss events
required a major repair work. Data taking was continued in
Dec. 2019 with the BES IT RUN2020. Here a set of fixed
target and colider runs could be taken (conf. Tab. ??) until
the experiment was shut down due to the Corona situation.
First preliminary results from eTOF including the demon-
stration of its PID capability are presented here [2, 7].

The biggest effort, however, was put in mCBM in order
to create the bases for upcoming TOF project milestones.
In particular there is (i) the PRR for float glass MRPCs, (ii)

the PRR for low resistivity glass MRPCs, (iii) the ASIC
engineering design review (EDR) and (iv) the high voltage
CDR. The first step in this regards was done in the Mach
2019 beam time obtaining valuable results as demonstrated
here [?] and found its continuation in the beam time of
March 2020 which will be the main subject in the next com-
ing progress report. However, as an outlook we present in
Figure 1 an event display showing a Pb + Au event obtained
on April 2020 where 28 tracks could be reconstructed by
mTOF. During this beam time rate and multi-hit conditions
were realized that come close to the final CBM environ-
ment running at 10 MHz interaction rate. Such experimen-
tal conditions are essentially in order to prove the function-
ally of the full system.
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Figure 1: Event display of a high multiplicity Pb on Au
event generating 100 hits in mTOF of which 28 tracks. 5
M4 modules are arranged in a triple and a double stack
configuration in order to allow for tracking.
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A new type of low resistivity float glass has been de-
veloped in CERN[1]. This glass is developed for high
rate capable Multigap Resistive Plate Chambers (MRPCs).
Therefore it could be an option for the Time-of-Flight
(TOF) system of Compressed Baryonic Matter (CBM) ex-
periment. During CBM experiments, MRPCs will be re-
quired to work at particle fluxes on the order of 1 to
5 kHz/cm? for the outer region and 5 to 25 kHz/cm?
for the central region[2]. Thus, the rate capability is the key
factor for the MRPCs in CBM TOF. The new low resistivity
glass is developed as a commercial solution for increasing
the rate capability of MRPCs, while maintaining the other
key parameters like time resolution and efficiency. Samples
of low resistivity glass is produced with a bulk resistivity in
the order of 10° © - ¢m and 0.4 mm thickness with indus-
trial standard. In the early tests in CERN, a 6-gap MRPC
is assembled with low resistivity glass electrodes, and the
efficiency reaches 90% at the flux of 90 kH z/cm?[1].
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Figure 1: The geometry of 10-gap MRPC.

The MRPC is tested under high flux at the Electron Linac
for beams with high Brilliance and low Emittance (ELBE)
in Helmholtz-Zentrum Dresden-Rossendorf (HZDR) in
Germany. The MRPC used in this test is a single-stack
10-gap MRPC with pad readout. The MRPC contains 2
outer glass electrodes with the area of 7 x 9 em? and 9
inner ones with the area of 5 x 6 cm?. The thickness of
glass is 0.4 mm, the gap width is 0.16 mm. The detailed
geometry of the MRPC is shown in Figure 1 The MRPC
is tested under continuous single-electron beam of 30 MeV
energy, and the beam spot at the MRPC is around 10 cm?.
The reference time is given by the RF from accelerator, and
the flux and beam area are given by a set of scintillators.

The efficiency and time resolution scan of MRPC on de-
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Figure 3: Time Resolution as a function of high voltage.

pendence of the high voltage is presented in Figure 2 and
Figure 3. The maximum efficiency of the MRPC amounts
97.0% and a time resolution of 36 ps is accumulated at the
voltage of 19.2 kV'. A flux scan of the efficiency and time
resolution is also operated, as shown in Figure 4 and Figure
5. While the flux of particles is tuned from 2 kHz/em? to
200 kHz/ ¢m?, its time resolution degrades from 37 ps to
60 ps, while the efficiency degrades from 97% to 95%. The
high voltage is 19.6 kV.

In the tests, it is discovered that the bulk resistivity will
increase over time due to the current flow inside the glass
sample. As it is possible that such effect will result in a
reduction of MRPC performance, detailed researches are
operated. It is found that the resistivity does not recover
over relaxation (see Figure 6), but over reverse voltage (see
Figure 7). The future application of low resistivity float
glass in MRPC is also attached to the investigations of this
effect. As a conclusion, the performance of MRPCs with
low resistivity glass fulfills the requirements of CBM. Fur-
ther long-term tests of MRPCs will be carried out in the
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Figure 6: Bulk resistivity test with relaxation time.
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The ‘F-gas regulation’ [1] applied in 2015 aims at
shrinking the production and emission of the Greenhouse
Gas (GHG), which includes Freon (GWP = 1300) and SFg
(GWP = 22800), the commonly used working gas compo-
nents in MRPC operation. The uncertainty of the future
usage of these gases has encouraged the development of
gas circulation and recuperation system, and also, a lot of
tests to find ecological gas substitutes [2]. For Freon, one
of the most promising substitutes is HFO-1234ze (trans-
CsHyF,), and it is also regarded as a next-generation refrig-
erant, which indicates a good availability in the future. For
SFg, the searching work is started relatively later, and there
is attempt given with replacements named ‘Novec 4710’
and ‘Novec 5110’ [4].

As a new molecule under study, it is reported that HFO-
1234ze has a GWP value less than 1. Some of the ion-
ization properties, such as ionization pair production and
mean excitation energy, has been estimated by simulation
methods [3]. Many existing experiments like ALICE, EEE,
CMS that use RPC-type detectors have been testing the
HFO-based gas mixtures, with wide types of components
including iC4H;¢, SFg, CO2, He and Ar. A lot of results
have shown good eco-gas performances with the existing
RPC system, but at different working electric field [4]-[6].

The MRPC performance in ecological working gas mix-
tures has been an important issue in Tsinghua group, where
the CBM-TOF detector MRPC2 (the former MRPC3a) has
been developed and produced [7]. MRPC2 is a double-
stack structure with 8 gas gaps and 32 readout channels.
The width is 0.25 mm for a gas gap and 1 cm for a read-
out pitch (0.7 cm strip width + 0.3 mm gap). Working in
‘standard gas’ mixture, which contains Freon/iC4H;/SFg
with a fraction of 90/5/5, the performance of the MRPC2
counters has fulfilled the requirements of the CBM-TOF
system. The detection efficiency goes over 98%, and the
individual time resolution is better than 60 ps.

The cosmic test system originally developed for the
quality examination in MRPC2 mass production is used
to test the detector performance in eco gas mixtures. This
system uses three MRPC2 counters in test, PADI 10 as the
Front-end Electronics, and TRB3 board for data acquisi-
tion. A 6-channel gas mixer is applied to flush the HFO-
based working gas mixtures. For now, we have finished
the performance test with the following gas mixtures and

*The work is supported by National Natural Science Foundation
of China under Grant No. 11927901, 11420101004, 11461141011,
11275108, 11735009, U1832118, and by the Ministry of Science and
Technology under Grant No. 2018 YFE0205200, 2016YFA0400100.
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their fractions: (a) Pure HFO; (b) HFO/iC,H¢/SFg 90/5/5;
(c) HFO/SFg 95/5; (d) HFO/iC4H1q 97/3; (e) HFO/iC4H1g
95/5; (f) HFO/iC4H1¢ 90/10.
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Figure 1: The dark current of the gas candidates.

For each eco gas mixture, the HV scan is carried out, and
the corresponding efficiency, time resolution, cluster size
and dark current of the tested MRPC2 are obtained. Dur-
ing the tests, the dark current has been monitored carefully
to prevent detector damage at HV under these working gas
with unknown characteristics. According to the operation
experience under cosmic ray, HV is shutdown when the
dark current of a counter goes over 100 nA, and the tested
gas candidate will be abandoned. Figure 1 shows the dark
current level with different gas mixtures, among which the
candidate (f) can’t reach the efficiency plateau under the
dark current control. For other candidates, the efficiency
and cluster size are shown in Figure 2. The efficiency is
defined as the ratio of the coincident events of three coun-
ters over that of the two reference counters, and the cluster
size as a reflection of the streamer fraction is the average
number of the continuous fired strips in each event.

The working point for HFO-based candidates lies around
7kV (140 kV/cm electric field in gas gaps), which is higher
than 5.5 kV for the ‘standard gas’. Adding the iC4H;o will
help decrease the working HV to some extent. And SFg,
due to its strong electronegative feature, will increase the
working HV. From Figure 3, we can find that SFg, with a
very high GWP value though, plays an important role to
a better time resolution. Further investigations should be
taken to find an eco-gas substitute for SFg.

Based on the results, we can make the preliminary sug-
gestion that the best eco gas alternative for now is HFO
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Figure 2: The efficiency (square dots) and cluster size
(round dots) of the gas candidates.
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Figure 3: The fight-time resolution between the tested
MRPC?2 and reference in different gas mixtures.

with iC4Hj at a fraction of 95/5 (mixture e in the plots).
The efficiency can reach 97.4% at 6.9 kV, and the flight-
time resolution is 115 ps (81.33 ps for a single detector).
The GWP value of this gas mixture is as low as 1.2. The
best time resolution at working point is obtained by the
mixture of HFO/iC4H1¢/SFg with 90/5/5 fraction (mixture
b in the plots). The efficiency at plateau is 96.8% and the
time resolution is better than 90 ps.

The eco-gas cosmic test is still ongoing, and different
fractions of the gas mixture and more components such as
CO9 and He will also be tested. These results would be
very helpful to understand the potential ability to operate
the CBM-MRPC counters with less environmental impact.
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Test results of high granularity MSMGRPC prototype for CBM - TOF wall*
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A new designed, assembled and preliminary tested
MSMGRPC for the most demanding region of the CBM-
TOF wall [1] was reported last year [2]. The strip pitch, the
same for both HV and readout electrodes, is 9.02 mm. The
1.27 mm readout strip width leads to a transmission line
impedance of ~ 97 (), matched to the input impedance of
the the front-end electronics. The high voltage strip width
of 7.37 mm defines the granularity, taking into account the
expected cluster size and the adjusted strip length of 60 mm
(the CBM-TOF wall counters with the highest granularity).
Two identical prototypes, 2 x 5 gas gaps of 140 um gap
size, were mounted one on top of the other in a gas tight
and electromagnetically screened box.

Cosmic rays tests
The assembled counters were first tested in the detector
laboratory of Hadron Physics Department from IFIN-HH
using a gas mixture of 90%CoH2F4+10%SFg and an elec-
tric field of 157 kV/em (HV =2 x 5.5 kV). In the experi-

mental setup shown in Fig. 1, one counter was sandwiched
between the top counter and the bottom plastic scintillator
(10 cm length and 1.5 cm x 1.5 cm cross section). A front-

Figure 2: Cosmic ray hits distribution on the operated area.

end electronics (FEE) based on NINO chip [4] and a trig-
gered data acquisition (DAQ) system equipped with CAEN
TDCs were used for signal processing. A 3D view of the

*Work supported by Romanian Ministry of Education and Research
NUCLEU Project Contract PN 19060103.
T mpetris @nipne.ro

uniform cosmic-ray illumination across operated area (16
strips per counter) is shown in Fig. 2. For a 160 mV FEE
threshold the estimated efficiency was of 95% with an av-
erage cluster size of 1.8 strips. A single counter time res-
olution of 649 ps was obtained after slewing corrections.

In-beam tests
The prototypes were tested with reaction products
(1.6A GeV '97Ag beam incident on a Au target), in the
mCBM test setup, in March 2019. The above men-
tioned prototypes were positioned in the experimental
setup downstream relative to the counters developed for the
outer zones of the TOF wall (Fig. 3 - left side). A diamond

-0.5 0 0.5 1
ATO04 [ns]

Figure 3: Position in the mCBM experimental setup (left).
Calibrated time difference spectrum (right).

detector, positioned in front of the target was used as beam
reference. The signals delivered by the detectors were fed
into PADIX [5] FEE and processed by a free streaming
DAQ equipped with GET4-TDCs [6]. For the estimation
of the time resolution, one of the two above described pro-
totypes was considered as reference (REF) and the other
one as detector under study (DUT). The obtained system
time resolution (includes the contribution of both REF and
DUT counters) was of 78 ps. If an equal contribution of
the two identical counters to the time resolution is consid-
ered, a single counter time resolution of 55 ps (including
electronics chain contribution) is estimated. A lower effi-
ciency obtained in the operation with the above mentioned
free streaming readout chain, relative to the value obtained
in the laboratory tests, is under investigation.
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Efficiency investigation of a high granularity MSMGRPC prototype for the
inner zone of the CBM - TOF wall *
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and V. Simion
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The current design of the CBM-TOF inner wall [1] is
based on double-stack multi-strip, multi-gap resistive plate
counters (MSMGRPCs) with 2 x 5 gas gaps of 140 pm gap
size, equipped with low resistivity glass electrodes. Their
performances in terms of efficiency and time resolution,
in direct beam tests or with exposure to reaction products
over the full active area, in their operation in both triggered
[2, 3, 4] as well as free streaming readout systems [5], rec-
ommend them as solution for the inner part of the CBM-
TOF wall.

A double-sided MSMGRPC prototype, 2 x 5 gas gaps
of 140 pum gap size, with the highest granularity (0.9 cm
pitch and 6 cm strip length) of the CBM-TOF wall was re-
ported in [6, 7]. A single counter time resolution of 67 ps
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Figure 1: The two assembled MSMGRPCs mounted on the
back panel (left). Experimental setup for cosmic rays and
60Co source tests (right).

and a 95% efficiency were obtained in the cosmic ray tests.
The counter signals were processed by a front-end elec-
tronics (FEE) based on NINO chip [8] and a triggered data
acquisition (DAQ) system. In the operation in the mCBM
setup in March 2019 with CBM - TOF FEE PADIX [9]
and GET4 - TDC:s [10], using a free - streaming readout, a
lower efficiency was obtained. As a difference in the gains

diff RPC1 diff RPC1

¥ position (channels)

2 4 6 8 10 12 14 16 °
Strip number

Figure 2: 2D (left) and 3D (right) plots of the mapping of
the active area in a self-triggered mode, exposed to a °Co
source positioned at 37 cm distance under the housing box.

between PADI and NINO FEE, (lower PADI gain) is the

*Work supported by Romanian Ministry of Education and Research
NUCLEU Project Contract PN 19060103.
T mpetris @nipne.ro

cause, an increase of the counter signal at the input of the
PADI FEE is required. The solution was to assemble two
new MSMGRPC:s prototypes with an increased gap size of
200 pm and identical inner geometry and architecture for
the high voltage and readout electrodes as of those reported
in [6]. The two counters were first tested with cosmic rays
and %°Co radioactive source in the detector laboratory of
Hadron Physics Department (HPD)/IFIN-HH. A gas mix-
ture of 90%CoHsF, + 5%SFg + 5%i-C4H1 was circulated
through the counters at 4 I/h flow rate. For each counter 16
central strips were equipped at both ends with a FEE based
on NINO chip [8].

The tests started with the mapping of the operated area,
exposing the detectors to a %°Co source (positioned at a
distance of 37 cm from the detector housing box for an
uniform exposure) and to the cosmic rays. The 2D and
3D plots (Fig. 2) of the hit distribution across the operated
area, recorded in a self-triggered mode, show an uniform
efficiency with pretty sharp edges at the ends of the strips,
in radioactive source as well as in cosmic ray exposure.

Figure 3: Multi-collimator mounted in front of the housing
box (left). Exposed positions on a vertical column along
the strips (right).

In order to investigate deeper the edge effects at both
ends of the strips, due to possible electric field distortions
in these zones, a multi-collimator made of Pb and fixed in
a trovidur frame (Fig. 3 - left) was used. Each vertical col-

diff RPC2

diff RPC2 diff RPC2

Figure 4: 3D - plots for the exposure of the active area to
a collimated %°Co source for up (left), center (middle) and
down (right) positions along the strip.

umn of this multi-colimator has three colimators of 4 mm
diameter distribuited along the strip length (Fig. 3 - right).
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Figure 5: Position distribution for the exposure to a colli-
mated 59Co source for up (left), center (middle) and down
(right) positions along the strip with the maximum yield.

As it is shown in Fig. 3 - right, the central one points to
the middle of the strip, while the distance between the out-
ermost two is 56 mm, (up and down, each one at 2 mm
distance from the tip of the strip). Fig. 4 shows the 3D dis-
tributions of the hits over the operated area for each of the
three described positions along the strips: up (left), center
(middle) and down (right). The 1-D projections of these
distributions (down (left), center (middle) and up (right)),
along the strip with the maximum yield and normalized to
the exposure time to the 59Co source, are shown in Fig.5.
The same value for the maximum of each of the three dis-
tributions confirms an uniform detection efficiency over the
full length of the strip. Based on the position of the peaks in
the yield of the distributions (Gaussian fits shown in Fig. 5)
corresponding to 5.6 cm distance between the centers of the
outermost collimators and the 0.025 ns/ch TDC calibration,
a signal propagation velocity of 16 cm/ns is obtained.
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Figure 6: Efficiency as a function of field strength in the
gas gap, measured with cosmic rays.

Further measurements addressed the quantitative estima-
tions of the efficiency, cluster size and time resolution us-
ing cosmic rays. The counter called RPC2 (see Fig. 1)
was sandwiched between RPC1 (positioned above RPC2 in
the experimental setup) and the bottom plastic scintillator
(10 cm length and 1.5 cm x 1.5 cm cross section), readout at
both ends by photomultipliers and centered on the operated
area, across the strips. The trigger signal for DAQ system
was obtained from the coincidence of the signals delivered
by the RPC1 and the bottom plastic scintillator. Due to the
very low dark rate of both counters (less than 0.15 Hz/cm?),
in the performed measurements it was possible to operate
the FEE at a very low threshold of 145 mV. The efficiency
is estimated as the ratio between the number of coincident
hits between RPC1, RPC2 and plastic scintillator and the
number of coincident hits between RPC1 and plastic scin-
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Figure 7: Average cluster size measured with cosmic rays.

tillator. Figure 6 shows the efficiency as a function of field
strength in the gas gap. The working curve shows a 95%
efficiency plateau at applied fields larger than 120 kV/cm
(2 x 6 kV). Fig. 7 shows the average cluster size as a func-
tion of the value of one polarity of the applied high voltage,
at the mentioned FEE threshold. The average cluster size,
larger than two strips in the plateau region, could be due to
the low value of the FEE threshold.

200 htof12cls

Entries 1107
Mean  0.4188
RMS 5.873
Constant  196.6
Mean  0.8991
Sigma 3781

Counts

15i

S

=1
T T T T T T T[T T T[T

10i

50

[ | h L Lol
10 20 30 40 50
time (channels)

Figure 8: Time difference distribution between the two
identical MSMGRPCs.
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Fig. 8 shows the time difference between the two iden-
tical MSMGRPCs. The obtained single counter time res-
olution, if one considers equal contributions from each of
the two identical counters, is of 67 ps for an applied high
voltage in the efficiency plateau region.

The prototype performance was demonstrated in the lab-
oratory tests and it is ready to be tested in the mCBM in-
beam campaigns.
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Update of the CBM-TOF inner wall design*

V. Dugdl’, D. Bart0§1, M. Petriﬁ L. M. Petrovici', L. Ridulescu', and V. Simion'
! National Institute for Physics and Nuclear Engineering (IFIN-HH), Bucharest, Romania

The CBM - TOF inner - wall, covers a polar angle be-
tween 2.5 and ~12° of about 14 m? area around the beam
pipe. The inner wall design was driven by the count-
ing rate and the granularity requirements [1]. The antic-
ipated counting rate for the inner zone is ranging from
30 kHz/cm? in the region of the beam pipe, to about
5 kHz/cm? at the largest polar angle mentioned above. A
number of six versions for the architecture of the inner zone
of CBM-TOF wall, from a cylindrical to a planar one, were
investigated, each one in comparison with the others [3].
The current design is the result of the optimization in terms
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Figure 1: CBM-TOF inner wall architecture in the support
frame: front,(left) and back (right) views.

of wall thickness along z direction, with minimum over-
lap between the counters as well as between the modules
such to have a continuous coverage of the active area and
optimization of the cost in terms of number of counters
and electronic readout channels. All these constrains led
to a modular concept defined by 12 modules of 4 types
(MO, M1, M2, M3), staggered in z direction, such to ob-
tain a continuous coverage of the active area. A mechanical
frame is optimized in terms of material budget and precise
positioning of the modules (see Fig. 1). The module MO

MRPClc

Figure 2: Counters mounted in module MO with the me-
chanical supports fixed on the Al back panel.

positioned on the left side of the beam pipe, looking from

*Work supported by Romanian Ministry of Education and Research
NUCLEU Project Contract PN 19060103.
T mpetris @nipne.ro

the target position, can be translated up to 20 cm along the
x axis in order to follow the beam bending due to the mag-
netic field, at different beam energies. A similar translation
could be implemented also for the MO module situated on
the right side, if one considers measurements in which the
polarity of the dipole magnet is reversed.

Based on the architecture of the MSMGRPC prototypes
described in [2], the twelve modules were equipped with a
total number of 470 counters which deliver a number of
30080 signals to the readout electronics. Inside a mod-
ule the counters are staggered on four layers in z direc-
tions with a minimum overlap between them and contin-
uous coverage of the active area, for a 8 m distance from
the target. The mechanical supports which keep the coun-

Figure 3: Architecture of the back panel of module MO.

ters in precise positions (Fig. 2) are fixed on an Al back
panel of 12 mm thickness (Fig.3). Connectors soldered on
both side of PCBs plates glued on the rectangular machined
holes in the Al back panel (Fig.4 - left), transmit the signals
from the counters to the readout electronics. All the feed

Figure 4: Zoomed view of the back panel:PCB plate with
signal connectors on both sides (left), detail with the feed-
troughs holes (right).

troughs for gas and high voltage connectors (Fig. 5 - green
and orange connectors), mechanical supports for readout
electronics and for mechanical implementation of the inner
wall into the CBM experimental setup are worked out in the
Al back panel (see the zoomed view of the back panel from
Fig. 4 - right). The module is closed by a housing box made
of a light composite material, electromagnetically screened
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Figure 5: Cross section through a module; the gas (green)
and high voltage (orange) connectors.

inside by a thin Cu layer. Each module contains up to
three types of MSMGRPCs, with different granularities,
depending on their position relative to the beam pipe. The
0.9 mm strip pitch is the same for all three counter types,
their granularity being adjusted through the corresponding
strip length of 60 mm (MRPCl1a) [4], 100 mm (MRPC1b)
[5] and 200 mm (MRPClc) [6].

Figure 6: MO module.

Module MO, shown in Fig. 6, is the most complex
one. Its size is 2105 mm x 738 mm x 196 mm, being
equipped with a number of 51 counters of all three types:
30 MRPCla, 18 MRPC1b and 3 MRPClc (see Fig. 2).

In order to be able to start its construction in the near fu-
ture, we have to make sure that the back panel has enough
mechanical strength, without any bending due to the weight
of the mounted components and multiple mechanical ma-
chining. For this reason, dedicated mechanical strength
calculations were performed in collaboration with the De-
partment of Mechanical Strength of Technical University
from Bucharest, using ANSYS software. The calculations
took into consideration the design geometry of the module,
the load of the module (taking into consideration the mass
distribution) and the properties of the material of the back
panel. In the performed calculations, mechanical stresses
and strains, possible to appear in the horizontal position
(corresponding to the position of mounting the counters in
the module) as well as in the vertical position (as it will be
installed in the TOF-wall) and during the transport and im-
plementation in the experiment, were estimated. The max-
imum estimated deformation was not more than 340 pum
and the maximum calculated stress was of 21 MPa, much
smaller in comparison with 280 MPa yield stress of the ma-
terial. Any possible significant irreversible deformation or

Time-of-Flight Detector

bending were not evidenced by these mechanical strengths
calculations.

Figure 7: Left: Spacer distribution across the resistive elec-
trodes. Right: Gas deflector.

For a proper operation of the counters of the CBM-TOF
inner zone in high particle fluxes, a fast exchange of the
gas mixture in the MSMGRPC gas gaps is important, tak-
ing into consideration the aging effects. In order to assure a
fast refreshing of the gas, two technological solutions were
implemented. The first one was carried out in the design
of the MSMGRPCs where the spacers which define the gas
gap size are distributed perpendicular to the long size of
the resistive electrodes (Fig. 7 - left), along the strips, for
a short path of the gas flow. The second one was imple-
mented at the level of module design, where a gas deflector
(Fig. 7 - right) will be mounted at the end of each column
of counters. The gas deflector split the gas flow and force
the flow in such a way that one half of the gas flow goes to
the counters of one level and the second one to the coun-
ters of the second level (see Fig. 4). The seven deflectors
are implemented on the side where the inlet gas connectors
are mounted. They are shown in Fig. 6, in the upper part of
the columns, in turquoise color.

The inner wall architecture and mechanical support pre-
sented above are on hold until a final decision on the type
of material for the resistive electrodes [7] and gap size [8]
will be made. Its integration in the full CBM-TOF wall (in
an individual mechanical support or hanged on the outer
wall support) is still under discussion.
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mTOF performance during beam tests in 2019*

Q. Zhang'?, I. Deppner?, and N. Herrmann®
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Here we report on results obtained during the mCBM
beam time campaign executed in March 2019. The beam
was composed of Ag ions with a energy of 1.58 AGeV im-
pinging either on a 0.25 mm thin (interaction rate ~1%) or
on a 2.5 mm thick (interaction rate ~10%) Au target. The
beam intensity was tuned from 10° to 10® ions per second.

mTOF beam tests conditions

The mTOF setup is composed of 5 mTOF M4 modules
grouped in a triple and a double stack and additional test
counters as shown in Fig. 1. With the triple stack which
is centered at 250 with respect to the beam the MRPC2
prototype within the modules can be investigated by form-
ing tracklets and using the outer modules (M1 and M3) as
a reference. The test counters (MRPC3) which were lo-
cated behind the double stack make use of the modules M4
and M5 as a reference. The gas mixture used at mTOF
is the standard gas mixture foreseen for CBM and contains
90% CoHsFy, 5% i-C4H1 ¢, and 5% SF¢. The total gas flow
was 110 ml/min and was evenly distributed to in total 7 gas
boxes. A slow control system based on EPICS was used
to control, monitor and archive data from HV, LV power
supplies and gas system.
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Figure 1: mTOF experimental setup used at mCBM in
March 2019. M1 to M5 represent the mTOF modules
grouped in a triple and a double stack. The other modules
contain test counters.

Data-driven readout chain

Instead of the conventional triggered system, a new data-
driven readout chain has been developed for all detector

*This project was supported by BMBF 05P15VHFC1.

subsystems in CBM to meet the requirements from high-
rate environment. The main feature is that self-triggered
FEE delivers time-stamped data messages on activation
of the respective detector channel [2]. The data sent by
the FEE will be aggregated and transported to a high-
performance online computer farm located in the Green
IT Cube for data reconstruction and selection in real time.
The read out components of mTOF are depicted in Fig. 2
[3]. The pre-amplifier discriminator (PADI X) has 32 chan-
nels on each board and the threshold can be set via slow
control. The PADI boards are directly connected to the
MRPC readout electrodes inside the gas box. The advan-
tages of this configuration are the suppression of the elec-
tromagnetic induced noise from outside and the impedance
matched transmission line from electrodes to PADI. The
LVDS signals from PADI contains the time information in
the leading edge and TOT signal width. Then the signals
are digitized by TDC called GET4. A radiation hard ASIC
called GBTx collects and combines data from 40 GET4
chips, sending them to the Data Processing Board (DPB),
which is located in the DAQ room outside of the cave. The
DPB concentrates the data from 6 GBTx boards and imple-
ments them into a data container with specific time interval.
This process is called p-time slice building. The p-time
slices from several DPBs are sent to the First Level event
selector Interface Board (FLIB) where they are combined
into time slices and stored on the hard drive for later offline
analysis.

PADI: Preamplifier board 32 CH

Feed through PCB

GET4: TDC board 32 CH
DPB: FPGA board

Backplane with GBTx chip m A
¥y T

Figure 2: Readout chain of mTOF.

CBM TOF module

FLIB: FPGA card

Preliminary results from mTOF beam tests

The analysis is based on subset of data from the 2019
beam time specifically on data from run 159, where the
beam of 1.58 A GeV Ag ions hit the thin Au target( 1%
interaction probability). The beam intensity was around 2
x 107 ion/s reflecting in a charged particle flux of about
10 Hz/cm? on the triple stack counters. The HV of the five

136



CBM Progress Report 2019

modules was 4 5300 V (106 kV/cm) and the PADI thresh-
old was set to -300 mV. A track-finding method was devel-
oped to evaluate the counter performance. The first step is
to calibrate raw experimental data. This includes the cal-
ibration of position offset, time offset and walk. Fig. 3
shows the hit distribution of an exemplary counter after
calibration with a clearly seen detection area (x-axis rep-
resents the strip number while the y-axis denotes the strip
length of 27 cm).
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Figure 3: Hit distribution of an exemplary counter. The
x-axis represents the number of readout strips (32 in to-
tal) and the populated area on the y-axis matches the strip
length of 270 mm.

The next step in the performance evaluation is the for-
mation of tracks starting from the diamond detector to all
MRPC layers. The efficiency is evaluated by comparing
tracks where all stations have a hit N g;; with tracks where
the counter under test is missing Njy;ss. It is calculated by
N4+ divided by the sum of Nz7;; and Njy;ss. The obtained
global efficiency of the exemplary counter (center counter
in module M2) is determined to be about 92% as shown in
Fig. 4. It is obvious that there is an under estimation of the
real efficiency since the greenish band represents an area
of missing hits which is caused by a synchronization mis-
match in the epoch counter of the GET4. The true counter
efficiency can be estimated by taking only the red part into
account which amounts to above 95%.

An interesting feature of the tracking method is the pos-
sibility to visualize different vertexes as depicted in Fig. 5.
Here, tracks neglecting the diamond counter are projected
to the target plane. The main contribution comes from the
target and the diamond counter (oval shape) while the right
spot is generated by the beam exit window of the target
chamber.

Conclusion and next steps

During the March 2019 beam time campaign several
MRPC could be successfully tested. Out of 1600 chan-
nels from 5 mTOF modules, and only one channel was not
functioning. The beam test results prove the feasibility of
data-driven readout chain together with the tracking anal-
ysis method. However, a higher stability in the readout is

Time-of-Flight Detector

-10 0 10
x(cm)

Figure 4: Global efficiency of the exemplary counter. The
data loss caused by the readout spoils the true efficiency
which is above 95%.

=40 B
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Figure 5: The intersection of extrapolated mTOF particle
tracks with target plane. The left spot is generated by inter-
actions with the target and the right less pronaunced spot is
caused by the beam exit window of the target chamber.

needed in order to perform the targeted high rate tests in
2020. Those high rate tests are essential in order to accom-
plish the production readiness review. As for the mCBM
experiment, combined data taking with other subsystems
with the final goal of A reconstruction is the future aim.
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Considerations on the y?-matching between MRPCs in reaction data analysis*

C. Simon', N. Herrmann', and L. Deppner1

'Ruprecht-Karls-Universitit Heidelberg, Heidelberg, Germany

In a successful series of MRPC prototype in-beam tests
with heavy-ion reaction products the CBM ToF group has
aimed at testing high-rate and low-rate counters under full-
area load to get a complete picture of the detector perfor-
mance to be expected under CBM conditions. The data
analysis for a detector under test (DUT)—usually sand-
wiched between at least two additional MRPCs in the ex-
perimental setup—consists in first determining a selector
hit or tracklet, respectively, which implies a passage of
the underlying physical track also through the DUT and
then matching to the reference prediction in the DUT plane
(Tyef,> Yrets tret) the nearest-neighbor (NN) hit on the DUT
(zo, Yo, to; if any) with the smallest chi-square,

To— T 2 Yo — Y 2 to—1 2
X2 ::( 0 ref) +( 0 ref> +<0 ref)
[ Oy o

For the x2-method to be fully applicable the residuals
Ax, Ay, and At between the predicted and the actual DUT
hit should be predominantly Gaussian in shape. However,
this assumption does not strictly hold under all experimen-
tal conditions. Intrinsic non-Gaussian response tails, for
instance, reduce the x2-efficiency even in a single-track
environment (e.g. with cosmics) where non-Gaussian re-
sponse distortion by the interference of multiple physical
tracks does not play a role. Also, the segmentation of the
readout electrode leads to a rather discrete response in one
dimension for small clusters and further causes a geometri-
cal bias between reference counter(s) and DUT depending
on their relative orientation. If the DUT is deficient in the
selected spot, the NN approach still generates some match
on a large-area counter in a multi-track environment. Im-
posing a x2-limit and extrapolating the actual y2-efficiency
is inevitable under such constraints.

The ToF digitization scheme [1] allows for studying sys-
tematically the non-Gaussian response effects that neces-
sitate a careful interpretation of the extracted DUT effi-
ciency. For this report, a large-area float-glass prototype
sandwiched between two high-rate prototypes, serving as
hit selectors, is irradiated with an external particle flux of
about 1 kHz/cm? (mean external track multiplicity: ~ 1.2)
originating from 19 AGeV /c Ar+Pb fixed-target collision
secondaries. The simulated NN y2-distribution (cf. Fig. I,
left plot) with fitted weights o, 0y, and o clearly shows a
non-Gaussian tail beyond the set limit which is not accessi-
ble with the y2-method. To add another level of complex-
ity, the performance of the float-glass DUT degrades as a

*This project was partially funded by BMBF 05P15VHFCI and by
EU/FP7-HadronPhysic3/WP19.

function of time in spill (TIS; cf. Fig. 1, right plot).
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Figure 1: Left plot: Nearest-neighbor (NN) matching x2-
distribution (blue curve) between the DUT and a reference
MRPC including a fit (red curve) within a y2-limit of 3
(green curve). Right plot: Time-in-spill (TIS) evolution of
the Gaussian sigma fit to the NN time residual At (blue
curve). The horizontal red line shows the fit result for the
TIS-integrated residual.

Under homogeneous single-track irradiation with
1kHz/cm? the counter yields a mean Monte-Carlo effi-
ciency of ~ 94 %. This number cannot be reproduced in
the reaction environment (cf. Fig. 2) with the x2-method.
To study the y2-efficiency differentially as a function
of TIS it is advisable to redetermine the TIS-dependent
x?-weights along the axis.
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Figure 2: Total y2-matching acceptance (blue curve), ex-
tracted y2-matching efficiency share (green curve) at a
limit of 3 (x2-CDF: ~ 60.8 %), and extrapolated total x2-
matching efficiency (red curve) as a function of time in spill
(TIS). In the left plot, x2-weights were derived from TIS-
integrated residuals; in the right plot, they were determined
differentially for each axis bin.
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Progress in Projectile Spectator Detector project*

F. Guber®
INR RAS, Moscow, Russia

Status of the CBM PSD modules use in the
external experiments during FAIR-phase-0

The CBM PSD project has substantial progress in 2019
in preparation to experiments in the framework of FAIR-
phase-0.

Twenty of already constructed CBM PSD modules have
been used for the assembly the new FHCal at BM@N ex-
periment. The FHCal has been assembled and equipped
with FEE and readout electronics and installed at the
BM@N. The first tests on the cosmic muons has been done.
The photo of the calorimeter is shown in Figure 1.

Figure 1: Left - front view of the BM@N FHCal. Right —
the backside of the FHCal with installed FEE and readout
electronics.

Another 13 PSD CBM modules have been used to up-
grade the main PSD at the NA61/SHINE experiment at
CERN. Here 4 CBM PSD modules with tapered edges are
used at the center of the calorimeter to provide the beam
hole 60 x 60mm? and another 9 modules are placed on
the top and lateral sides of the calorimeter. The photo of
upgraded main PSD is shown in Figure 2.

More details of the CBM PSD modules in these exper-
iments can be found in [1]. First experiments at BM@N
and NA61/SHINE are expected at the end of 2021.

mPSD@mCBM

At the end of 2019 and beginning of 2020 first tests to
study of the mPSD response at mCBM up to top CBM in-
teraction rates of 10 MHz and with the full free-streaming
data acquisition system have been performed. The main
goal was to test the mPSD prototype as a part of mCBM
experiment to approve and verify the feasibility of the PSD
readout concept. The mPSD prototype includes crucial

*For the CBM PSD working group
T guber@inr.ru
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Figure 2: The upgraded NA61/SHINE mPSD which used
13 CBM PSD modules. First experiments at BM@N and
NAG61/SHINE are expected at the end of 2021.

parts of the readout such as Addon prototype board devel-
oped at INR RAS, and ADC FPGA readout board based
on the ADC developed for PANDA ECAL. In this setup,
Addon incorporated only the single-ended to differential
converters and the necessary power systems. Photo of the
assembled FEE setup is represented in Figure 3.

Figure 3: Photo of the ADC board assembled with the Ad-
don board prototype.

The mPSD beam tests included all conceptual hardware,
firmware and software parts, which will be used for final
PSD@CBM setup. Signal transmission chain, ADC data
processing on 80 Msps rate and GBT protocol functionality
with clock switching procedure were tested. To check the
synchronization of the data from the detectors, the time cor-
relation graphs are constructed, Figure 4. An explicit peak
in the distribution of the difference in the response time of
the detectors TO and PSD (time offset), located at about 200
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ns, indicates the correlation of the data and serves to select Very important task performed with Czech group in
beam events. Feasibility of the readout concept was proved 2019, was the construction of PSD support structure for
and development of the full PSD readout system has been  the PSD CBM. The support platform, Figure 5, was fully
started. constructed and will be shipped at GSI at 2020.

TO-Psd
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Figure 4: PSD-TO correlation.

Status of SiPMs radiation hardness study

The Rez group continued in 2019 the study of the degra-
dation of the Silicon Photo Multipliers (SiPM) response
due to high neutron fluence (see V. Mikaylov et al. arti-
cle in this CBM progress Report 2019 and [2]). Hama-
matsu SiPMs MPPC S12572-010P are considered now as
the best ones for the scintillator light readout at the PSD.
These SiPMs were chosen due to small pixel recovery time
allowing PSD to operate at collision rates up to 108 ions/s.
Their small 10 x 10um? pixel size not only increases the
calorimeter dynamic range, but also is presumably related
to the better radiation hardness. It was shown that the single
module energy resolution measured at different hadron en-
ergies at CERN test beams practically did not suffer from
the radiation after irradiation up to 2.5 x 1011 ne,/cm?,
which is the worst case scenario for a one year of the CBM
experiment operation.

Status of preparation of the CBM PSD
support platform

Figure 5: PSD CBM support platform.
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Extended study of Silicon Photomultipliers radiation hardness for PSD*

Vv MikhaylovT 12 4. Kuglerl, \% Kushpill, S. Morozov*

, and O. Svoboda!

INPI of CAS, Re?, Czech Republic; ICTU, Prague, Czech Republic; 3INR RAS, Moscow, Russia; *MEPHI, Moscow,

Russia
Introduction < 1072+ Zecotek 8um A
£ 1073 F Zecotek 8um N . /
Silicon PhotoMultipliers (SiPM) are used for the scin- = 9 =—— Hamamatsu 10umold -~ %
tillator light readout at Projectile Spectator Detector (PSD) g 107 Hamamatsu 10{_’[‘ new’” ;s
[1]. The main issue of SiPM application is their degra- 5 10°%F
. . 3 E
dation 1ciue to h12gh neutron fluence that can reacl? up to _% 107 s "4 Ketek 15um
2 x 10™* neq/cm* per year of the experiment operation [2]. 8 1070 Sensl 29um B
Multiple irradiatign tests of SiPMs were conducted at the 78? Sensl 29um C
cyclotron of NPI ReZ with a broad neutron spectra and total 107 f ~ |+ Ketek Soum
fluence in the range of 5 x 10'° =6 x 10'2 neq/cm?. o o 1010 10 10" 10"
The list of investigated SiPMs and their parameters, Fluence [neq/cmz]
n.j:lmel}{ break@own voltage ‘./bd, number of pixel§ Npiz, 3 16F Zecotek Bum A
pixel pitch, gain, photodetection efficiency PDE, pixel re- ?%; 150 Zecotek 8um N
covery time Trecovery, Pixel capacitance Cp;y, quenching £ " F—— Hamamatsu 10um old
resistance R, difference between turn-on and turn-off volt- %:c 1 '4§ I;atm:r;l;usu 10pm new
. . F—4— Ketek 15um .
age for the Geiger avalanche V3,4 — V5, are presented in ?? 1 -35 Sensl 29um B
table 1. z 1.2 Sensl 29um C .
é:f 1 =+ Ketek 50um i !
SiPM measurements in lab £ p— :
Figure 1 presents dependence of SiPM electrical charac- 095 R TRV TR
ot . : : 0 10 10 10
teristics on ﬂuenc.e for the 1nvest1ga.ted SI.PMS.. Overvolt- Fluence [n_/cm?]
age Voy =1 V is used because highly irradiated Ketek - &q
and Sensl SiPMs reach 10 mA limit of electrometer supply £ 1 825 * ;:22:‘::: g”rm” ﬁ
. . . T E
right aftgr 1 V. All the SiPMs follqw the treqd of linear dark g 1 03— Hamamat;lu 10um old
current increase with fluence which is typically observed 531 025 Hamamatsu 10pm new
for silicon sensors. Dark current increased in up to 5 orders © 101 Ketek 15um [ : {
of magnitude for highly irradiated SiPMs which resulted in 2 1= l | ,IAF
huge noise and power consumption. Breakdown voltages 8 «0.99F l
were extracted as maximum of 1/Tyqrk + (dlgark/dVies), '_OQO_98§ 2222: ;g”mg
but its change after irradiation did not exceed 0.5 V. 0.97; Ketek 50tm
SiPM quenching resistances were extracted from dark 0.965 N bl il
0 1010 10" 10" 13

current versus forward voltage measurements as R, =~
Npiz/(dlgark/dViorw). For fluence higher 10'! neq/cm?
R, seems to increase by up to 20 % for some SiPMs, for
lower fluences it is below the measurement uncertainty of
8 %. Pixel capacitances were extracted from capacitance-
voltage measurements as Cpiz = Cpar/Npip at 10 kHz
frequency and bias voltage 1 V below Vpq. Cp, did not
change after the irradiation for most SiPMs.

Signal to noise ratio was extracted from measurement of
SiPM response to 10 ns LED pulses as SNR = Q/O’Nm‘se,
where @ is the measured signal charge. Figure 2 shows
drastic degradation of measured charge and consequently
SNR in up to 3 orders of magnitude after irradiation
with high fluences. However, both old and new version

*Work supported by Czech MEYS - LM2015049 ,
CZ.02.1.01/0.0/0.0/16-013/0001677
 mikhaylov @ujf.cas.cz
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Figure 1: Dependences of dark current (top), quenching re-
sistance (middle) and pixel capacitance (bottom) on fluence
for different SiPMs at overvoltage Vo =1 V.

of Hamamatsu 10pum SiPM after irradiation with & =
2.5 x 101! neq/cm2 exhibit signal to noise ratio above 10
which is considered to be sufficient for the calorimeter op-
eration.

Dark current and LED response after irradiation directly
depend on the pixel size, i.e. the bigger the pixels — the
higher the dark current, and the lower are signal charge and
signal to noise ratio. Detailed information on conducted
measurements can be fond in our article [3].
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Table 1: Parameters of investigated SiPMs produced by various manufacturers. Most of parameters are typical and vary
from sample to sample. All SiPMs have 3 x 3 mm? area. Values of Chiz, Rq and Vg — V, ¢ 5 are from our measurements.

Fluence [neq/cmz]

Figure 2: Dependences of signal to noise ratio on fluence
for different SiPMs at overvoltage Vo =1 V.

PSD calorimeter performance

PSD single module response to proton beams was stud-
ied in the momentum range of 2 — 80 GeV/c. Mod-
ule was consequently equipped with 3 batches of Hama-
matsu SiPMs MPPC S$12572-010P irradiated by 2.5 x 10*%,
1.6 x 10'? and 4.5 x 10'? neg/cm?. These SiPMs were
chosen for the superior radiation hardness and small pixel
recovery time allowing PSD to operate at collision rates
up to 10® ions/s. Their small 10 x 10 um? pixel size not
only increases the calorimeter dynamic range, but also is
presumably related to the better radiation hardness.

Figure 3 shows that linearity of the calorimeter response
did not suffer from the radiation. Only slight deteriora-
tion of energy resolution is observed after irradiation by
2.5 x 10 neq/cm? which is the worst case scenario for a
one year of experiment operation. Modular detector struc-
ture of CBM allows to exchange the most damaged SiPMs
every year if necessary. Achieved results are as well of
interest for MPD and BM@N experiments at NICA and
NAG61 experiment at CERN where very similar calorimeter
design including the SiPM light readout is utilized.
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Figure 3: Energy linearity (top) and resolution (bottom) for
single module equipped with non-irradiated and irradiated
SiPMs. SiPMs were operated at overvoltage Voy =3 V.
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The superconducting dipole magnet of the CBM experiment

Peter Senger for the CBM magnet team

Facility fiir Antiproton and Ion Research

The Final Design Report of the CBM SC magnet has
been approved in Dec. 2019 [1]. Six SC cables, each of
about 5 km length, have been manufactured for three coils
by the Bochvar Institute, Moscow. The insulation of the
cable has started at VNIIKP in Podolsk in November 2019.
Impregnation tests with a dummy coil are ongoing at BINP
Novosibirsk. The iron blocks for the yoke have been pur-
chased. A photograph of the cross section of the SC cable
is shown in figure 1. The ratio of cupper to superconduc-
tor NbTi varies between 6.7 and 7.0 for the different cables
produced. The total length of the cable in one coil is about
9 km, therefore, two cables have to be connected. Figure 2

Figure 1: Photo of the cross section of the SC cable.

depicts the cross section of a mock-up coil after impregna-
tion test. The coil is a 1 m long straight section, which was
vacuum impregnated with an epoxy compound filled with
Boron Nitride powder. The BN adapts the thermal expan-
sion coefficient of the epoxy compound to that of copper
in order to avoid cracks when cooling down. The next im-
pregnation test will be performed with a round coil, like the
final one, to provide more realistic conditions.

The cross section of the upper coil is shown in figure 3.
The main components of the coils are superconducting ca-
bles, the copper and the stainless steel cases, the support
struts, and the radiation shielding. The coil is indirectly
cooled by liquid helium flowing in a tube at the outer cir-
cumference of the copper case around the coil. The single
support strut is shown in figure 4. as a yellow ring. This
cylinder will be made from glass fibre reinforced plastic, it
reduces the deformation of the stainless steel plate due to
the magnetic forces, with respect to the eight single struts
of the former design. The eight titanium rods hold the coil
when the magnetic field is switched off. The cooling of the
superconducting coils of the CBM magnet is based on the
thermosyphon principle. The liquid Helium, which has a
temperature of 4.5 K and a pressure of 1.3 bar, goes from
the cryostat down to the lower coil, then to the upper coil,
and finally the helium returns to the top of the cryostat. The

__— Support strut

Stainless steel plate

Helium cooling tube

'

lidd dailibl bl

- SC winding
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Figure 3: 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.

cycle is driven by buoyancy, caused by the Helium bubbles
created in the tube surrounding the coils. Therefore, these
tubes have a slope of 1degree (see figure 4). The Helium
flow is maintained by an additional heater located in the
return tube below the cryostat. The cryostat, the Helium
tubes, and the coils are enclosed in vacuum vessels as illus-
trated in figure 5. The cryostat is supported by liquid He-
lium via a transfer line of more than 30 m length, which is
connected to the branch box located at the wall of the cave
as shown in figure 6. The branch box distributes the lig-
uid Helium coming from a cryo-plant to the CBM magnet,
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Figure 4: The upper coil assembled with the support strut
and the titanium rods.

Assembling

place Upper coil

He transfer
line

Lower coil

’

Figure 5: : Cryostat and vacuum vessels of the coils and
the liquid Helium tubes.

and to the feed box for the HADES magnet. For cost rea-
sons, the magnet yoke and the pole shoes will be assembled
from steel plates of about 12 cm thickness as illustrated in
figure 7, which depicts the ANSIS model of the magnet.
The white lines indicate the gaps between the plates. For
the calculation, a gap size of 3 mm was assumed. The color
code refers to the magnet field strength. While the maxi-
mum field inside the magnet gap and the field integral does
not depend on the lamination, the stray field increases for
the horizontal lamination by about 25% compared to no or
vertical lamination. Detailed calculations of the stray field
in the region of the RICH photodetector including a shield-
ing box are ongoing. If necessary, the horizontal yoke part
opposite to the RICH may be produced as massive block,
i.e. without lamination, in order to reduce the stray field.

Figure 8 depicts the support of the magnet, which allows
to adjust and align the magnet in x, y, and z direction by £
4 cm, and to rotate it along the beam axis by + 2 degrees.

Magnet

| R S

|| Helium transfer line,
length >30m

Cryostat

Branch Box

CBM magnet

—

Figure 6: : General view of the CBM magnet including
cryogenics.

Figure 7: ANSYS model of 1/8 of the magnet, illustrating
the horizontal lamination of yoke and pole shoe. The color
code illustrates the magnetic field strength.

Figure 8: Support of the magnet yoke providing alignment
(see text).

The next milestone of the magnet project is the Final De-
sign Report in fall 2020. The construction of the magnet
has partly already started, and will end according to sched-
ule in fall 2022 with the Factory Acceptance Test.
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3D- magnetic field calculations for the muon setup of the CBM experiment

P.G. Akishin*' and V.P. Ladygin®
ILIT-JINR, Dubna, Russian Federation; 2LHEP-JINR, Dubna, Russian Federation

The CBM superconducting dipole magnet [1] with the
enlarged vertical aperture of 1440 mm has to provide a ver-
tical magnetic field with a bending power of ~1 T-m over
a length of 1 m from the target. One of the options of the
CBM setup for SIS-100 includes a muon detection system
(MuCH), which consists of one carbon and 3 steel absorber
blocks and 4 tracking detector triplets [2] placed down-
stream the magnet. This report presents results of TOSCA
[3] calculations of the magnitude of the magnetic field and
the acting forces on the MuCH detector.

Figure 1: 3D model for CBM SC dipole magnet with
MuCH system.

opera
Figure 2: The CBM magnet saturation picture.

The 3D model of the CBM dipole magnet with 3 steel
MuCH absorbers is presented in Fig.1. It is assumed that
the first absorber is a carbon, and that the support structures
of the MuCH system are made from nonmagnetic materi-
als. Therefore, they are not included in the model. Two
plane symmetries of the magnetic field have been taken into
account, that allowed to reduce the number of unknown pa-

* akishin@jinr.ru

rameters. About 2-10% elements and 3.9-107 nodes have
been used for 1/4-th part of the model.

The magnet field saturation inside the CBM magnet is
shown in Fig.2. The maximal field saturation is at the poles.

Op€ra

Figure 3: Magnetic field saturation in the 2-nd MuCH ab-
sorber.

The distribution of the magnetic field in the 2-nd (or 1-st
steel) MuCH absorber is shown in Fig.3. The diameter of
the hole in the 2-nd absorber is taken as 26 cm. The max-
imal value of the magnetic field of ~0.25 T is in the cen-
ter of this absorber. The Maxwell stress calculation of the
force acting on the 2-nd MuCH absorber results in a value
of ~1095 N. The forces for the last 2 steel are negligible .

opera
Figure 4: Vertical magnetic field component B, distribu-
tion in the X Z plane at Y=0 mm inside the CBM magnet.

The total current through one coil is taken as 1.2 M A.
The distrubution of the vertical magnetic field compo-
nent B, in the X Z plane at Y=0 mm inside the magnet
is shown in Fig.4. The B, distribution along the beam
direction is presented in Fig.5. The maximal value of
the B, component is ~1.1 T" with the field integral of
~0.9947 T'-m.
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Figure 5: Vertical magnetic field component B, distribu-
tion along the beam direction.

The 3D-calculation for the muon option of the CBM
experiment at SIS100 [4] has been performed using the
TOSCA code [3], and a 3D- field map for CBMRoot has
been provided. It is demonstrated that the field integral is
~1 T - m. The Maxwell stress calculation has been used
to evaluate the forces acting on the MuCH steel absorbers.
It is shown that the forces acting on the 2-nd absorber is
~103 N, while they are negligiable for the last two ab-
sorbers. The next step can be the estimation of the forces
acting on the support structures of the MuCH detector.
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Stress calculations for the CBM superconducting dipole magnet coils

Yu.V. Gusakov*', A.V. Bychkov', and V.P. Ladygin'
1L HEP-JINR, Dubna, Russian Federation

The design of the CBM superconducting dipole magnet
with the enlarged vertical aperture of up to 1440 mm has
been substantially updated with respect to the initial one as
presented in the TDR [1]. A major difference is the struc-
ture of the superconducting coils.The vertical force on the
coils is about 300 tons at a test current of 700 A. In the
original design, the cold mass of the coil is suspended from
the room temperature vacuum vessel by six G-10 struts of
cylindrical shape, while in the last year two new designs
have been studied in order to reduce the deformation of the
coil: one suggestion was to increase the number of struts to
eight, and the other one was to replace the eight struts by
one single ring-shaped strut with the diameter of the coil.
In the following, results of stress calculations are presented
for eight cylindrical G-10 struts using the ANSIS code [2].
The geometry of the coil is shown in Fig.1. The structural
model of a strut used for the ANSYS calculations is shown
in Fig.2.

Figure 1: The coil with eight support struts.

Figure 2: The structural model of a G-10 strut.

The ANSYS calculations have been performed in order
to estimate the deformation, and the equivalent and shear
stresses. The results of the coil deformation in the verti-
cal direction are shown in Fig.3. The maximal deforma-
tion of the coil is ~0.07 mm. The maximal values of the
equivalent (von Mises) and shear (XY -plane) stresses are

* jourii.gusakov@cern.ch
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~64 M Pa and ~27 M Pa, respectively. Their distribu-
tions for the coil are shown in Fig.4 and Fig.5, respectively.
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Figure 3: Deformation of the CBM magnet coil.
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Figure 4: Equivalent stress of the CBM magnet coil.
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Figure 5: Shear stress of the CBM magnet coil.
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Rail System - baseline description

P. Kuhl, P. Dahm, and M. Kis*
GSI, Darmstadt, Germany

Description

Three downstream detectors (subsystems) of the CBM
experiment are placed on the common rail system (RS):
TRD, TOF, and PSD. The primary function of RS is to fa-
cilitate the movement of detectors along the beam axis in
order to bringing them into required measurement position
or during maintenance periods into service position. The
second function of RS, that is anchored into ground floor,
is to provide for the prescribed earthquake safety of above
detectors. The positioning precision in movement direction
is better than 0.1 mm determined by drive mechanics, while
repeatability of positioning depends on implementation of
position measurement device (laser) and drive mechanics.
In vertical and horizontal direction positioning depends on
actual implementation of rails which is typically less than
0.5 mm.

The RS comprises two rail pairs: inner and outer. In-
ner rails are 4 m apart and outer 8§ m apart with nominal
beam axis being in the middle of both pairs. Only inner
rails are equipped with additional gear-racks for the drive
mechanics. The PSD is placed on two inner rails while two
other subsystems use all four rails. In order not to over con-
straining movement on four rails, the inner and outer rails
differ in implementation; the inner rails are using the run-
ner blocks (carriages), while outer rails are only supporting
the weight.

Interfacing between RS and subsystems is facilitated
with a connection plate (aka low platform aka sub-frame,
concept drawing is shown in Fig. 1). The connection plate
provides high precision joint towards the RS on one side
and flexibility to the subsystem frame. Its construction pro-
vides required stiffness so that the installation tolerances
for integration into the RS and for load distribution over
the four (or two in case of PSD) rails are met. It also serves
as a mainframe for the drive/engine installation.

*m.kis@gsi.de

Subsystem specific frame layouts

TRD comprises four identical layers of detector modules
in a single frame. The frame is constructed in such way
that each layer-half (left or right relative to beam axis) can
be almost fully unfolded from the frame for installation or
maintenance of detector modules while the frame depth (in
beam direction) remains fixed.

TOF internal structure comprises two regions of detector
modules referred to as inner and outer wall. The inner wall
can be fully extracted and placed independently from the
main TOF frame. In beam direction the inner wall is shifted
beam downstream relative to outer wall so that the partially
overlapping detector modules are fitted behind. The instal-
lation and servicing of detector modules requires scaffold-
ing up- und downstream from the frame.

PSD is due to the beam deflection at its measurement
position very sensitive to exact beam axis. Therefore the
PSD frame allows for horizontal and vertical translation
and limited rotation around its vertical axis. Different po-
sitions of PSD are taken into account for integration of the
PSD frame onto the RS. The PSD frame is also providing
support for the BFTC.

Dimensions

The rail system spans distance between the CBM dipole
foundation and beam dump entrance of about 16.5 m which
is approx. half of the CBM cave length. However, due to
the MUCH/RICH foundation placed just behind the mag-
net foundation, only about 13 m is available for three down-
stream detectors. Assuming the depth of detectors 2.9 m
for TRD, 2.0 m for TOF, and 2.5 m for PSD, only about
8 m is left for installation work on detectors. Consequently
only one of the detectors can be installed/maintained at the
given time.

Figure 1: Concept of connection plate; each subsystem is placed on the sub-frame that is attached to the rail block-runners.

The sub-frame also integrates the drive mechanics.
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Upstream platform - new concept

P. Dahm, M. Kis*, and P. Kuhl
GSI, Darmstadt, Germany

Upstream platform composition

The term upstream platform is used to denominate a
composite platform structure that occupies upstream (rel-
ative to target position) area of the CBM experiment area
E10. Main purpose of the platform is to serve as CBM
dipole stand and HADES platform, but also to provide ra-
diation shielding for the area under the platform that we
refer to as service area.

The principal components of upstream platform are de-
picted in Fig. 1; the magnet foundation is a concrete block
primary serving as support for the dipole and in addition
as an anchor element for the iron support structure that are
joined to it. The iron support structure is principal bear-

Figure 1: Upstream platform consist of: magnet foundation
(dark gray), iron support structure (blue), shielding con-
crete (HADES side orange, service area yellow), and iron
shielding plates (red).

ing element for the 60 cm thick shielding concrete blocks
from which the platform is made. Because of weight of
HADES ECAL system an additional iron support structure
is placed under concrete blocks where its rails are laid out .
Additional shielding blocks are placed on the ground floor
next to the magnet foundation with an emergency exit cat-
out to form a shielding wall against neutrons from the beam
dump.

The major difference in respect to previous design is a
two level platform concept; height of the area under the
beam axis (HADES area) is optimized to accommodate
HADES detector and the area right to it is optimized for
height of space underneath - service area. Since the mag-
net foundation is only concrete element that has to be cast
on site, the whole installation process can be simplified.
Please note that front part of the platform is not shielded
with concrete but it is covered with iron plates; this allows

*m.kis@gsi.de

for flexible installation of needed detector supplies in par-
ticular for HADES.

Since the radiation last imposed on STS during HADES
experiments can be considerable, it is necessary to intro-
duce an additional beam dump between the HADES and
CBM dipole that we will be referred as HADES beam
dump. Conceptually it is foreseen that the HADES beam
dump is mounted only after HADES is prepared for exper-
iment by using existing HADES ECAL rails for its place-
ment. The beam dump comprises an iron core and concrete
shell so that the overall weight is kept at about 20 t.

Layout of service area

Underneath the concrete shield the E10 service area has
surface of about 90 m? which serves as installation space
for 19-inch industrial racks 80 cmx 100 cmx47 HU. The
initial positioning allows for two rows of 12 (cf. Fig. 2)
racks with enough space for installation from forward and
backward. The water cooling can be installed directly to
devices/crates placed within racks. Any kind of air-cooling
is not foreseen because the whole installation is placed
within a concrete shielding. The racks are primarily popu-

iron support for HADES ECAL
and belam dump

14 [—2.4m—>|

4x6 racks (w x d) 80 cm x 100 cm

LR BT

104 m

HEREEEREEREN

18.5m

Figure 2: Service area top view; shown are two rows of
racks and iron support for HADES ECAL.

lated with PSUs of all subsystems. They can also be used
for additional devices that need to be placed within the ser-
vice area e.g. gas manifolds and ambient pressure controls.
Dedicated Ethernet switch is also placed here (for DCS and
Campus Network). Apart from the power cabinets (not
shown) for power distribution, the magnet power supply
and controls are placed in a vicinity of magnet foundation.
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Computing and experiment control rooms

D. Emschermann and M. Kis*

GSI, Darmstadt, Germany

Control room

The CBM experiment has made few iterations during
shaping process of the control room. The initial version
was substantially extended by completely absorbing the
meeting room that does not exist any more. The overall
surface of the control room is now about 155 m2. In ad-
dition to experiment preparation room, it is the only place
intended to be occupied by people during experiment run-
ning.

The overall layout anticipates two modes of usage i.e.
experiment preparation and production running. It is envis-
aged that during production runs only limited craw can op-
erate the whole experiment e.g. shift leader with DAQ and
control crew members with subsystem-experts on call. On
the other hand, during startup phase each subsystem has its
own working space. In the layout presented in Fig. 1 each
subsystem has two/three seats. Each seat is equipped with
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Figure 1: Control room layout: 10 subsystem with 22 seats
plus run and shift leader seats. In addition six guest seats
are foreseen on the left side and large monitors on the wall
right.

its own workstation with up to four monitors. In particular,
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the four wall displays are used for global run parameters
monitoring. Guest seats are prepared for laptop users.

The spaces between work places are kept at possible
minimum in order to allow for emergency evacuation.
Since no meeting room will be available on the premises,
the ad hoc meetings during runs will be held in control
room while all other meetings have to be scheduled in an-
other location.

Computing room

The computing room (aka electronics room) is located
next to the control room. The room serves as a connection
node (FLES entry node) room where all glass fibers from
the readout of experiment subsystems are fed into corre-
sponding servers. Room layout shown in Fig. 2 anticipates
placement of 24 server racks of standard width (80 cm) and
depth (120 cm), but with integrated passive cooling doors
which adds 23 cm to overall depth. The overall height of
47 HU can be used to hold up to 9 servers (4 HU each).
This allows for installation of more than 200 servers, or ac-
cordingly, to optimize the number of servers and incoming
fibers per rack unit.
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Figure 2: Computing room layout; shown are two rows of
racks and other auxiliaries.
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Similar to the cooling concept implemented in Green
Cube, for the air circulation we relay on fans integrated in
servers. The air is replenished from central corridor and
exhausted towards the walls of the room. Effectively is
the room kept at constant (low) room temperature. This
concept also allows that cooling is engaged per single rack
consequently enabling for an on-demand installation.

An additional rack (labeled 1C in Fig. 2) will be placed
by Campus IT with Campus Network switch. All network
connections on level E40 are patched there.

Due to the envisaged noise generated by servers, the wall
between control and computing room will be additionally
sound proofed.
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Towards Timing and Fast Control (TFC)

V. Sidorenko, S. Béihr, and J. Becker

Karlsruhe Institute of Technology, Karlsruhe, Germany

The Timing Synchroniser (TS) was previously intro-
duced as a provisional solution for use in beam tests [1].
Eventually, it has to be replaced by the more advanced
Timing and Fast Control system (TFC), which is currently
under development at KIT, Karlsruhe. The TFC system
is meant to provide highly accurate timestamp and clock
synchronisation for all CRI boards, as well as low-latency
packet delivery functionality. Those features help increase
tolerance of the experimental data to event bursts and sys-
tem overflows of other nature by reacting to such special
cases in a timely manner with low-latency throttling deci-
sions.

The initial concept of TFC architecture was proposed by
Lukas Meder and its synchronisation principle was heavily
inspired by the White Rabbit project developed at CERN
[2]. Namely, it uses a PTP-like negotiation algorithm
for timestamp synchronisation and the Digital Dual-Mixer
Time Difference technique for accurate phase shift mea-
surement [3]. It also reuses the soft-PLL approach to local
clock phase alignment.

In the implementation that is currently under develop-
ment, TFC is a tree network of FPGA boards intercon-
nected with so-called TFC Links. Each link connects two
network nodes over optical fibre and (re-)synchronises the
downstream node with the upstream one using a PTP-like
negotiation-based procedure.

Master
(AFCK)

FM-514(18)

Sync + FC

(AFCK) (AFCK)

(* submaster
(AFCK)

(" submaster ] (* submaster ]

FM-S14(18) | FM-S14(18) | FM-514(18) |

LS PN

Slave Slave Slave Slave ave Slave
[(DPB/CRI)J [(DPB/CRI)] [(DPB/CRI}] coo [(DPB/CRI}] [(DPB/CR/)] [(DPB/CRI)J

Figure 1: TFC system topology.

The TFC network architecture comprises a Master node,
a multi-layered network of Submaster nodes and Slaves
that are represented by data processing boards (Fig. 1).
Master node defines the global time reference and the
system-wide master clock that is propagated through the
network to Slave devices. Besides, Master role implies fast
control decision making. Submaster units act in the net-
work as switches, having various number of connections
and taking care of transporting fast control messages from
Slaves to the Master and back. Slave nodes, in turn, issue
fast control requests for the decision-making logic hosted

in the Master node and process responses. It is also worth
noting that, in its current implementation, each node in
the TFC network is configured and controlled individually
from a PC over IPbus [4].

AFCK boards are used as a hardware platform for the
TFC network, except for the Slave units, which will even-
tually be integrated into the CRI firmware as a subsystem-
independent interfacing IP-core - TFC Core. When inte-
grated into online data processing firmware, TFC Core pro-
vides subsystem-specific logic with a synchronous global
timestamp together with a clock signal aligned with the
master clock. In terms of required hardware, the Slave-
side interfacing core itself relies mainly on a local pro-
grammable clock generator, which defines synchronisation
precision, a stable system clock source, Gigabit transceiver
interface and IPbus connectivity infrastructure.

Development of the system is currently focused on TFC
nodes themselves and the interfacing module as well as
on preparing reliable clock and timestamp synchronisation
procedures. Small-scale tests are carried out on the setup
at KIT that consists of two AFCK boards connected with
an optical cable. Such a minimal platform is perfectly suf-
ficient for evaluation of individual nodes and communica-
tion protocols, whereas for larger-scale tests a uTCA-based
system at GSI is available.

References

[1] L. D. Meder, D. Emschermann, J. Frithauf, W. F. J. Miiller
and J. Becker, ”A Timing Synchronizer System for Beam Test
Setups Requiring Galvanic Isolation,” in IEEE Transactions
on Nuclear Science, vol. 64, no. 7, pp. 1975-1982, July 2017.

[2] P. Moreira, J. Serrano, T. Wlostowski, P. Loschmidt and G.
Gaderer, ”White rabbit: Sub-nanosecond timing distribution
over ethernet,” 2009 International Symposium on Precision
Clock Synchronization for Measurement, Control and Com-
munication, Brescia, 2009, pp. 1-5.

[3] P. Moreira, P. Alvarez, J. Serrano, I. Darwezeh and T.
Wlostowski, “Digital dual mixer time difference for sub-
nanosecond time synchronization in Ethernet,” 2010 IEEE In-
ternational Frequency Control Symposium, Newport Beach,
CA, 2010, pp. 449-453.

[4] Larrea, Carlos Ghabrous, K. Harder, Dave M. Newbold, D.
P. C. Sankey, Anto Rose, Alessandro Thea and Thomas L.
Williams. “IPbus: a flexible Ethernet-based control system
for XTCA hardware.” (2015).

156



CBM Progress Report 2019

Data Acquisition and Online Systems

Throttling strategies and optimization for the CBM DAQ chain
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Throttling model and strategies

In a free-streaming DAQ system of CBM, data will be
randomly lost when the available bandwidth is saturated
on individual data links, yielding fragmentary data which
can’t be reconstructed anymore. This can be avoided by
adding a throttling mechanism, which ensures that the com-
plete information of a subset of interaction is transported
rather than fragmentary information for all interactions.

A throttling system for CBM is designed and modeled.
In [1], a SystemVerilog based data flow model of the crit-
ical parts of the DAQ system is created, mainly the buffer-
ing and aggregation in the front-end ASICs and the pro-
cessing of throttling information in the subsequent FPGA
layer. With a very simplified data source model, the throt-
tling model is verified with the essential performance indi-
cators like controlled and un-controlled data loss.

Based on the available functionality of the detector front-
end electronics, two strategies called “Stop” and “Clear”
are developed and compared. In the “Stop” strategy accep-
tance of new hits is stopped system-wide when a critical
fraction of buffers have filled up and data links are about
to saturate and resumed when the buffers have emptied. In
the “Clear” strategy, the buffers are simply cleared system-
wide upon a similar buffer condition.

A preliminary research has proven that the probabil-
ity of complete or almost complete events can be signifi-
cantly improved through the throttling mechanism. Differ-
ent strategies are compared in various experimental condi-
tions and the throttling algorithms and parameters are opti-
mized.

Preliminary simulation

In the hit generator of the throttling model, one event
is one collision. In order to keep the initial simulation
simple, the event size is random with a uniform distribu-
tion. For each event, hits have a uniform distribution on all
detector channels. The hit rate Rj;; equals the event rate
multiplied by event size. For a more intuitive understand-
ing of throttling results, the normalized hit rate Rp;: v is
defined as the ratio of hit rate to readout bandwidth. The
model implements 32 ASICs. The total simulated time is
10 ms, covering order of hundreds of throttling cycles. In
the data flow model, the maximum number of 5 readout
elinks/ASIC are active [2], resulting in 50 MHits/ASIC/s
as bandwidth limit.

Throttling parameters are the channel thresholds for
alerts per ASIC and the fraction of ASICs reporting alerts.

In a first phase, the alert threshold is 1/3 out of 128 al-
most full channels. Throttling is triggered when half of the
ASICs report busy alerts. A “good” event which can be re-
stored in the physics analysis is defined as an event where
at least 95% of hits are saved at the end of the acquisition.
The absolute number of good events in the same simula-
tion time is considered as the criterion of the comparison
of different strategies and without throttling. The com-
parison covers a range of the Ry;;_n which extends from
a small fraction of the readout bandwidth up to twice the
bandwidth limit.

Assuming a stable beam intensity, the event rate is only
subject to Poissonian fluctuations. As shown in Figure 1,
green lines represents “all events”. The “all events” are
the event counts of the hit generators. Without throttling,
the good events go quickly down to O when exceeding the
bandwidth limitation. Using throttling, the number of good
events improves significantly. When the hit rate exceeds
the bandwidth limit, a large fraction of the available band-
width is still used for almost complete, good events. With
“Clear” strategy, the good events stay on a plateau. How-
ever, with “Stop” strategy the good events have a slightly
decreasing slope.

«10° Absolute good Events

All events
—+—Good events in "Clear" strategy (AF = 40)
2.5 —>—Good events in "Stop" strategy (AF = 40)
—&—Good events Without throttling

Limit of readout
bandwidth N

Event number

Normalized hit rate

Figure 1: Simulation with stable beam intensity

Figure 2a is the realistic beam intensity structure mea-
sured at the SIS 18 accelerator in a beam time in March
2019 [3]. The measurement time resolution is 20 us. In the
simulation, the event rate is varied and scaled proportion-
ally to the measured beam intensity, and obeys a Poisson
process within each 20 us time slot. Similar improvement
of data quality with throttling can be observed in Figure 2b.
Without throttling, the high intensity fluctuations lead to
event losses already at rates below the bandwidth limit. The
throttling significantly improves the number of good events
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over all hit rates, and provides some advantage already at
rates below the bandwidth limit. When the hit rate exceeds
the bandwidth, the good events exhibit a plateau with both
strategies. However, the good events with “Clear” strategy
are a little more than “Stop” strategy.
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(b) Simulation comparison

Figure 2: Simulation with realistic beam intensity fluctua-
tion

Optimization

According to our investigation, the “Stop” strategy is
more sensitive to the throttling threshold than the “Clear”
strategy. The “Stop” strategy reaches its best performance
at a threshold of 8 almost full FIFOs per ASIC. Our model
is based on the STS-XYTER ASIC. In the current version,
after reset channel FIFOs, the ASIC is waiting for a com-
mand to release the FIFO reset. To reduce the latency of
the throttling decision, the reset should be released auto-
matically instead of manually. Because at least 2 down-
link frames are required to release the reset by firmware,
and the duration of a single downlink frame is 375ns, this
modification can save 750ns. After the investigation of the
alert parameters and automatic FIFO reset release in the
STS-XYTER ASIC, the optimized performances of the two
strategies are compared with the preliminary simulation in
Figure 3. In both beam structures, the advantage of the op-
timization is more obvious with higher beam intensity. The

CBM Progress Report 2019

tests indicate that the “Clear” strategy gives better overall
performance and more robust system behaviour.
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(b) Realistic beam intensity fluctuation

Figure 3: Simulation with optimized parameters
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Read-Out Chain Development for the mRICH and RICH Detectors
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II. Physikalisches Institut, Justus-Liebig-Universitit GieBen, GieBen, Germany

The mRICH Read-Out System in mCBM

The mCBM campaigns in 2019 provided the first oppor-
tunity for a comprehensive test of the mRICH read-out sys-
tem developed in 2018: the RICH DPB firmware, the TRB
hub with integrated CTS, the Optolink firmware for trigger
transmission to the mCBM cave, and the unpacker module
for CbmRoot. For details about these developments, see
the previous year’s report.

Due to limited hardware availability, we could not in-
clude the full mRICH setup. The system used in Decem-
ber contained 44 of the 72 DiRICHs, corresponding to an
active detector region to about 60 %. This region was posi-
tioned so as to achieve the greatest possible overlap of the
mRICH and mTOF acceptance regions.

We confirmed the functionality of the mRICH read-out
chain during common runs with the other mCBM subde-
tectors. The trigger mechanism, detector read-out, and
data acquisition all worked reliably. It became clear that
the hub’s Gigabit Ethernet output link would constitute a
bottleneck at high rates. This potential problem will be
avoided with the change to the CRI (see below). In addi-
tion, the recorded data showed that the implemented cable-
delay compensation mechanism for the trigger signals did
not work as intended. The resulting systematic timestamp
error can, however, be corrected during analysis.

We analyzed the data from the common runs and were
able to reconstruct Cherenkov rings and find correlations
with other subdetectors. For details, see the chapter on
“mRICH Status and First Data Analysis” in this report.

Migration Towards CRI-Based Read-Out

In the course of the migration to the Common Read-Out
Interface (CRI), a new generation of FPGA boards will re-
place the currently used DPBs and FLIBs. The most likely
candidate is the FLX-712 platform developed at BNL for
the ATLAS experiment. It is equipped with four transmit-
ter MiniPODs and four receiver MiniPODs, allowing for a
total of 48 duplex optical-fiber links.

The currently used RICH read-out architecture, based on
DPBs, will require heavy modifications for the transition
to the CRI. Two aspects of the mRICH read-out system, in
particular, will need to be overhauled:

First, the TRB3sc hub board (currently interfacing the
DPB with the combiner boards on the RICH front-end) will
be removed. Instead, the optical interfaces of the combiner
boards, running the TrbNet protocol at 2 Gbps, will be con-
nected directly to the FLX-712. A single FLX-712 can
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Figure 1: CRI setup in GieBlen: Optical patch panel with
48 duplex LC connectors and FLES Input Node server.

cover up to 47 combiner boards, corresponding to 282 of
the about 1200 MAPMTsS planned for the CBM RICH.

Second, the currently used synchronization mechanism,
based on the transmission of asynchronous “microslice
triggers”, will be retired. These triggers had to be gen-
erated by the DPB as the last component of the read-out
chain that was synchronized to the mCBM timing system.
This responsibility will be shifted to the combiner boards.

In order to kick-start CRI development for the RICH, we
purchased an FLX-712 board along with a FLES server that
hosts the board in one of its PCI Express slots. In addition,
we ordered optical-fiber hardware for a custom patch panel
that fans out the MTP-12 connections from the FLX-712
MiniPODs to individual duplex LC connectors. Figure 1
shows the CRI setup in our electronics lab.

We started the development of the “RICH-CRI”
firmware for the FLX-712 and were able to port two
platform-specific components from the previous TRB hub
firmware, running on a Lattice ECP3 FPGA, to the Xil-
inx Kintex UltraScale FPGA on the FLX-712: The Ether-
net media interface and the serial TrbNet interface. This
allowed us to perform first tests of the direct connection
between the CRI board and a combiner board without an
intermediate hub.

The next goal is the synchronization of the combiner
FPGA with the clock and absolute time information from
the CRI using two mechanisms: clock recovery from the
TrbNet link and TrbNet Deterministic Latency Messages
(DLM). When this is possible, each front-end module can
be considered free-running, recording data independently
of an external trigger.
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Romaniuk’
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Continuation of work on GBTXxEMU

The work on the GBTx emulator (GBTXEMU) started
in 2018 [1] was continued in 2019. The hardware plat-
form was still the TE0-712 module. However, the new
GBTEMU-1 motherboard delivered at GSI became avail-
able. It provides the hardware jitter cleaner based on
Si5344 chip and free-running boot clock generator needed
for reliable initialization of the system. It also provides
RJ45 and SFP+ connectors for control and data transmis-
sion. That allows the elimination of additional external
Ethernet PHY connected via the RMII interface.

That enabled preparing and testing the final version of
the GBTXEMU firmware. Its block diagram is shown in
Fig. 1.
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Figure 1: Block diagram of the GBTXEMU firmware for
the new GBTEMU-1 motherboard.

The internal control structure of the GBTXEMU was im-
plemented basing on the hierarchical Wishbone (WB) bus,
with address management and local WB interfaces gen-
erated by the addr_gen_wb (AGWB) environment [2,3],
subjected to significant improvements comparing to the
version available in 2018. The central WB bus runs with
25 MHz clock produced from the free-running boot clock.
That clock also drives the J1B Forth CPU, which initializes
the whole system.

The initialized GTP receiver delivers the reference
clock, that after jitter-cleaning is used to generate the E-
Links base clock (160 MHz), the GBT-FPGA frame clock
(40 MHz) and GBT transmit frame clock (120 MHz).

*Work partially supported by GSI, and partially by statutory funds of
Institute of Electronic Systems
T wzab@ise.pw.edu.pl

After the system is initialized, it may be controlled either
via Ethernet by a 100 Mb/s version of IPbus or via the GBT
link by the IC-controller. (However, JIB is still able to
access the bus.) The original IC controller developed at
CERN was modified to enable control of a bus with a wider
address space required by GBTxEMU.

The clock-domain-crossing blocks, automatically gener-
ated by AGWB, are introduced into the hierarchical WB
bus, enabling communication with blocks operating at dif-
ferent clock frequencies.

The E-Links blocks implemented in the GBTXxEMU
are capable of operating with the E-Link clock frequency
40 MHz (with 40 Mbps downlink, 80 Mbps uplink, and
up to 56 E-Links) or 80 MHz (with 80 Mbps downlink,
160 Mbps uplink, and up to 28 E-Links). The E-Link
blocks also offer limited control of the clock phase (with
78.125 ps resolution), and of input data sampling delay (up
to 2.496 ns with 78 ps resolution, and with selectable clock
edge).

The GBTXEMU is also equipped with the link checker
block, which, together with a similar block in the DPB en-
ables assessment of the GBT link quality.

Development of the DPB firmware

The DPB firmware has been extended with new diag-
nostic functions. The temperature of the SFP+ transceivers
may be read via the I2C interface. In the configuration with
GBTxEMU, the GBT link quality may be measured using
the dedicated link checker block.

Support for the new version of the readout ASIC has
been added. The SMX2.1 requires that the write opera-
tion must be repeated as the whole transaction consisting of
“write address” and “write data” commands. The “paired
commands” feature was added to the STS command trans-
mitter to satisfy that demand.

Support for various E-Links clock frequencies (160 MHz
for CROB operation, 40 MHz or 80 MHz for GBRTXEMU
operation) required significant modification of the DPB
firmware. To avoid duplicate effort, this task was combined
with the refactoring of the DPB firmware, aimed at future
porting to the CRI platform.

The internal IPbus bus with mostly manually assigned
addresses has been replaced with the hierarchical AGWB-
generated structure with automatically assigned addresses.
That approach significantly simplifies parametrization or
future modifications of the blocks and registers structure.

The DPB part of the IC controller required an adaptation
to support communication with the IC in the GBTXEMU
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due to a wider address bus.

In the previous DPB firmware, the initialization was per-
formed by a simple state machine, controlled by a manu-
ally generated binary code. To increase flexibility and to
simplify maintenance, the J1B Forth CPU has been used
to initialize the AFCK board for DPB operation. That step
required the implementation of the initialization routines in
Forth language. An additional advantage of that modifica-
tion is the possibility to read the status of the board via the
UART interface (e.g., available in certain JTAG program-
mers) and to debug the board interactively.

Improvement of the AGWB system

To improve support for complex WB-based systems, the
AGWB environment has been enhanced with the following
features:

e automated support for multimaster busses,
e possibility to define limited-width register,

e possibility to define initial values of control registers
(including bit-fields),

e handling hierarchical XML descriptions of the sys-
tem,

o handling Python-like expressions in the definitions of
values in XML files,

e automated building of documentation in the HTML
format.

Modification of the build system

The build system has been ported to use the open source
FuseSoc tool [4]. Its main advantages are support for many
EDA (Electronic Design Automation) tools used in practice
and ease of describing relationships between design units.
Due to the change in the build system, the following tasks
have been completed:

1. Adding .core files used by FuseSoc to the GBTXEMU
project.

2. Adding .core files DPB project.
3. Adding .core files to the General Cores library.

4. Enabling the connection of an open source address
generator AGWB, developed for the future implemen-
tation of the CRI platform, to the FuseSoc as a gener-
ator.

In order to facilitate the process of functional verification
and regression testing, the fsva [S] program has been im-
plemented. It enables automatic run of test targets defined
in .core files. The tool also allows for seamless integration
with the most known frameworks for testing code written
in VHDL, i.e., UVVM [6] and OSVVM [7]. Both FuseSoc
and fsva are now used in the CI/CD process on the CBM
GitLab server.

Data Acquisition and Online Systems

Modification of software

The Python scripts used to control the DPB have been
modified for operation with the new AGWB-based struc-
ture of blocks and map of addresses.

Access to the GBTXEMU registers via the IC controller
was implemented using the special “raw Python” mode,
which creates Python classes directly reflecting the struc-
ture of registers together with the access functions.

Compatibility  between the CROB-based and
GBTxXEMU-based access to the FEBs has been im-
plemented via an additional “emu” parameter in the
constructor of the CROB-handling object.

Results of tests

The essential functionalities of the GBTXEMU have
been confirmed in tests: stability of the GBT link, correct
operation of the jitter-cleaner, correct communication with
the SMX chips in connected FEBs including the link syn-
chronization and data transmission.

The E-Link clock frequency in the DPB firmware is con-
figurable before the compilation. Correct operation of the
firmware working at 160 MHz (using CROB), at 80 MHz
(using GBTXxEMU), and at 40 MHz (using GBTXEMU) has
also been confirmed in tests.
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Figure 1: Part of the mFLES cluster installed in the Green-
Cube data center. Visible are the two new compute nodes
on top and one FLES entry node.

The mFLES cluster serves as a test and development
cluster for the CBM FLES, as well as the central readout
component of the mCBM experiment. It was used in all
mCBM beamtimes to collect and record the detector data.
In advance of the mCBM 2019/2020 data taking campaign
and to provide extended test and development capabilities
for CBM, the mFLES cluster was upgraded in 2019 with
new nodes and a fast state-of-the-art InfiniBand HDR net-
work.

The node upgrade includes a new head node for infras-
tructure services like user management and shared filesys-
tems, as well as two new compute nodes. All nodes pro-
vide the newest generation Intel Xeon Skylake CPUs with
up to 72 threads in the head node, 192 GB of RAM, and
NVMe storage. The up to 64 threads of the compute nodes
together with two AVX-512 FMA units per core allow the
development and test of highly parallelized code. If re-
quired, compute nodes can be additionally equipped with
up to four GPUs for GPGPU computing.

In conjunction with the nodes, parts of the InfiniBand
network were upgraded to the latest HDR generation. A
40-port HDR switch forms the central part of the new
network. The new nodes are equipped with ConnectX-
6 HDR HCAs. A single HDR link provides a bandwidth
of 200 GBit/s, which drastically exceeds the bandwidth of
PClIe gen 3 x16 connections. Due to the lack of PCle gen4
support on x86 CPUs at the time of installation, a dual
socket HCA is used. Figure 2 shows a picture of the HCA
mother and daughter card installed in a PCle riser of one
of the compute nodes. The HCA uses two PCle gen 3 x16

* Work supported by BMBF and HIC for FAIR

Figure 2: Dual socket ConnectX-6 HDR HCA installed in
a PCle riser of a compute node.
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Figure 3: InfiniBand RDMA throughput for a single and
two simultaneous streams versus message size.

slots simultaneously and presents itself to the host and op-
erating system as two PCle devices. However, both devices
share the same InfiniBand link.

To verify the InfiniBand performance and assess the
characteristics of the dual socket HCA architecture, a set
of RDMA read and write benchmarks was performed. Fig-
ure 3 shows the archivable throughput versus the message
size for four different measurement sets. The read/write
single lines show the throughput for a single stream, trans-
mitted via only one of the PCle devices on both ends. As
expected, the throughput is limited by the PCle interface
and saturates at approximately 109 Gbit/s. For the other
measurements, two data streams (one per PCle device) are
transmitted simultaneously. To reduce onset effects if the
streams are not perfectly synchronized, the measurement
interval for each point is 240s. The solid lines show the
accumulated throughput of both streams. For RDMA read
as well as write a maximum throughput of 198.3 GBit/s is
archived, which is more than 99% of the advertised band-
width. The dashed lines show the throughput of the indi-
vidual streams. It is clearly visible that the HCA provides
nearly perfect fairness between the two devices.
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The CBM computing and software efforts in 2019 were
to a great extent focused to the operation of the mCBM
test experiment as first opportunity to run and read out a
setup with combined detector systems in a free-streaming
way as intended for the full CBM experiment. The mCBM
experiment enabled us thus to apply and test software that
was up to now developed on the base of and benchmarked
with simulated data only.

Experiment and Detector Controls

The control and configuration software developed so far
allowed to run mCBM but also revealed the need to develop
an integrated and scalable system for the operation of full
CBM, unifying and integrating the various detector as well
as DAQ controls. A first prototype for such an Experiment
Control System (ECS) was developed as a baseline for this
task.

Online Data Management

For the time-slice building software (flesnet), the global
system architecture and the data model are designed, and
a full demonstrator chain was established. The network
performance was optimised to handle data rates above
1 TB/s. The software was successfully tested in various in-
beam tests of CBM detector sub-systems and also with the
mCBM setup. It can thus be regarded as the de-facto DAQ
standard for CBM. The Infiniband HDR technology was
tested, and the software was shown to saturate the hardware
limits. Improvements are ongoing to enhance the monitor-
ing capabilities and to improve automation.

Data Processing Framework

The data processing framework is still in the stage of
transition from the serial, task-based CbmRoot to a paral-
lel, message-based MQ system. A proof-of-principle for
the latter was demonstrated and applied online for mCBM,
however, up to now only for a portion of the data stream
used for online monitoring. In the context of making our
software fit for real-time data inspection, a big effort was
invested into stripping the low-level data types (digis) and
their containers from overhead which was inherited from
times when performance was not yet an issue. This com-
prised the migration to lean data classes without polymor-
phism and the transition from ROOT to STL containers
while keeping the convenient persistency scheme and anal-
ysis facilities offered by ROOT.

Data Analysis Algorithms

Several parts of the low-level reconstruction routines
(cluster and hit finding, e.g., for STS) were tested suc-
cessfully with mCBM data and optimised with respect to
processing speed, in order to be applicable for online data
analysis. These are among the first steps to establish and
test with experiment data an online processing graph al-
lowing to inspect the full data stream in real-time. De-
velopments on higher-level reconstruction (track and event
finding) comprised the extension of the cellular-automaton
scheme from the central tracking system (MVD+STS) to
the downstream detectors (MUCH, TRD), as well as en-
abling the algorithm to operate on free-streaming instead
of event-sorted data. The corresponding algorithms are still
subject to development and not yet production-ready. Ow-
ing to the different features of mCBM compared to full
CBM (e.g., different combinations of detectors, no mag-
netic field), their application to mCBM necessitates major
adjustments, which are in process but not yet finished. The
KF Particle package developed for fast high-level analysis
of CBM data was successfully applied on STAR data and
is being integrated into the STAR high-level trigger system.
This strongly suggests it to be a suitable choice for CBM.

Simulation Software

Simulation of the CBM experiment is well-established
and, to some extent, mature. It is, of course, subject to
quasi-continuous improvements of the detector geometry
models (in 2019: magnet and STS) and the response mod-
els (in 2019: TRD) adjusting the software to the progress
in technical planning as well as to experiment data obtained
from detector tests in the laboratory or in-beam. Central ef-
forts were dedicated to streamlining and user-friendliness
of the simulation infrastructure according to the needs of
the Physics Working Groups. In 2019, this was achieved
by the introduction of a new user interface for the trans-
port simulation stage, allowing to steer the simulation by a
minimum set of macro commands, where user intervention
is only needed when diverging from default settings. The
transition to using Geant4 as the default transport engine is
in progress.

Software Development Infrastructure

The efforts on the software infrastructure side were con-
centrated on the upcoming transition to git as a reposi-
tory system, to which behalf a process of restructuring and
cleaning-up of the cbmroot codebase was started. The fi-
nalisation of this process and the migration to git is ex-
pected for spring 2020.
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Optimization of performance for reconstruction in STS and MVD

A. Redelbach
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In order to operate the CBM experiment at interaction
rates up to 10 MHz, real-time data reduction is required.
More specifically, since the free-streaming readout data are
processed in software, the performance of the reconstruc-
tion algorithms is a critical issue. Focusing on the recon-
struction tasks performed within single detectors, the ex-
isting reconstruction algorithms for the MVD and the STS
have been identified to have potential for optimization.

Monitoring of performances and quality
assurance

The monitoring of the algorithms used for reconstruc-
tion tasks has been in the focus of project [1]. Developing
the class CbmRecoQa the relevant runtimes, memory usage
as well as residuals and pulls for in-depth validation can
be analysed. In order to achieve the latter, corresponding
data from matching reconstructed hits to Monte Carlo truth
are evaluated. The FairRoot class FairMonitor [2] provides
runtimes per event or per timeslice and additional infor-
mation regarding memory usage is obtained from FairSys-
temInfo. One option particularly useful for performance
evaluations is based on fitting the runtimes as a function of
the underlying data numbers. Implementing new automatic
tests, validations of reconstruction tasks in the time-based
setup are performed regularly and the results are uploaded
to the central CBM CDash server. This allows the classi-
fication of runtime intervals and thereby assigning e. g. a
warning level at the CDash server if the deviation of a run-
time should be noted. Analogously, a test-based deviation
of a residual distribution of reconstructed hits may be clas-
sified as an error if it lies outside of an acceptable range. It
is important to note that these tests can easily be extended
to also monitor and validate other tasks beyond local recon-
struction.

Optimizing MVD reconstruction

In the event-based setup of CbmRoot for MVD recon-
struction in release APR19 a relatively large runtime has
been observed for simulated minimum bias data. Investi-
gating the subsequent tasks of cluster finding and hit find-
ing in MVD, an inefficient processing of small amounts of
input data in the MVD HitFinder has been identified. The
original algorithm of MVD ClusterFinder operates at the
level of MVD pixels and defines a mapping of input digis
to two-dimensional coordinates. In the processing steps,
all digis in the input buffer are evaluated if they are above
thresholds, neighbouring channels are searched, allowing

the definition of cluster arrays and their persistent storage.
After reading these cluster objects, the MVD HitFinder cal-
culates the hit positions in two dimensions based on the
centre-of-gravity algorithm.

As explained in [3], the optimization of the code for re-
construction in MVD comprised the following steps:
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Figure 1: Runtimes for MVD reconstruction based on 1000
minimum bias events of Au-Au collisions for beam mo-
mentum of 12 AGeV at FLES node with AMD Opteron
processor 6238.

e Replacing non-performant data structures by self-
defined data structures being more efficient for
caching

e Optimizing the algorithms by fast iterations over two-
dimensional arrays of indices and also coordinates

e Combination of MVD ClusterFinder and HitFinder
tasks into a single task MvdDigiToHit to reduce mem-
ory consumption

As a result, the mapping of input digis to two-
dimensional coordinates is replaced by a 2D grid of indices
and values indicating the association to a cluster, avoiding
any sorting operations of the original mapping and also ex-
pensive accesses to storage. In a similar way the corre-
sponding cluster charges are stored in a 2D grid array sim-
plifying the direct evaluation of hit positions in both direc-
tions. Full consistency with the results for MVD clusters
and hits obtained from the original MVD reconstruction
tasks has been verified.

Measurements of the corresponding runtimes have been
performed on FLES nodes. In summary, speedup factors
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of 2.5 and 4.3 have been obtained for Au-Au events in cen-
tral and minimum bias collisions, respectively, see also [3].
Using the developments of [1] for the evaluation of run-
times of different MVD reconstruction algorithms, Fig. 1
has been obtained, showing the runtimes as function of the
number of entries processed, corresponding to the number
of clusters for MVD ClusterFinder or the number of hits
otherwise.

Optimizing STS reconstruction

Without a priori information of the event structure, re-
construction in the time-based mode faces more challenges
in comparison to the event-based case. The algorithm
used for finding clusters for free-streaming data from the
STS is explained in [4]. This STS ClusterFinder algo-
rithm is linear in the number of underlying measurements
and should be sufficiently fast for being applied to real-
time data reconstruction. However the performance of the
STS HitFinder algorithm in release OCT19 is problematic
for processing large time slices, as can be inferred from
Fig. 2. This non-optimal performance could also be an is-
sue for large time slices in the case of Mini-CBM. The op-
timization has been two-fold: Data-level parallelisation at
the level of STS clusters and hits is conceptually straight-
forward since each of the about 900 modules can be pro-
cessed independently. Additionally, the combination of
clusters at frontside and backside is reduced to the subset of
clusters only within the relevant time window. This “slid-
ing window approach” is by default considering the time
resolutions on module level, however it is possible to de-
fine alternative ranges of time intervals in the implemen-
tation. It is interesting to note that this algorithm requires
time-sorted clusters and leads to an efficient reduction of
combinatorics. Within the project [5] also the combina-
tion of cluster plus hit finding into the task StsDigisToHits
has been analysed, focusing particularly on parallel pro-
cessing using OpenMP. This combination into a single task
has similar advantages as in the previous optimization of
MVD reconstruction eliminating the need for storage of
STS cluster objects as a default while still allowing their
storage as an option e. g. for debugging. As a result, the
runtimes needed for StsDigisToHits have been significantly
reduced for a serial implementation of the new algorithm,
see also Fig. 2. It is interesting to note that an extra speedup
factor of approximately 10 has been observed for its paral-
lel version, utilizing 16 threads. A further optimization of
data structures using mainly standard C++ vector classes
is foreseen. Then the compilation of the parallel OpenMP
instructions is more straightforward as has been observed
during tests at other linux clusters based on different ver-
sions of the gcc compiler. .
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Handling Compute-Node Failures in FLESnet

F. Salem, F. Schintke, and A. Reinefeld

Zuse Institute Berlin

Abstract

FLESnet should tolerate failures of individual compute
nodes and should continue to distribute and build timeslices
without overly sacrificing the achieved aggregate through-
put and latency in large scale deployments. This requires
all input nodes to consistently adhere to a new schedule and
distribution schema on time and might require the redistri-
bution of not yet entirely built timeslices. We implemented
such a fault-tolerance mechanism in our Data-Flow Sched-
uler that detects and dynamically (re-)assigns the load of
failed nodes to the remaining compute nodes. We show
the influence of failures on the aggregate bandwidth and
latency of timeslice building on our OmniPath testbed.

Introduction

The First-Level Event Selector (FLES) compute clus-
ter builds timeslices (TSs) for analysis using FLESnet',
which was ported to Libfabric. FLESnet distinguishes ‘in-
put nodes’ and ‘compute nodes’. Each input node receives
data from the sensor links in a single, circular memory-
buffer and chops the stream into micro-timeslices (MTSs).
Compute nodes collect MTS contributions from all input
nodes to build complete TSs for further analysis. All input
nodes distribute their MTSs timely coordinated to compute
nodes in a round-robin schema to avoid congestion in end-
points and to establish parallel independent pairwise data
transfers with a data flow scheduler (DFS) [1, 2, 3].

Unfortunately, one failed compute node might harm the
TS building of all compute nodes. Each compute node
maintains a separate memory-buffer per input node. En-
tries in these buffers can be freed when all contributions for
a TS arrived. Missing contributions due to network delays
or slow nodes lead to filling receive-buffers for other in-
put nodes. A filled receive buffer eventually stops an input
node from sending its MTSs, and consequently, its circular
memory-buffer—shared for all compute nodes—starts fill-
ing as its entries cannot be freed. With a full circular buffer,
sensor data is discarded, and the data distribution to other
nodes would be interrupted, too.

To handle failures of compute nodes, a mechanism to de-
tect them and then consistently change the data distribution
schema of all input nodes is needed. TSs of failed compute
nodes that were not yet successfully built have to be re-
transmitted to other compute nodes to build them. Failures
of input nodes are of no concern as analyzing incomplete
TSs is not planned in CBM.

Thttps://github.com/cbm-fles/flesnet

Fault Tolerance Mechanism

To tolerate failures of compute nodes, the buffer man-
agement on input-nodes has to be modified. Input-nodes
use RDMA writes to transmit the MTSs to compute nodes
and get an acknowledgment when its contribution is writ-
ten into the memory buffer of the target compute node (we
call it an early ack). Then the input node frees this MTS
from its local memory-buffer. When a compute node fails,
it probably has some partly gathered TS with contributions
from several input nodes missing. Unfortunately, the con-
tributions that already arrived might be deleted from the
corresponding input nodes already due to the early ack, and
these input nodes are not able to resend them to another
compute node. To let input nodes keep the MTSs longer,
compute nodes can send the acknowledgment later only
when all contributions for a TS arrived (late ack). Then,
input nodes can reassign the TS building to another com-
pute node in failure cases and can resend their MTSs.

Input nodes have to detect the failure of a compute node
to redistribute the MTSs among the remaining compute
nodes. A compute node is considered failed when (1) the
node is down, (2) the connection between an input and a
compute node fails so that TSs cannot be completed, or (3)
the transfer rate of a connection suddenly drops too much.
To detect node failures, we implemented an eventual per-
fect failure detector in DFS using heartbeat messages. A
compute node (DFS-CN) is considered to be failed when
the input node (DFS-IN) is missing a defined number of
consecutive heartbeats. DFS adapts the target heartbeat
rates dynamically based on the roundtrip transmission time
and observed heartbeat delays.

To react consistently to the failure of a compute node, all
input nodes have to be informed. Once a DFS-IN detects or
is notified about the failure of a compute node, it informs
all running DFS-CNs with failure meta-data: (1) The failed
node global index, (2) the last acknowledged TS (last_ack)
from the failed node (maybe, not all input nodes received
the ack message but should clean their local memory-buffer
accordingly), and (3) up to which TS (upto_ts) DFS-IN can
send contributions to other compute nodes based on the al-
ready received sensor data.

Each DFS-CN that receives a failure message from any
DFS-IN informs the other DFS-INs about the failed node
global index so that they stop sending contributions to that
node and are triggered to send their metadata. The DFS-CN
collects and aggregates the metadata of all DFS-INs, that
may differ depending on their individual progress. Once
the DFS-CN got the meta-data from all DFS-INS, it broad-
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casts the decision of the failed node to all DFS-INs that
contains the maximum /ast_ack and the minimum upto_ts
of all DFS-INs. As all DFS-CNs get the same meta-data
from all DFS-INSs, they calculate the same decisions that
they broadcast. DFS-INs receive the same consistent deci-
sion meta-data redundantly from any DFS-CN.

The DFS-INs adapt the MTSs distribution schema once
a failure decision is received. They mark their MTSs for
the failed node up to the decided last_ack as completed and
transmit the remaining MTSs to the remaining DFS-CNs
as planned previously up to the decided upto_ts to keep al-
ready sent data valid. DFS-INs then distribute the MTSs for
the failed node, which have a lower timestamp than upto_ts,
to other compute nodes in a round-robin manner. After that,
DFS-INs continue to distribute the stream of MTSs fairly
to the remaining compute nodes, excluding the failed node.

Experimental Evaluation

We tested FLESnet with Libfabric on OmniPath? with
up to 80 nodes. Each node has 2x Intel Cascade Lake Plat-
inum 9242 (CLX-AP) with 48 cores, 384 GB RAM, 1x In-
tel OmniPath host fabric adapter.

Each micro-timeslice is 1 MB, and the receive-buffer for
each input node at each compute node is 1 GB. Each node
embodies either an input or a compute node. The DFS di-
vides the run time into intervals of 10,000 TSs each.

Early vs. Late Acknowledgment. Figure 1 compares the
time to complete TSs between late and early ACK. The late
ACK behavior synchronizes the input nodes more effec-
tively. However, the aggregated bandwidth in the case of
early ACK is about 10 % better (not shown) but this could
be compensated using the speedup mechanism of DFS.
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Figure 1: A comparison of the time to complete TSs from
40 DFS-INs in two different scenarios between: (1) late
and early ACK, (2) with and without node failure.

Fault-Tolerance mechanism. Figure 2 compares the
bandwidth statistics over time between DFS with and with-
out a node failure. We forced the first node to die after
around 350 seconds. Once the node fails and while reach-
ing a failure agreement, the bandwidth regularly dropped
until it reached zero MB/s for a second. After reaching
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an agreement, DFS transmits the data with higher through-
put to follow the scheduler. The high variance between the
10th and the 90th percentile is either during a node failure
or a DFS speedup phase. Figure 1, the lower plot, depicts
the time to complete TSs. The node failure causes some
TSs to complete in longer duration, which is up to 10 % of
TSs.
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Figure 2: The bandwidth building TSs for 2k intervals
(min, 10th and 90th percentile, median, and max) observed
per s at 40 DFS-INs (sending to 40 DFS-CNs) bucketed
per 20 over elapsed time. Speedup intervals (25 % faster)
take place when very low bandwidth variance (< 5 %) ex-
ists between all nodes.

Conclusion

We presented a mechanism to tolerate failures of com-
pute nodes in FLESnet by delaying the acknowledgment
for MTSs until completing the timeslices and reassigning
the timeslice building accordingly. Thus, input nodes re-
send timeslices to other compute nodes in case of node
failures. Nodes agree with broadcasts on node failures and
the amount of MTSs to redistribute. The evaluation shows
that the fault-tolerance mechanism in DFS works and that
input nodes successfully adapt to fewer available compute
nodes over time. The experiments also show the advantage
of late acks that reduce the duration to complete timeslices
at compute nodes in general.
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ANaN (ANalyse And Navigate) — a debugger for compute clusters

A. Adler and U. Kebschull
IRI, Goethe-Universitit Frankfurt, Frankfurt, Germany

Not much science can be performed without the help of
extensive computation and calculation, far more than can
be performed by pen and paper. Therefore, any major sci-
ence project uses significant computational resources, often
leading up to building and maintaining its own data cen-
ter. Sadly, computers need far more maintenance than pen
and paper. A tool in continuous use is monitoring, both
used to 1. setup the cluster (while installing and configur-
ing the necessary software; setting up networking; ...) and
2. operate it (while applying security updates; patching
software; ...)

Most monitoring software is developed towards the sec-
ond part and is less helpful with the first part. Anecdo-
tally, it has been found that monitoring alone lacks a cer-
tain dynamicity: Finding underlying causes of unwanted
behaviours (bugs; performance issues) still requires a lot of
manual work, and reconfiguring monitoring to gather pre-
cisely the necessary data is too much hassle. Even once
this is done, the monitored data is not always available in
an easily accessible format and needs to be imported into
visualisation and analysis tools. Therefore, we report on
ANaN, a debugger as an addition to monitoring.

Since the notion of a debugger as a complement to moni-
toring is new, a few remarks are in order to explain the rela-
tion between debugging and monitoring. Consider the case
of a symbolic debugger such as the “GNU Debugger” gdb.
Before symbolic debuggers were available (or in embedded
systems or unusual architectures, where no symbolic de-
bugger has been ported to), a pragmatic strategy asked for
the placement of printf statements in well-chosen parts
of the code. Name this strategy printf debugging and
consider the advantages to symbolic debugging:

e It is easily available in all systems in which the pro-
gram’s output can be captured.

e [t doesn’t require any special support by hardware,
software, or knowledge of the binary and linking for-
mats applied.

o The influence on the program’s runtime and resource
use are predictable.

Of course, there are corresponding disadvantages:

e The program needs to be available in source form, and
the complete workflow of editing, compiling, linking,
deploying and restarting the program can cost a lot of
time.

e Choosing the right place for the print statements is
not trivial: Too much output is hard to sift (requiring

some sort of automated evaluation), too little might
easily mean that the interesting part is missing.

e Debug statements might stay in production code, later
cluttering system logs.

ANaN tries to be to monitoring what symbolic debug-
ging is to printf debugging while avoiding the disadvan-
tages.

Each system under consideration (these may be virtual
machines, containers or bare metal, as long as they can
run POSIX processes) runs a demon. The demons report
approximately once every second to the debugger — the
interactive tool used by the cluster’s operator. The opera-
tor can deploy one or more sensors to each system under
consideration. The sensors are little snippets of code col-
lecting data. Templates for sensors in common use or for
site-specific sensors can be stored in a run control file.

Since much interesting information can be found in the
files of the pseudo file systems proc and sys (the by
far most common alternative being the device files under
/dev/ with appropriate fcntl or ioctl calls), a fitting
model for sensors is the pattern scanning and processing
language “AWK”: A list of files is considered, split into
(generalised) lines and (generalised) columns, each line is
matched against a list of patterns; in case of a match, the
corresponding code is executed. This highly general mode
of operation enables writing most relevant sensors in a mat-
ter of a few lines, see also[1] for further details.

The debugger is operated via a command line interface,
using the scripting language Lua [2] as command language.
Since Lua is extensible in multiple ways, it proved easy to
embed a functional language fragment in it, enabling ele-
mentary data analysis to be performed in a way similar to
the UNIX pipe mechanism. All further analysis and visu-
alisation should be relegated to specialised tools, though.

ANaN is in development, and as requirements change,
new features need to be added. Currently, an installment es-
sentially mimicking monitoring is being worked on at some
part of the ALICE O? cluster [3]. Additionally, a synthetic
benchmark with about 10000 systems under consideration
is being prepared.
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Di-electron reconstruction in Ag+Ag collisions at 4.5 AGeV beam energy in
simulations for the HADES and CBM experiments

M. Becker', G. Pitsch', S. Lebedev', and C. Héhne'?

IJustus—Liebig—Universitiit, Giessen, Germany; 2GSI, Darmstadt, Germany

Detailed feasibility studies of di-electron reconstruction
for the CBM detector setup have been shown in the previ-
ous progress report [1]. We performed new investigations
of di-electron reconstruction for the HADES detector for
the same collision system [2]. Since the HADES detector
is designed for small beam energies of a few GeV at SIS18,
the 4.5 AGeV of SIS100 is a rather large energy. However
it might be a good compromise between HADES and CBM
capabilities for a common collision system and was thus
studied for HADES as well.

The standard setup for the HADES detector of its 2017
proposal is used and differs to the CBM setup. HADES,
known for its high acceptance in polar angle § > 18°
and # < 85° is using a target, segmented in 15 foils of
42 pm each [4]. The event generator UrQMD was used for
both simulations with embedded signal di-electrons from
PLUTO. The di-electrons from w, ¢ and in-medium p and
the w-Dalitz decay have been studied. The in-medium p
di-electrons contribution was taken from the HADES mea-
surement of Ag+Ag collisions 1.65 AGeV and scaled by
the factor 3.25 to the number of 7° per event. Thus the
same input as for CBM was used [2,3].

2
S

— Thermal

S
b

[ Background

M Coctail+BG ey

dN/dM,, [GeV/c?"

o
b

1000 1500
M, [MeV/c?]

T AL
500

15 2
M, [GeV/c?]

Figure 1: Di-electron invariant mass spectra after all cuts.
Left: 10-10° minimum bias events reconstructed in CBM
without p; cut. Righ: 8-10° events of 40% centrality recon-
structed by HADES.

The invariant mass spectra are shown in Fig. 1 for both
HADES and CBM. The extracted ratios of signal to back-
ground are presented in Fig. 2. In both experiments the
signal to background ratio ranges from 10~! to 1072 in the
region 150-1000 MeV/c?. The reconstruction efficiency as
a function of p;-y is shown in Fig. 3 (midrapidity is at 1.13).

The integrated reconstruction efficiency of the w-meson
without p; cut in CBM is 1.7%, while for HADES it
reaches 12.9%. This difference is explained by the fact that
HADES covers the midrapidity region, while the CBM ac-
ceptance is in the very forward region. Both experiments
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Figure 2: Signal to background ratios, left CBM, right from
HADES.
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Figure 3: P.-y coverage of calculated efficiencies for the
w-meson. For HADES we see efficiencies up to 20% at
midrapidity (yoar=1.13) while CBM has a higher effi-
ciency in forward rapidity.

together cover large areas of the phase space with a small
overlap for 1.5 <y < 2. Over all its a great benefit to have
HADES as experiment complementary to CBM for confir-
mation of the results.
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Systematic study of multi-strange hyperon reconstruction efficiency

L Vassiliev' and the CBM Collaboration
1GSI, Darmstadt

Enhanced production of multi-strange hyperons and an-
tihyperon is considered a key observable of the transition
from hadron matter to a deconfined and chirally restored
phase. The CBM experiment will measure such rare di-
agnostic probes including A,Z~, =+, Q~ and Q" multi-
differentially with unprecedented precision and statistics.
In order to measure yields, dN/dy, dN/dp; and dN/dm,,
raw data should be efficiency corrected. One of the main
factor of the correction procedure systematic uncertanties
is hyperon reconstruction efficiency obtained with Monte-
Carlo (MC) simulation. Systematic study of the multi-
differential efficiencies obtained with two different models,
UrQMD [1] and PHSD [2], is presented.

The SIS-100 electron/hadron setup for the CBM detector
was used for high statistics MC simulation. Multi-strange
hyperons will be identified in CBM by their decay into
charged hadrons, which are detected in the Micro Vertex
detector (MVD), Silicon Tracking System (STS) and in the
Time-of-Flight detector (TOF). Four layers of the Transi-
tion radiation detector (TRD) are used by the global track-
ing to propagate tracks found in STS to TOF. In addition
energy deposition dF/dx measured by the TRD detector
will be used to identify fragments like *He and *He.

A setof 5- 10° central Au+Au UrQMD and PHSD events
at 10 AGeV have been simulated with the GEANT 3 trans-
port engine. The STS hits were produced assuming 100
kHz interaction rate with 10* ns length of the time-slice.
Event-by-event mode was used. The KF Particle Finder
package [3] was used in order to reconstruct multi-strange
hyperons. High statistics allows to calculate even rare
probes like QF and Z* reconstruction efficiency directly,
avoiding signal embedding into model events. It allows to
investigate systematic behavior of different physics observ-
ables, e.g. direct and elliptic flow, excitation function and
antihyperon-to-hyperon ratios.

The =~ reconstruction efficiencies as a function of p; are
shown in Fig. 1. The average =~ reconstruction efficiency
obtained with UrQMD model is about 13%, while with
PHSD model is about 11%. The main reasons for this 2%
difference are different p, distributios provided by the two
models (average p; value for the UrQMD model is about
0.67 GeV/c, for the PHSD model is about 0.57 GeV/c),
different average track multiplicity per central collisions
(343.3 for the UrQMD and 349.4 for the PHSD) and dif-
ferent =~ average multiplicity per event (1.9 and 8.3 cor-
respodingly).

The behaviour of =~ reconstruction efficiencies is very
similar in the two models - smooth increase from O to 0.8
GeV/c and nearly plateau from 0.8 till 2.4 GeV/c. The
=7 reconstruction efficiencies versus rapidity is shown in

w 0.25¢
g r UrQMD
= L Jr
S o2f
] [ PHSD bkt 4 1 +
=) C et ameme e +
g oas- sseee] Hy %
: S 1 |
0.1F A5 ! T
0.05—3*
i
% s 1 15

e
P, [GeV/c]
Figure 1: =~ reconstruction efficiency as a function of p;

in central Au+Au collisions at 10 AGeV, calculated with
UrQMD and PHSD.

Fig. 2. The main difference between the models is observed
in the 1.3 - 2.5 rapidity window. The average rapidity value
in the lab frame is 1.56 where the maximum difference is
about 3%.
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Figure 2: =~ reconstruction efficiency as a function of ra-
pidity in central Au+Au collisions at 10 AGeV, calculated
with UrQMD and PHSD.
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Multi-strange hyperon reconstruction with the CBM light setup

L. Vassiliev', I. Kisel"*3, and the CBM Collaboration
IGSI, Darmstadt; 2FIAS, Frankfurt am Main; 3Goethe-Universitit, Frankfurt am Main

The main goal of the CBM experiment at FAIR is to
study the behavior of nuclear matter at very high bary-
onic density. This includes the exploration of the high den-
sity equation of state, search for the transition to a decon-
fined and chirally restored phase, critical endpoint. The
promising diagnostic probes for this new states are the en-
hanced production of multi-strange (anti-)particles. The
CBM detector is designed to measure such rare diagnos-
tic probes multi-differentially with unprecedented preci-
sion and statistics. The CBM detector will provide a unique
opportunity to measure yields, direct and elliptic flow, ex-
citation functions of multi-strange hyperons at different en-
ergies and sizes of the colliding nuclei.

The start (light) version of the CBM detector may con-
tain Magnet, beam pipe and few subdetectors: Silicon
Tracking System (STS) and the Time-of-Flight detector
(TOF). This setup allows to measure strange and multi-
strange hyperons and some Hyper nuclei like 3 H and 4 H.
They will be identified by their decay into charged hadrons,
which are detected in the STS, and the global tracking
which propagate tracks found in STS to the TOF. In ad-
dition energy deposition dF /dx measured by the STS de-
tector will be used to identify fragments like *He and “He.

To study the performance of multi-strange hyperon re-
construction with the CBM experiment, a set of 5- 106 cen-
tral Au+Au UrQMD events at 12 AGeV for the CBM light
setup have been simulated with the GEANT 3 transport en-
gine. The STS hits were produced assuming 100 kHz in-
teraction rate with 10% ns length of the time-slice. Event-
by-event mode was used.

The KF Particle Finder package [1] was used in order
to reconstruct multi-strange hyperons. Currently its re-
construction scheme contains about 200 decays including
Kg S atr , A = pr—, A = prt, B = 77A,
=t 5 atA, Q= KA and Qf — K*+A. The cor-
responding invariant mass spectra are shown in Fig. 1. All
signals are clearly visible with high signal to background
ratio.

Double-differential p; versus rapidity efficiency distribu-
tion, integrated efficiency as a function of p; and rapidity
are shown in Fig. 2 for the reconstructed (filled red his-
togram at the lower right plot) =~s. These functions will
be used for the comparison of theoretical models with mea-
sured data. The average =~ reconstruction efficiency is
about 10.2%, an invariant mass resolution of 2.2 MeV/c?
with signal to background ratio of about 5.2 is obtained.
The 2~ reconstruction efficiency results to about 6.3% for
central UrQMD events. An excellent signal to background
ratio of about 30 is observed. The reconstructed mass value
1.672 & 0.003 GeV/c? is in a good agreement with the

Figure 1: Reconstructed invariant mass distribution of K 2,
A, A, ==, 2t and Q in central Au+Au collisions at
12 AGeV, the red line indicates the signal plus background
fit by a polynomial plus Gaussian functions.

PDG’s data. An invariant mass resolution of 2.3 MeV/c?
is obtained.
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Figure 2: 2D =~ reconstruction efficiency as a function
of p; and rapidity (upper left), integrated =~ reconstruc-
tion efficiency as a function of p; (upper right) and rapidity
(lower left). Selected =~ invariant mass signal and total
mass plots (lower right).

High statistics allows to calculate even rare probes like
QF reconstruction efficiency directly, avoiding signal em-
bedding into model events. It allows to investigate system-
atic behavior of different physics observables, e.g. direct
and elliptic flow, excitation function and antihyperon-to-
hyperon ratios.
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Hadron measurements with muon setup

A. Senger! and the CBM collaboration!
'FAIR, Darmstadt, Germany

Hadron reconstruction with the STS without
time-of-flight information

Short-lived hadrons can be identified without time-of-
flight measurement using only information from the STS.
The CBM track reconstruction software based on the Cel-
lular Automaton algorithm [1] provides in addition to the
track curvatures and momentum also secondary vertices,
and, hence, the decay topology of instable particles such
as hyperons. Since the Time-of-flight detector is not used
in the analysis, no particle identification is provided. The
Kalman Filter Particle Finder Package [2] is therefore used
to reconstruct the invariant mass of the decay products, us-
ing a hypothesis on the particle identities. As examples,
the reconstruction results for the decays of K% — atn—,
A —»pr—, 2 — AK™, and Q= — AK~™ are shown in fig-
ure 1, simulated for central Au+Au collisions at 124 GeV/c
using the UrQMD event generator. K& mesons are recon-
structed from 2 tracks of opposite charged particles emerg-
ing from a secondary vertex, assuming that the particles
are pions. The same decay topology is used to reconstruct
A hyperons, assuming that the positive particle is a proton.
Once a A is identified, which is not created in the primary
vertex of the collision, the algorithm looks for another de-
cay product, which is assumed to be either a pion or a kaon.
In the first case, =~ hyperons are reconstructed, in the sec-
ond case 2~ hyperons. In both cases the multi-strange hy-
perons are tracked back to the primary vertex.

As illustrated in figure 1, A and =~ hyperons can be
nicely identified by using information from STS only. The
reconstruction of 2~ hyperons suffers from the large back-
ground of pions, which have been considered as kaons.
Also the invariant mass spectrum of the KOS meson has a
rather high background resulting in a signal-to-background
(S/B) ratio of about 1. The reason for this relatively low
S/B ratio is, that due to its short decay length of c7 = 2.67
cm the K meson decays right after the target in front of the
first STS station, and its reconstruction suffers from a large
background of primary pions. Although the decay length
of the = hyperon (c7 = 4.91 cm) is shorter than the one of
the A (c7 = 7.89 cm), the background in the = spectrum is
lower (S/B = 4.6) than for the A hyperon (S/B = 3.4). The
reason is that the = hyperon is reconstructed from three de-
cay particles, which constrains the decay topology better
than a two- particle decay. The S/B ratios for both the A
and =~ hyperon are sufficient to extract momentum and
angular distributions for further analysis. The total recon-
struction efficiency is 22% for K&, 23% for A, 9% for =,
and 12% for Q~ hyperons.
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Figure 1: Invariant mass spectra of K% (upper left panel, €
=22%), A (upper right, € = 23%), 2~ (lower left, € = 9%),
Q™ hyperons (lower right, € = 9%) reconstructed using in-
formation from STS only for central Au+Au events at 12A
GeV/e.

In addition to hyperons, also hyper-nuclei like
2H—*He+n~ or {He—3He+p+m~ can be reconstructed
using the STS only. In this case, the dE/dx information
from the STS is used to separate single charged from dou-
ble charged particles. The simulated performance of the
STS concerning particle identification via dE/dx is illus-
trated in figure 2 for two cases. Figure 2 depicts the energy
loss in a 300 pm thick silicon sensor as function of momen-
tum for particles identified by MC information (left panel),
and without particle identification (right panel). In both
cases only positive particles are considered, assuming q=1.
The red line in the right panel of figure 2 is used to separate
particles with charge 1 (dE/dx values below the line) from
particles with charge 2 and more (dE/dx values above the
line).

3o

dE/dx, 81300 pm
3
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Figure 2: Calculated energy loss dE/dx in 300 pm silicon
as function of particle momentum for single and double
positively charged particles assuming q = 1. Left panel:
with particle identification from MC. Right panel: without
particle identification.

Taking into account the dE/dx information from figure 2
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(right panel), the invariant mass spectra for the hypernuclei
3H and } He have been analysed in simulations of central
Au+Au collisions at 12A GeV/c. In such reactions, 3H
and 4 He can be reconstructed with signal-to-noise ratios of
about 2 and 3.4, and with efficiencies of € = 9.5% and € =
5.7%, respectively, as shown in figure 3.

. me’ — 3H(2993) 6 = 1.9 MeV/c? ‘He(asSn)n 1.9 MeV/c?

A $/B=2.04 H $/B=3.36

;: o) WL il

2.95 3 KX 0‘ 39 395
w “He (LveWt )

m,,, *He 7 p (GeV/c)
Figure 3: Invariant mass spectra of 3Hm~ (left panel) and
3Hn~p (right panel), reconstructed in STS using dE/dx in-
formation with an efficiency of € = 9.5% and € = 5.7%, re-
spectively, in central Au+Au collisions at 124 GeV/c. The
hyper-nuclei f’\H (left) and j‘xHe can be clearly identified
with signal-to-background ratios of S/B = 2.04 and S/B =
3.36, respectively.

Hadron identification by TOF behind MUCH

In the following, we discuss the performance for hadron
identification using the CBM setup with 4 hadron absorbers
together with the TRD and the TOF detectors as shown in
figure 4. The hadrons are identified by cuts in the plane
of mass squared versus particle momentum, as illustrated
figure 5.

magnet
with
5TS

Figure 4: The CBM setup used for the simultaneous mea-
surements of muons and hadrons consists of the STS, 4
hadron absorber layers + 4 tracking stations, the TRD and
the TOF detector.

The simulation of hadron identifcation behind the
MUCH is performed for central Au+Au collisions at 12A
GeV/c. The left panel of figure 6 depicts the probability
for particles to pass the hadron absorbers, and to produce
Monte Carlo points in the TRD and in the TOF detector, as
function of their momentum. In this case, only particles are
taken into account, which have produced at least 4 Monte
Carlo points in the STS, and, hence, can be reconstructed.
The kaon yield is reduced by about a factor of hundred
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m2, GeVéic*

Figure 5: Mass squared as a function of momentum for
particles passing through muon system. Black lines - 20
cut for particle identification.

(black dots). Most of the kaons produced at FAIR ener-
gies are K+ mesons, which have a small inelastic hadronic
cross section, and, therefore, are less suppressed than pions
(red dots). On the other hand, the pion yield is 5 to 10 times
higher than the kaon yield, depending on the beam energy.
Protons are suppressed by a factor of about 1000. The right
panel of figure 6 depicts the identification efficiency for the
hadrons shown in the left panel, using the TOF information
as function of momentum. Pions with momenta above 2
GeV/C can be identified with an efficiency between 80 and
90%. Similar efficiencies are reached for kaons with mo-
menta above 3 GeV/c. The proton reconstruction efficiency
is about 80% for momenta above 3 GeV/c.
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3 K— LTk o
§ ol p— b e W)
g n— :
60
L g l|,||
,—«wm.m'n""i'rll’ﬂ
(L et Sy m'"" a

ol :
L R T Vo T T T T R )
P. Gevic

Figure 6: Left panel: Acceptance of the TOF detector for
hadrons traversing the absorbers of the muon detection sys-
tem as function of the hadron momentum. Right panel: Re-
construction efficiency for hadrons using TOF information
in the muon setup (same color code as in the left panel).
The simulation was performed for central Au+Au colli-
sions at 124 GeV/c.

The acceptance of the TOF wall for hadrons in the plane
transverse momentum versus rapidity during the muon
measurements is plotted in figure 7 for kaons (left panel),
protons (center pamel), and pions (right panel). The sim-
ulations were performed for central Au+Au collisions at
12A GeV/c, midrapidity is at y = 1.58. The results demon-
strate, that the hadron absorbers cut out low transvere mo-
menta around midrapidity and below, but also show, that
the remaining range of rapidities is still sufficient to per-
form reference measurements of hadrons in parallel to the
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Figure 7: Acceptance for kaons (left), protons (center) and
pions (right) detected in the TOF wall behind the muon
system as function of rapidity simulated for Au+Au 124
GeV/c. Midrapidity is at y = 1.58.

muon experiments [3].
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Efficiency correction procedure for muon-pairs from w meson decays

A. Senger!' and the CBM collaboration!
'FAIR, Darmstadt, Germany

This report presents an efficiency correction procedure
for muon-pairs from w meson decays, reconstructed with
the muon system (MUCH) consisting of four hadron ab-
sorbers and four tracking stations: the first two stations
consist of GEM detectors, the 3rd and 4th station are built
from RPC detectors [1]. The muon track candidates are se-
lected from tracks which are reconstructed in STS, MUCH,
TRD and TOF using track quality cuts, and 20 cut in the
plane of mass squared versus momentum for particle iden-
tification. The pr(y) distribution of all muon pair candi-
dates for central UrQMD [2] Au+Au events (background)
+ PLUTO [3] generated w mesons at 8A GeV/c beam mo-
mentum is shown in the left panel of figure 1.

Pt Gevic

P

Y[2.16,2:24), P(0.60.0.90)

Figure 1: Top picture: The rapidity - transverse momentum
(pr(y)) distribution for all muon pair candidates. Left bot-
tom picture: invariant mass distribution for particular bin
of the pr(y) distribution (see plot title), fitted with the sum
of a Gauss function and an exponential function (red line).
Right bottom picture: pr(y) distribution of reconstructed w
mesons, after subtraction of the background.

The w meson reconstruction proceeds as follows: for
each bin in the pr(y) distribution of all muon pair candi-
dates (top figure 1), the invariant mass distribution is calcu-
lated and shown in the bottom left panel of figure 1. Then,
the mass spectrum is fitted with a sum of a gauss function
for the signal, and an exponential function for the back-
ground. After subtracting the background, the signal muon
pairs are plotted the bottom right panel of figure 1, repre-
senting the pr(y) distribution for reconstructed w mesons.

The steps towards the w efficiency correction are illus-

trated in figure 2 as different distributions in the pr(y)
plane. The top left panel depicts the 47 distribution of w
mesons as generated by the PLUTO code. The w mesons
accepted by the setup, i.e. by STS, MUCH, TRD and TOF,
are shown in the top right panel. The bottom left of figure 2
depicts the reconstructed w mesons as shown in the bottom
right panel of figure 1. The pr(y) distribution to be used
for the efficiency correction (“efficiency map”) is derived
by calculating the ratio of the reconstructed to the accepted
pr(y) distributions for w mesons, as depicted in the second
right panel of figure 2. The efficiency corrected w meson
distribution is shown in the right most panel of figure 2.

pluto o acceptance

reconstructed o effcioncy corrected

Figure 2: pr(y) distributions for w mesons. Top row: left
picture - 47 distribution as generated by the PLUTO code;
right picture - accepted w mesons. Bottom row: left picture
- reconstructed w mesons; middle picture - efficiency map;
right picture - efficiency corrected w mesons.

As the next step, a procedure for acceptance correction
will be developed.
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Reconstruction of w mesons at SIS100 with realistic MuCh set up

O. Singh!, S.Chatterjee®, P. P. Bhaduri®, S. Chattopadhyay?, A. Senger*, and T. Galatyuk*

! Aligarh Muslim University, Aligarh, India; *Department of Physics, Bose Institute, Kolkata, India; *Variable Energy
Cyclotron Centre, Kolkata, India; “GSI, Dharmstadt, Germany

The mission of the Compressed Baryonic Matter (CBM)
experiment at the future accelerator Facility for Antipro-
ton and Ion Research(FAIR) [1] in Darmstadt Germany, is
to study the QCD phase diagram in the region of high net
baryon densities. In the first phase of FAIR, the SIS-100 ac-
celerator ring, which is presently under construction, will
provide accelerated beams up to an energy of 30 GeV for
protons, 12A GeV for heavy ions (eg: Pb, Au, In, ...) and
15A GeV fo light ions (eg: C, Ca, Ni, ...). One of the im-
portant physics observables at SIS100 is the measurement
of di-muons produced in high-energy heavy-ion collisions
in the beam energy range from 44 to 124 GeV. In the
present article, we report our latest results on reconstruc-
tion of w — p+ ™ mesons in central Au+Au collisions at
the beam energy 8A GeV. The simulations are performed
with the trunk version (r15516) of CbmRoot software that
includes the updated di-muon analysis package. The re-
alistic configuration of the Muon Chamber (MuCh) detec-
tor system, optimized for the measurement of p ™y~ pairs
coming from the decay low mass vector mesons, is de-
scribed in Ref. [2] in detail. It consists of 4 detector stations
and 4 hadron absorbers. Each detector station contains a
triplet of gaseous detector chambers. For the first two sta-
tions GEM like detectors are implemented to account for
the large particle densities and in the next two stations RPC
like detectors are implemented, where the particle rates are
considerably lower due to hadron absorbers. The thickness
of the successive absorbers is 60 cm, 20 cm, 20 cm, 30 cm.
The first absorber is made of 30 cm low-density graphite +
30 cm concrete. The rest of the absorbers are made of iron.

In our simulations, the phase space distribution and de-
cay of the signals (w — uTp— ) are generated by the
PLUTO [3] event generator and embedded into background
events generated with UrQMD [4] event generator. The
GEANT3 transport code is used to transport all these par-
ticles through the CBM set up. The MuCh geometry of tag
version v_19c¢ is used for simulation which contains two
GEM and two RPC detection stations. Muon track candi-
dates for are selected from the reconstructed global tracks,
based on the following selection criteria: The track must
pass through 7 STS and 11 MUCH detection layers i.e.
STS and MUCH hits should be greater than 6 and 10 re-
spectively. The track must have at least one TRD hit. To
ensure the track reaches the TOF detector, the track has at
least one hit on TOF. To reject the secondary tracks, the
primary vertex cut, X%/eﬁm,is chosen to be less than 3.0.
The track quality cuts, X?\/IUC g and X?S‘T g are less than 3.0
and 2.0 respectively. In addition, the background is reduced
further by using the flight time from TOF detector and the

momentum the track to reconstruct the mass and then ap-
plying a 20 cut on the muon mass. No pair cuts are used in
the analysis.
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Figure 1: Reconstructed 1+ p~ invariant mass spectrum of
w mesons in central Au+Au collision at 84 GeV. The red
solid line shows a fit using a Gaussian function for w signal
and a second-order polynomial function for the combinato-
rial background.

Fig. 1 shows the reconstructed invariant mass spectrum
of w mesons (w—spu+p ™) after applying the selection crite-
ria mentioned above. The method used to estimate the com-
binatorial background is the so-called Super Event (SE)
technique. SE technique is applied to a set of UrQMD (i.e.
pure background) generated tracks. In this technique, one
positive track from one event satisfying all selection cuts is
combined with all negative tracks from all the events. So
the combinatorial background is normalized by the square
of the total events whereas the signal is normalized with
the total number of events.The signal is further normal-
ized with Multiplicity x Branching ratio (di-muon chan-
nel) of w mesons. The efficiency (e,,) and the signal-to-
background ratio (S/B) are calculated within a £20 mass
range around the signal peak and found to be 0.89% and
0.33 respectively. The rapidity distribution of the input,
accepted and reconstructed w mesons with different accep-
tance criteria are shown in Fig. 2. The red dotted line shows
the rapidity distribution of w generated with the PLUTO
generator in 47 space. As evident from Fig. 2, the peak of
the rapidity distribution of the accepted and reconstructed
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w mesons is shifted towards higher value due to absorption
of soft muons by the hadron absorbers.
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Figure 2: Rapidity distribution of the input, accepted and
reconstructed w mesons in 84 GeV central Au+Au colli-
sions.

The acceptance for w in rapidity (y) and transverse mo-
mentum (pr) plane is shown in figure 3. The left panel is
for w generated with the PLUTO generator in 47 space.
The center panel contains the decay muon pair (u* ™)
of accepted w satisfy the following cuts: STS point (>7),
MUCH point (>5), TRD point (>1), and TOF point (>1).
The reconstructed w mesons which follow the selection cri-
teria mentioned earlier are shown in the right panel of the
Fig. 3.

. L R e R N
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Figure 3: y-pr distribution for w meson decaying into two
muon pairs (41 7) in central Au+Au collision at 8A GeV.
The identification of w mesons is done by MC information.
The left panel shows the 47 distribution of PLUTO gener-
ated w whereas the middle panel is for the acceptance of
w mesons after nominal muon candidate cuts. Right panel
shows the acceptance for the reconstructed w after all se-
lection cuts.
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Figure 4: Left panel: Acceptance matrix of w meson. Right
panel: Efficiency matrix of w meson
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The corresponding acceptance and efficiency matrices of
the w mesons in central Au+Au collision at 8A GeV are
shown in Fig. 4 Acceptance matrix is the ratio of accepted
™~ pairs from w mesons and PLUTO generated w in 47
whereas efficiency matrix is defined as the ratio of recon-
structed w and PLUTO generated w in 4.

We have also calculated the invariant mass spectra for w
mesons in different pr bins. Results are plotted in figure
5. The signal is fitted by Gaussian function, and the back-
ground can be well described by second-order polynomial
function. The efficiency and S/B are extracted using com-
bined fit of signal and combinatorial background are pre-
sented in table 1. From table 1, the maximum efficiency is
achieved within p7 range of 0.2-0.6 GeV/c.

. 00<p <02 . 02<p <04GeVic . 04<p <06GeVic
¢

o PU o(782) o B 0(762)
ol g

£=035%

Figure 5: The invariant mass spectra for w candidate in
different pr regions. The solid red line is a combined fit to
the signal and background with a single Gaussian (signal)
plus a second-order polynomial(background).

pr region, GeV/c | Efficiency w, % | S/B
0.0 < pr <0.2 0.13 0.61
0.2 <pr <£0.4 0.35 0.56
0.4 < pr < 0.6 0.35 0.44
0.6 < pr <0.8 0.25 0.33
0.8 <pr < 1.0 0.14 0.25
1.0 < pr < 1.2 0.07 0.17
Table 1: Reconstruction efficiency and Signal-to-

background ratio for w meson in central Au+Au collision

at 8A GeV in different pr region (inclusive Y).
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(2]

(3]

(4]

180

References

M. Durante et. al., Phys. Scr. 94 (2019) 033001.

Realistic Muon Chamber (MuCh) geometry simulation for
the CBM experiment at FAIR; O. Singh et al., CBM
Progress Report 2018.

1. Frohlich et. al.,PoS ACAT (2007) 076, arXiv:0708.2382
[nucl-ex].

S.A. Bass et al., Prog. Part. Nucl. Phys. 41 (1998) 255.



CBM Progress Report 2019

Physics Performance

Reconstruction of J/y) mesons at SIS100 energies with realistic MuCh set up

S. Chatterjee*l, 0. Singhz, A. Senger3, P. P. Bhaduri*, and S. Chattopadhyay4
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One of the major physics goals of the Muon Chamber
(MuCh) detector system at CBM is the identification of
J /1 mesons via their decay into di-muons. In the present
article, we report our latest results on the performance of
J /1 detection (J/v) — pTp~) in 10A GeV Au+Au and
15A GeV Ni+Ni collisions, based on simulation with real-
istic detector models optimized for SIS100 collisions.

The production of .J/1¢) mesons at 104 GeV beam en-
ergy is kinematically forbidden. However, model calcula-
tions [1] based on sub-threshold production of resonances
via multiple collisions in dense baryonic medium predict
non-zero J/1 cross-sections at 10A GeV beam energy.

The simulations are performed with the latest CbmRoot
TRUNK (Revision no. 15516). The phase-space distribu-
tion and decay of J/¢ — uTp~ is simulated using the
PLUTO event generator. The signal muon pairs are em-
bedded into the background, generated using the UrQMD
event generator. One J/v (J/v — p*p™) from PLUTO
is embedded per event into the background. All the par-
ticles are transported through the entire CBM setup using
the GEANTS3 transport engine. 5 x 10° events are simu-
lated and reconstructed for both 104 GeV central Au+Au
and 154 GeV central Ni+Ni collisions, using the realistic
MuCh set up [2]. The foreseen muon set up for .J/1) mea-
surements at SIS100 energies consists of 4 detector stations
and 5 hadron absorbers. Each detector station is a triplet of
gas detector chambers. For the first two stations GEM like
detectors are implemented to account for the large particle
densities and in the next two stations, RPC like detectors
are implemented, where the particle rates are considerably
lower due to hadron absorbers. The thickness of the succes-
sive absorbers is 60 cm, 20 cm, 20 cm, 30 cm, and 100 cm.
The first absorber is made of 30 cm low-density graphite +
30 cm concrete. The rest of the absorbers are made of iron.
Hits registered in the transition radiation detector (TRD)
behind the 100 cm thick absorber are used to devise the
di-muon trigger logic. In this study, the effect of delta elec-
trons knocked out from the target and single-channel dead
times are not taken into account.

The standard analysis procedure is followed to obtain the
invariant mass spectra of the oppositely charged probable
muon track candidates, coming from J/v decay. The muon
track candidates are identified by applying a set of single
track quality cuts to the reconstructed global tracks. The
detail of the cuts is summarised in Table 1.

Different approaches have been employed to calculate
the pair reconstruction efficiency and signal to background

* sayakchatterjee @jcbose.ac.in

System Cut on detector hits Cut on x?
Au+Au @ 10 AGeV - VERTEX 2 < 3.0
Aut+Au @ 10 AGeV STS hits > 6 STS x%2 <3.0
Au+Au @ 10 AGeV MUCH hits > 11 MUCH y? <25
Au+Au @ 10 AGeV TRD hits > 3 TRD x% < 6.0
Au+Au @ 10 AGeV TOF hits > 1 -

Ni+Ni @ 15 AGeV - VERTEX 2 < 2.0
Ni+Ni @ 15 AGeV STS hits > 6 STS x2 <25
Ni+Ni @ 15 AGeV MUCH hits > 11 MUCH y? <25
Ni+Ni @ 15 AGeV TRD hits > 3 TRD x? < 4.5
Ni+Ni @ 15 AGeV TOF hits > 1 -

Table 1: Selection cuts on the reconstructed global tracks
to select muon track candidates.

ratio. The first approach is based on Monte Carlo (MC) in-
formation. The signal is extracted using the MCPDG tag,
and background is calculated using a super event (SE) tech-
nique, where one muon candidate track is combined with
all the other oppositely charged muon candidate tracks to
calculate the combinatorial background. The entries within
the 20 mass range of the signal, fitted with Gaussian dis-
tribution, give the signal yield and dividing that by the in-
put yield gives the efficiency also within the same range,
the background is calculated to get the S/B ratio. In the
second approach, the invariant mass spectra are fitted with
Gaussian (signal) + polynomial (background) and then the
signal is extracted from the 20 mass range of the fitted sig-
nal distribution by a Gaussian distribution.
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Figure 1: Invariant I;l(ass 'distribution of the mr‘"é:ge(;/rclz)structed
J/1 mesons for 10 AGeV Au+Au (left) and 15 AGeV
Ni+Ni (right) collisions fitted by 2"¢ method.

In the third approach, in the spirit of the side band
technique, the background is fitted away from the sig-
nal pole mass region separately using a polynomial func-
tion and the signal is fitted with Gaussian distribution.
In all the methods, the background is normalized by the
number of events squared. The signal is normalized by
multiplicity X branching ratio and the number of events. For
10 A GeV Au+Au collisions, .J/¢ multiplicity is taken
from UrQMD model prediction. For 15 GeV Ni+Ni the
multiplicity is derived from the HSD predicted .J/1) multi-
plicity in 15 A GeV Au+Au collisions by properly normal-
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9 295 3 305 31 315 32 325 33
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izing it with the respective number of binary collisions in
the two collision systems.

Method ej/p(%) | S/B Mass
(System) resolution (MeV/c)

method 1 (Au+Au) 1.39 0.44 34

method 2 (Au+Au) 1.07 0.65 33

method 3 (Au+Au) 1.37 0.52 33

method I (Ni+Ni) 297 | 042 34

method 2 (Ni+Ni) 2.28 0.61 32

method 3 (Ni+Ni) 297 0.47 33

Table 2: Reconstruction efficiency and S/ B ratio for J/v
mesons in central Au+Au and Ni+Ni collision at 10A GeV
and 15 AGeV from different fitting methods. Metho 1, 2
& 3 are based on MC information, full fit and side band
techniques respectively.

In Fig. 1, the fitted spectra using the second approach
are shown and the results of the fitting are summarised in
Table 2. As evident, the results from different fit proce-
dures do not converge. This is because of the significant
change in statistics above the mass of 3 GeV/c?. Since
above 3 GeeV//c? the statistical uncertainty increases, it af-
fects the fitting and results depend on the fitting process
and its range. The laboratory rapidity (Y') and transverse
momentum (pr) distribution of the signal muon pairs, at
the input level, accepted level, and reconstructed level (se-
lected using MC information) is shown in Fig. 2. The vari-
ation of the reconstruction efficiency and S/ B ratio in dif-
ferent pr range is also studied over the entire rapidity range
of the accepted pairs.
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Figure 2: Laboratory rapidity (Y) and transverse momen-
tum (pr) distribution of input, accepted and reconstructed
pairs for 10 AGeV central Au+Au (top) and 15 AGeV cen-

tral Ni+Ni (bottom) collision respectively.
The entire pr range is divied into five sub-ranges,

namely 0<pr<0.5 GeV/c, 0.5<pr<1.0 GeV/c,
1.0<pr<1.5 GeV/c, 1.5<pr<2.0 GeV/c, 2.0<pr<2.5
GeV/c. The variation of efficiency and S/B ratio in
different pp bins are shown in Fig. 3. Based on the MC
information, the efficiency correction is also performed for
both 10 AGeV Au+Au and 15 AGeV Ni+Ni systems. The
accpeted tracks are extracted, from the full phase space
input signal distribution depending on the acceptance
criteria of the simulated MC tracks. Among those accepted
MC tracks, only a fraction is reconstructed based on the
tracking algorithm and analysis criteria. The ratio of the

CBM Progress Report 2019

reconstructed to the accepted tracks gives us the efficiency
matrix and then the ratio of reconstructed matrix to the
efficiency matrix, gives us the corrected spectra.

- o .

2 odf &
> o

. CRSE R A
pr (GeV/c) pr (Gev/c)

0 o6
=
A osel

e . pr (Gevic) R Gevier
Figure 3: Variation of pair reconstruction efficiency and

signal to noise ratio as function of pr over the entire ra-
pidity range for 10 AGeV Au+Au (top) & 15 AGeV Ni+Ni
(bottom) collision. In the x-axis the mean value of the each
pr bin is ploted.
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Figure 4: Accepted, reconstructed efﬁc1ency and corrected
Y-pr matices for central 10 AGev Au+Au system.
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Flgure 5 Accepted reconstructed efﬁ01ency and corrected
Y-pr matices for central 15 AGev Ni+Ni system.

In the Fig. 4 & Fig. 5, the accepted, reconstructed, ef-
ficiency and corrected matrices are shown for the central
Au+Au 10 AGeV and Ni+Ni 15 AGeV respectively. The
corrections on the reconstructed pairs are based on monte
carlo information. Efficiency correction without MC infor-
mation is also under investigation.
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Elliptic flow is believed to provide information related
to the transport properties and the equation of state of the
matter created in high-energy heavy-ion collisions. Recent
results from RHIC [1] and LHC [2] experiments show that
flow-fluctuation and fluctuation in the initial spatial eccen-
tricity are closely correlated. In this report we have tried to
explore similar issues by employing A Multi Phase Trans-
port (AMPT) model in its string melting configuration [3].
A sample of 10 million Au+Au events at F,;, = 304
GeV is used. We calculate the elliptic flow co-efficient
(vg2) from two and four-particle cumulants using the Q-
cumulant method [4]. The azimuthal correlation is ex-
pressed in terms of the @) vector as,

M ,
Qn=> " (D
j=1

where M is the multiplicity of the selected particles in an
event and ¢; denotes their azimuthal angles. The average
two-particle azimuthal correlation over all particles in the
event is then calculated from

|Qn|2 -M
)= —— 2
The two-particle cumulant ¢, {2} and the anisotropic flow-
parameter v, {2} can be obtained after averaging over all
particles in all events as,

en{2} = ((2)); {2} = Ven{2} (©)

However, v, {2} obtained in this way is susceptible to
non-flow effects like resonance decays, jet fragmentations,
Bose-Einstein correlations, which contribute to additional
correlation not related to the reaction plane. These non-
flow effects, in general short ranged in nature, can be sup-
pressed by introducing a pseudorapidity gap between the
particles used to construct the ()-cumulant [5]. An event is
divided into two sub-events, say A and B, separated by a
gap say An (In our study An = 1.0). Two-particle corre-
lation is modified to

AQB*
= MaMjg

<2>An 4

where Q7 and QP are the flow vectors of the sub-events A
and B respectively, M 4 and Mp being the corresponding
multiplicities. Finally we get ¢, {2} and v, {2} as,

cn{2tan = ((2))an, va{2, An}t = \/ cn{2tan  (5)

Non-flow effects can also be suppressed by exploiting the
multiparticle cumulants, which in the 4*" order can be ex-
pressed as

(4) = [|Qul"+]Q2n|>—2.Re(Q2n.Q;, Q7)) —2[2(M —2).|Qn|?
~M(M = 3)]J/[M(M —1)(M —2)(M — 3)]
en{d} = ((4) = 2(2))?, va{4} = V—cu{4}.  (©)

The flow fluctuation in terms of the cumulants are given by

(6]
{2} = (vn)? + (rﬁn(Neglecting nonflow)
v {4} ~ (v,)? —

In Fig. 1 we plot v, against the number of participating nu-
cleons Npa,t, a measure of collision centrality. vo{2} and
v2{2,|An| > 1} are almost always accordant to each other,
which signifies that non-flow effects are small in the AMPT
simulation at FAIR conditions. The marginal difference be-
tween v2{2} and vo{4} may be attributed to flow fluctua-
tion, quantified as

Uﬁn(Assuming Oy, << (Vn)) @)

2,|A 1}2 — v{4}?
oy = \/1}2{ | A7 >2} va{4} @®)
We also estimate (v2) in Eq. 7 by using
vo{2, |An| > 1}2 + vo{4}?
<v2>{est}:\/ e

Our simulation results underestimate the v2{2} values ob-
tained from the STAR measurements at /s = 7.7 GeV [7].
The difference, nominal in central but significant in periph-
eral collisions, may be adjusted by using a higher partonic
cross-section viz. p = 10 mb, instead of © = 3 mb as used
in the present analysis. Eccentricity (2) of the overlap-
ping region of the colliding nuclei is obtained from the ini-
tial spatial distribution of the participating nucleons. Due
to the fluctuating number and position of the participating
nucleons €5 may fluctuate on an event-by-event basis even
within the same cenrality class. So cumulants of €5 are de-
fined in a manner similar to that of v [8]. In Fig. 2 we plot
€2 as a function of Np,,¢. Excepting the most peripheral re-
gion the average trend of the centrality dependence of e5 is
compatible to that of vo. We now examine the effect of ¢
fluctuation on flow fluctuation. The eccentricity fluctuation

is defined as
£2{2}2 — e2{4}?
mENTT e

(10)
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Figure 2: (Color online) (e2) as a function of Npay in
Au+Au collisions at Ej,;, = 304 GeV.

Fig. 3 shows the correlation between o., and o,,. We note
that within 5 — 60% centrality class the centality depen-
dence of o, significantly captures the trend of o,,. Most
central and peripheral events are kept out of the purview of
our analysis. This should be understood as a linear map-
ping of the nature like o, x o.,, which manifests that the
initial eccentricity fluctuation predominantly contibutes to
the elliptic flow fluctuation. The relative fluctuations in
flow and eccentricity are estimated as,

Tuq Ocy

(ea){est}

Their values are plotted in Fig.4 against Npa.¢. It is ob-
served that the nature of relative fluctuation in vy is not
consistent with that of 5, which contradicts the observa-
tion of PHOBOS [1]. The magnitude of relative flow fluc-
tuation is less than that of eccentricity, which suggests that
the initial state fluctuations are not perfectly transported to
the final state. However, the appropriate reason(s) for such
an unusual behaviour at FAIR energy needs further investi-
gation.

R =

V2,4 RV R R524 11
(va){est} ’ (b
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Figure 3: (Color online) Centrality dependence of elliptic
flow fluctuation and eccentricity fluctuation in Au+Au col-
lisionsat Ej,, = 304 GeV.
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Figure 4: (Color online) Centrality dependence of rela-
tive elliptic flow fluctuation and eccentricity fluctuation in
Au+Au collisions at Ej,;, = 30A GeV.
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Event-by-event fluctuations of KX /7 and p/7 in Au+Au collisions at 30A GeV
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Search for structures in the QCD phase diagram, like
the first order phase transition line from hadronic to par-
tonic degrees of freedom, and/or the location of the criti-
cal end point is one of the major objectives of the FAIR-
CBM experiment. Lattice QCD calculations suggest that
near the critical end point, enhanced fluctuations in the fi-
nal state observabeles are expected [1]. When examined
on an event-by-event (e-by-e) basis, such fluctuations may
provide a connection between globally conserved charge(s)
and approximately conserved quantities like the entropy.
The NA49 experiment showed that the fluctuations in the
ratio of inclusive yields of K+ and 7™ in central Pb+Pb
collisions exhibit a change in sign around Fp.;, = 304
GeV [2], a phenomenon not very well understood. While
the experimental energy dependence of p/7* ratio could
be satisfactorily reproduced by the UrQMD model [3], the
same was unsuccessful in the K /7" case. The dynamical
fluctuation can be measured by [4]

2 | )

miz

where c4qta = \/Var(A/B)/(A/B) for the experiment

or for the simulated events, ¢,,;, is the same for a mixed
event sample, and (A/B) and Var(A/B) are respectively
the mean and the variance of event-wise particle yield ratios
(A/B). In experiments o4y, however, depends on detector
efficiency. Recently a more robust variable (vgy,,), inde-
pendent of the detector acceptance and effeciency, is in-
troduced to measure the dynamical net-charge fluctuations
[5]. For a pair of particles, say of type A and type B, the
dynamical fluctuation v, is defined as

(Na(Na—1)) (Ng(Np—1)) 2(NaNp)

— i 2 2 2
Odyn = Slgn(gdata - Jmi:L‘) |Udata -0

VAB,dyn = (Na)? (Ng)? ~ (N4) (Ng)

By definition vg,,, = 0 for a Poisson type single particle
distribution. The same variable can also be used to mea-
sure the e-by-e fluctuations in the particle yield ratios like
K/m, p/m, etc. [6]. In this report some preleminary results
on dynamical fluctuations on e-by-e K /7 and p/7 ratios in
Au+Au collisions at Er,, = 30A GeV are presented. The
event samples, one milion minimum-bias Au+Au events
for each, are generated by using the UrQMD model, and
a multi-phase transport (AMPT) model both in its default
and in the string melting configuration [7]. Our analysis is
confined to the central rapidity region |y — yo| < 1.0. The
protons and anti-protons are further subjected to a trans-
verse momentum cut like p; > 0.4 GeV/c.

* amphys @nbu.ac.in

10* 10*
(a) UrQMD
10° 10°
10° 107
10’ 10’
+
(b) AMPT-Def (e) AMPT-Def
o 10° 10°
E 2 2
10 10 .
Q )
w4 10 [
)
(c) AMPT-SM (f) AMPT-SM
10° 10°
10° 107
1 1 0-5% central
10 10 % W10
0.0 0.1 02 00 02 04 06
K/t p/x

Figure 1: Distributions of e-by-e K /m (left panel) and p/m
(right panel) ratios for the 0 — 5% most central Au+Au
collisions at 304 GeV.

Table 1: The values of o4y, (in %) for the 0 — 5% most
central Au+Au interactions at 304 GeV.

Ratio URQMD AMPT-Def AMPT-SM
K/m  -4.00+0.353  3.924+0.374  4.022+0.580
p/T -10.52+0.087 -7.545+0.093  -4.222+0.515

In Fig. 1 we present the distributions of event-wise K /7
and p/m ratios for the 0 — 5% most central interactions.
Each simulated distribution is accompanied by the corre-
sponding mixed event prediction. By using the first and
second moments of these distributions we calculate o4y,
whose values are listed in Table 1. From the definitions, a
positive (negative) value of o4y, or vgy, is an indication
of the dominance of correlation between particles belong-
ing to same (different) species. Accordingly, the URQMD
predicts that the K7 (pm) correlations are stronger than
the combined strength of KK and 77 (pp and 77) cor-
relations. In both versions of AMPT we see that corre-
lations between same species of particles dominate in the
K case, while that between different species of particles
is stronger in the pm case. Fig.2 shows the centrality de-
pendence of the fluctuation measures (a) Vi dyn and (b)
Vpr,dyn- Tor all three simulated data samples and at all
centralities we get positive values of v, in the K/ case,
whereas vg,,, is always negative in the p/m case. As ex-
pected, with increasing N, or equivalently with increas-
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Figure 3: dn.p,/dy scaled dynamical fluctuations v dyn
and Vpr gy plotted with Npqpq.

ing number of particle producing sources, the magnitude of
dynamical fluctuation decreases. In central and mid-central
collisions all three models yield almost identical values of
Viyn- We scale v4y, by the charged particle rapidity den-
sity (dnn/dy) at y = yo, and plot the values against Ny
in Fig. 3. For an independent particle emission we expect
that vg4y, should scale inversely with the number of par-
ticle producing sources. If on an average same number
of particles are produced by each source, the scaling by
dn.p,/dy is therefore, expected to remove the centrality de-
pendence of vg,,,. We find that the N,,,; dependence of
(dnen/dy) X Vpr, dyn, though not quite zero, is indeed much
weaker than that of v4,,,. For all models the product in the
K case slowly decreases in magnitude, while for the pm
case it increases in magnitude with increasing centrality.
Both in the K7 and pr cases, the centrality dependence of
the URQMD simulated values are more rapid than that of
AMPT. Correlations steaming out of the decays of baryonic
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Figure 4: Rapidity window (Ay) dependence of N., X
Vir,dyn a0d Nep, X Vpr ayn for three centrality bins.

(A) and mesonic (K7 and K *) resonances, and fluctuations
in the number of same and/or opposite sign particle species
might be useful to interpret the results. A more detailed
study involving different charge species of particles is re-
quired for this purpose. Dependence of Ny, X Vi dyn and
Neh X Vpr ayn on the rapidity window size (Ay) are shown
in Fig. 4 for three different centrality bins. Here N, is the
average charge multiplicity in Ay. In the upper panels the
K results for all three models show that with increasing
Ay the dynamical fluctuation monotonically increases to
saturate beyond Ay = 4.0. In the lower panels of Fig.4
we see that the behavior of the Nej, X Vpr ayn(Ay) plots
is quite different than that observed for the K'm case. Ir-
respective of the model used and the centrality class, with
increasing Ay the |Nj, X Vpr dyn| values rapidly increase
at the begining. In the UrQMD model however, magnitude
of the product start decreasing beyond Ay = 2.0 and ul-
timately saturates near Ay = 4.0. On the other hand the
AMPT values show an initial rapid increase followed by
some kind of saturation starting near Ay = 4.0. While the
initial trend of these plots can be interpreted in terms of
the diffusion of produced hadrons in rapidity space, their
difference in their behavior in UrQMD and AMPT beyond
Ay = 2.0 must have something to with long range correla-
tion, which once again needs a more detailed investigation.
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Figure 1: ROOT geometry of the mCBM setup as of December 2019, beam enters to the left.

To study extremely rare probes in nucleus-nucleus colli-
sions with high precision, the Compressed Baryonic Matter
experiment (CBM) at FAIR is designed to measure at un-
precedented interaction rates up to 10 MHz. Hence, CBM
will be equipped with fast and radiation hard detector sys-
tems, readout by a free-streaming data acquisition system,
transporting data with up to 1 TB/s to a large scale com-
puter farm hosted in the GreenIT Cube which will pro-
vide first level event reconstruction and selection. To com-
mission and optimize all components and their complex
interplay including firmware and software under realistic
conditions the CBM full-system test-setup mCBM@SIS18
(“mini-CBM” or short mCBM) has been constructed in
2017 and 2018 at the present SIS18 facility of GSI/FAIR.
The installation site of mCBM is the detector test area
named cave-D (HTD) situated at the beam entrance of the
experimental area cave-C (HTC) hosting the nuclear struc-
ture experiment R*B. mCBM comprises pre-series compo-
nents and final prototypes of all CBM detector subsystems
and their read-out chains. Details on the design of the CBM
detector subsystems are given in the corresponding Techni-
cal Design Reports [1] - [6].

As depicted in Figure 1, the mCBM test-setup is
positioned downstream a solid target under a polar angle
of about 25° with respect to the primary beam.

While the completion of mCBM is ongoing, the setup
included end of 2019 (see Figure 1):

o the time-zero (TO) diamond counter, consisting of 8x
vertical strips 2mm width each, mounted inside the
target chamber, 20cm upstream the target,

e the first station (station-0) of the mSTS subsystem
equipped with 1x STS module [7],

e the mMUCH consisting of two GEM counters, (al-
most) fully readout [8],

e the mTRD containing two TRD MWPCs (the MW-
PCs were fully operational while the GBTx data trans-
port failed) [9],

e the mTOF, fully equipped with five super-modules
containing 5x RPC counters each, configured to a
triple and double stack, enabling internal tracklet
search as well as detailed efficiency studies [10],

o the mRICH, fully equipped with two aerogel radiators
and 36x MAPMTs readout by 72x DiRICH modules
[11],

o the mPSD with one PSD module readout by a PANDA
ADC board [12].
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Figure 2: Data rates observed by the FLES process-
ing nodes inside the Green IT Cube during high-rate tests,
March 30, 2019.

As a part of the FAIR Phase-0 program, the commission-
ing of mCBM with beam has started during the machine
engineering runs in December 2018, followed by the main
commissioning beam time in March 2019, and during the
machine engineering runs in November/December 2019.
First high-rate tests could be performed during the March
2019 run, using Ag(45+) beam with an incident kinetic en-
ergy of 1.58 GeV per nucleon. Running with beam inten-
sities up to 10% Ag ions per second, resulting to a top col-
lision rate of 10 MHz, data rates up to 2.5 GB per second

Figure 3: Upgrade of the beam diagnostics in the mCBM
beam line — the photograph shows the moved-in, new
scintillation screen (lower left), about 50 cm upstream the
mCBM target. Along the beam (back to front), the laser
alignment of the scintillation screen, and the 5-fold target
ladder (empty position) in respect to the optical beam axis
is visible. In-between both, the moved-out TO diamond
counter is shown.

FAIR Phase-0 Activities

have been observed by the processing nodes of the first-
level-event-selector (FLES) [13] inside the Green IT Cube
during data taking, see Figure 2.

To ensure a proper beam alignment which is essential at
high beam intensities the beam diagnostics of the mCBM
beam line has been upgraded by the beam diagnostic team
of GSI in the second half of 2019. During the machine en-
gineering runs in November and December 2019 the two
new scintillation screens, located in front of the focus-
ing units and inside the mCBM cave (see Figure 3), both
imaged by digital CCDs, have been successfully commis-
sioned. Hence, beam alignment and focusing could be sig-
nificantly improved.

First, preliminary results obtained during data taking
in December 2019 are depicted in Figure 4. The upper
panels show spatial correlations between the mTOF and
mMUCH subsystem (x left, y right), the lower figures be-
tween the mTOF and mRICH. Data on Ar + Au collisions
at 1.7 AGeV were taken with a common, synchronized data
transport of all subsystems. Individual time-offsets of the
subsystems have been corrected during unpacking, fine-
calibration procedures have not been applied. After clus-
ter and hit finding, a simplified event building and event
selection has been performed by cluster-finding within a
fixed time window and a minimal requirement on the TO
and mTOF multiplicity.

The observed time and spatial correlations between de-
tector subsystems demonstrate a first conceptual verifica-
tion of the free-streaming DAQ system of CBM. A detailed
analysis is ongoing and further tests on the synchronization
stability e.g. in dependence of the collision rate and data
load need to be performed during the upcoming commis-
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Figure 4: First preliminary results obtained during the De-
cember 2019 run — the upper pictures show correlations
between spatial coordinates of the mTOF vs. the mMUCH
subsystem (x left, y right), the lower figures between mTOF
vs. mRICH.

189



FAIR Phase-0 Activities

sioning beam campaign in 2020. As the next steps, comple-
tion of the detector subsystems as well as major DAQ up-
grades towards the final CBM configuration are foreseen.
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Status of eTOF at STAR*
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Y. Sohngen', Y. Sun®, 1. Vassiliev®, Y. Wang®, Ph. Weidenkaff', and STAR eTOF group
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Schwerionenforschung (GSI), Darmstadt, Germany; 4USTC, Hefei, China; 5Tsinghua University, Beijing, China

The eTOF project is part of CBM’s FAIR Phase 0 pro-
gram. It comprises the installation, commissioning and op-
eration of CBM TOF modules positioned at the east pole
tip of the STAR apparatus (see Fig. 1) during the Beam En-
ergy Scan II (BESII) campaign and the participation in the
data analysis obtained in runs with eTOF. The full hard-
ware installation was completed in Nov. 2018. After a
commissioning phase of about 10 weeks the first data tak-
ing started in Feb. 2019 by recording about 580 M Au+Au
events at \/syy = 11.5 GeV with an eTOF efficiency of
85%. However, due to several beam loss events causing
instantaneous high currents on the readout strips all eTOF
preamplifier boards got damaged and no further useful op-
eration was possible during this campaign. After a careful
analysis of the damage it was decided to replace all PADI
boards with an improved version using ESD protections
diodes on the input. This was a major intervention since
the preamplifier boards sit inside the gas box and therefore
all modules had to be dismantled. Nevertheless the total
repair action including recommissioning could be finished
within 2.5 weeks.

Figure 1: Photogaph of the eTOF wheel mounted on the
east side magnet pole tip

Tablel summarizes the data set taken during the STAR
Beam Energy Scan II campaign running from December
2019 to March 2020. The 9.2 GeV collider run could not
be finished due to the Corona shut down. All fix target runs
were successfully completed and about 100 M eTOF events

*This project was partially funded by BMBF 05P15VHFC1

Mode | \/snN | Epeam # events Status
[GeV] | [GeV] | with eTOF

Col. 11.5 5.75 127 M finished
Col. 9.2 4.6 30M not finished
FXT 7.7 31.2 100 M finished
FXT 6.2 19.5 80M finished
FXT 5.2 13.5 89M finished
FXT 4.5 9.8 106 M finished
FXT 3.9 7.3 106 M finished
FXT 3.5 5.75 100 M finished

Table 1: Data set taken during the STAR Beam Energy
Scan II campaign running from December 2019 to March
2020
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Figure 2: Upper plot: width of the time distribution ob-
tained by measuring the arrival time of injected pulser sig-
nals on every GET4 board. Lower plot: mean of the time
distribution width vs. the run number.

were collected each.

The readout system for eTOF is using CBM’s free-
streaming architecture and CBM’s hard- and software com-
ponents. It comprises 216 PADI and 216 GET4 boards (108
counters) distributed over 36 modules which are grouped in
12 sectors. From each module 2x20 m long duplex fibers
transport the data which were accumulated by 2 GBTx
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ETOF Hit Position

=250

Figure 3: eTOF hit distribution monitored by the online QA
plot obtained for one /syy = 7.7 GeV fix target run.

chips to a uTCA crate housing 12 AFCKs (one for each
sector). From here the data are sent via 12x100 m long
duplex fibers to the FLes Interface Board (FLIB) located
in the DAQ room of STAR. In comparison to 2019 an im-
proved clock distribution method was installed offering a
system synchronization in the order of 35 ps over the full
wheel (see upper plot in Fig. 2). This plot shows the width
of the time distribution (red corresponds to the Gaussian
sigma and blue to the RMS) obtained by measuring the ar-
rival time of injected pulser signals on every GET4 board.
The stability of the system is demonstrated on the lower
plot of Fig. 2. Here the mean of time distribution width
from all pulser channels is plotted vs. the run number. The
range of 130 runs reflects a time period of several days. The
online event building is performed with ZMQ in parallel on
12 CPUs and is based on the trigger token information (re-
ceived from STAR) injected in the data stream at the AFCK
level. A time window of 3 s around the trigger time stamp
is selected and sent to the STAR event builder where the
data are monitored and stored for offline analysis.

Fig. 3 shows an online QA plot of the eTOF hit distribu-
tion in the global xy-plane obtained from one run (30 min)
of \/syny = 7.7GeV fix target data. Even with a prelim-
inary calibration the MRPC hits show a uniform distribu-
tion with a rate gradient towards the center and only a tiny
fraction is reconstructed outside the active area. However,
this plot also illustrates some observed features. The blue
spot at 1’0 clock position visualizes an inactive region on
the RPC surface caused presumably by a beam loss event.
This counter shows an increased HV current and could be
replaced on the next shutdown (fall this year). Remarkable
in Fig. 3 are several bands (always 4 strips together) with a
lower hit density which arise from synchronization instabil-
ities of specific FEE ASICs. Similar effects were observed
in the mTOF readout and are currently under investigation.

Beside minor issues described above eTOF showed an
excellence performance during RUN20. A reliable start-up
procedure and control interface was implemented that al-
lows the full system to be controlled via only 2 commands

CBM Progress Report 2019
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Figure 4: PID plot obtained after detector calibration for
VSnn = 7.7GeV fix target data.
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Figure 5: PID QA plots obtained with KF particle

finder package for several consecutive runs for \/syn =
3.5 GeV fix target data.

issued by the shift crew. During the last two month al-
most no intervention from experts was required. Currently
the offline data calibration is ongoing and preliminary per-
formance results in terms of matching efficiency with the
TPC and time resolution are shown in [1] (this PR). Fig. 4
obtained with \/syy = 7.7GeV fix target data demon-
strates the PID capability of eTOF. Kaon to pion separation
is enabled up to a momentum of 2.5 GeV/c. PID quality
plots can also be obtained run by run with the KF particle
finder package as presented in Fig. 5 for \/syy = 3.5 GeV
fix target data. The two empty histogram denote the non-
presence of eTOF within this runs. The start of the physics
analysis including eTOF data will follow soon.

References

[1] Ph. Weidenkaff, ““Status of eTOF performance analysis in the
STAR RUN20”,, CBM Progress Report 2019, (this report)
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Status of the eTOF at STAR program after the 2019-2020 beam campaign*
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During the STAR Beam Energy Scan II campaign
from December 2019 to March 2020, data from Au+Au
collisions have been taken at center of mass energies
of 11.5GeV and 9.2 GeV in collider mode as well as
at 7.7GeV, 6.2GeV, 5.2GeV, 4.5GeV, 3.9GeV and
3.5GeV in fixed target mode. A performance analysis of
eTOF is shown at the example of the 7.7 GeV fixed tar-
get data. We take mainly a look at matching efficiency and
time resolution.

Matching Ratio as function of track momentum on THU (Red) and USTC (Blue) counters
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Figure 1: Matching Ratio for THU (red) and USTC (blue)
counters in 7.7 GeV fixed target data as function of the
track momentum.

Matching efficiency is defined as the ratio of TPC tracks
which intersect with eTOF and have an eTOF hit within
matching distance over the total number of TPC tracks
whose extrapolation intersects with eTOF. This ratio de-
pends systematically on the intrinsic efficiency of the de-
tector as well as helix extrapolation of the track from the
TPC to eTOF. The later depends again on the number of
tracking points in the TPC, the momentum resolution of
the track and multiple scattering along the trajectory. The
resulting matching efficiencies as function of the momen-
tum can be seen in fig. 1. As the RPCs detector effi-
ciency has no intrinsic momentum dependence, the drop to-
wards lower momentum is due to multiple scattering. From
around 0.8 GeV/c to 3.5 GeV/¢, the region where eTOF
is most important for PiD, we see a plateau with only a
weak momentum dependency. The mean efficiency of in

*This project was partially funded by BMBF 05P15VHFC1
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time difference between candidates matched to the same hit | E_TDiff_Overlap
o Entries 21834
21600 \L Mean 0.4983
b=
S1400 _J7 RMS 0.1159
s ’_/ N <% / ndf 144.6/20
*1200 Constant 1488 : 14.8
T\ Mean 04922 - 0.0008
1000

nz Sigma  0.09769 + 0.00074

/
/ \
/ \

‘\_‘_\‘

e WS SRS S SN B
TDiff [ns]

=
0.9

Thu Apr 16 06:42:41 2020

Figure 3: Time difference of hits in the overlap between
Sector 17 and 18 that are matched to the same track.

the plateau is 73.3% and 72.41% for USTC and THU coun-
ters respectively.

The time resolution of the system is determined by com-
paring the measured time of flight to an expectation . This
expectation is derived from the measured momentum and
pathlength from the TPC and pion assumption. This sys-
tem resolution (see fig. 2) contains the time resolution of
the RPC as well as the resolution of the start time and the
uncertainty of the momentum measurement. The start time
is determined from the fastest pions in each event measured
by the barrel-ToF system with resolution of ~ 35 ps. An-
other systematic effect is the syncronisation between eTOF
and STAR which is achieve by a pulser with ~ 35 ps jit-
ter. Finally, the spectrum is also contaminated by a back-
ground of non-pions. To exclude these systematic influ-
ences, the time resolution between two RPCs is checked
from the overlap of 2 sectors (see fig. 3). From this, an
RPC resolution better than 70 ps can be deduced.

Physics analysis of these data is the focus of future work.
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The KF Particle Finder approach for the online reconstruction of
multi-strange hyperons and their life time determination in STAR*

I Vassiliev', Y. Fisyak?®, H. Ke?, I. Kisel'**° and A. Tang®
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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 [1], 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 STAR experiment has taken data in Au+Au colli-
sions at \/syn = 11.5 GeV in the year 2020. The detailed
description of the experimental setup and the sub-detectors
for tracking, particle identification, etc., can be found
in [2]. The reconstructed STAR Time Projection Cham-
ber (TPC) tracks were used as an input for the KF Parti-
cle package together with the reconstructed primary vertex.
The location of the primary vertex of an event was selected
within a radius r less than 2 cm, and the z-direction was in
the range [-70,70] cm. The accepted amount of minimum
bias events was about 216 - 105. The dE/dx was used for
the identification of the charged daughter particles 7=, K*
and p, p.

Multi-strange hyperons were successfully identified on-
line by their decay into charged hadrons, using the KF Par-
ticle Finder selection technique developed for CBM. Stan-
dard CBM-like cuts on a track Xfm‘m’ reconstructed par-
ticle vertex cut, L/dL cut and topology constrained cut
X%opo’ etc are used. In Fig. 1 the reconstructed invari-
ant mass spectra of A, A, =, 2, Q~, QF particles are
shown. All signals are clearly visible with excellent signal
to background ratio well above 30 even for the most chal-
lenging €2 hyperons. The position and width of the peaks
are in a good agreement with the PDG data. In the collider
mode, the efficiencies for the reconstruction of strange and
multi-strange hyperons are well controlled and were used

*Work supported by HICforFAIR, FIAS and BMBE.
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Figure 1: The reconstructed invariant-mass distribution of
A, A, 27, EF, Q7, QF particles in Au+Au minbias colli-
sions at /sy = 11.5 GeV, the red line indicates the signal
plus background fit by a polynomial plus Gaussian func-
tion.

for the tests of life time express analysis for A, =, A and
=7T. In Fig. 2 the reconstructed life time cr distributions
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Figure 2: Reconstructed life time distributions (left) of the
A and =% candidates where light blue filled histogam is the
extracted signal. The black line represents the signal plus
side band background. A and =% reconstruction efficien-
cies as function of c¢7 are shown in the center. Life times
for A and =% obtained with exponential fit in the range 5-
45 cm (right) are extracted with high presision. Systematic
errors are about 1 mm.

of the A and =7 candidates are shown where the light blue
filled histogam is the extracted signal and the black line
represents the signal plus side band background. For the
efficiency calculation we use the ROOT VMC approach,
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which provides tools to account for the STAR detector mis-
alignment from simulations. The misalignment parameters
are taken from the database and are applied to the geome-
try used for the VMC simulation. Currently, a simplified
approach for efficiency calculation is applied: 20 signal
particles are simulated per each event with primary vertex
positions generated using real data distributions. A thermal
spectrum is assumed. Life times for A and =1 obtained
with an exponential fit in the range 5-45 cm are extracted
with high presision. The systematic erros are about 1 mm
2%).

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 /snyn =
11.5 GeV. The most challenging Q~ and Q particles are
reproduced with excellent signal-to-background ratio. The
analysis of the high quality STAR BES-II data allows to
identify and develop missing tools in the KF Particle Finder
package.

References
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Data quality monitoring based on the KF Particle Finder in STAR*
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The KF Particle Finder package [1], developed by the
CBM collaboration, was used on real STAR data as a moni-
toring tools for data quality runs controll in the frame of the
FAIR phase 0 program. A fast way from data acquisition
to physics, including calibration, processing and physics
analysis of the data has been developed and successfully
tested in Au+Au collisions at /sy = 3.0 GeV (Fixed tar-
get mode) in the year 2018 and was continuously developed
further. The detailed description of the experimental setup
and the sub-detectors for tracking, particle identification,
etc., can be found in [2]. The reconstructed STAR Time
Projection Chamber (TPC) tracks were used as an input
for the KF Particle package together with the reconstructed
primary vertex. The typical distributions of the primary
vertex for fixed target runs are shown in Fig. 1. The gold
target edge located at y = -2 cm is clearly seen in the XY 2D
distribution, the projection on Y and X axis are shown in
top right and down left correspondigly. The z-coordinate
of the primary vertex is shown down right. The z-vertex
resolution is about 1.2 mm and the center is located at -
200.6 cm. The location of the primary vertex of an event
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Figure 1: 2D XY primary vertex distribution (top left) for
the fixed target 3.85 GeV Au+Au collisions with clearly
seen gold target edge located at y = -2 cm. The projec-
tion on Y and X axis are shown in top right and down
left correspondigly. Primary vertex z-coordinate distribu-
tion is shown down right. The z-vertex resolution is about
1.2 mm.

was checked by the selected within a XY-box [-3 cm, 2 cm
x -4 cm, 0 cm] and the z-coordinate of the vertex was in the
range [196 cm, 204 cm] run by run.

The dE/dx provides by the TPC run by run was used
for the identification of the charged particles 7, KT, D, D,
d* and t* and heavy fragments like *He and *He shown in
Fig. 2 (up). In the fixed target runs (year 2020) the eTOF

*Work supported by HICforFAIR, FIAS and BMBE.

detector developed for the CBM experiment was used at
STAR as a part of the FAIR Phase 0 program. The eTOF is
covers the rapidity range from -1.1 to -1.6. Combined with
the newly installed iTPC, the eTOF provides particle iden-
tification capability in forward direction at STAR which is
crucial to the Fixed Target program at BES-II. The identi-
fication capability of charged hadrons is greatly extended
compared with that achieved by TPC and eTOF separately.
In Fig. 2 (down) the m? of the 7%, K+, P, D, d* and *He
selected by eTOF run by run are shown. This DQ plots
available online and shows excellent work of the TPC and
eTOF detectors achieved in year 2020.
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Figure 2: Run by run distribution of log19(dE/dz) as a
function of logy(p) for electrons, 7%, K+, p, §, d* and t*
and heavy fragments like *He and “He (up). The units of
dE/dz and momentum (p) are keV/em and GeV/c, re-
spectively. The particle locuses are follow correspondent
Bichsel’s prediction. The m? of the 7%, K=, P, D, d* and
4He selected by eTOF (down).

The robust CA tracking in combination with excellent
particle identification provied by TPC, bTOF and eTOF
allows to reconstruct the complicated decay topology for
multi-strange hyperons online using the KF Particle Finder
package and the CBM developed selection technique. Stan-
dard CBM-like cuts on a track X;%’rim’ reconstructed par-
ticle vertex cut, L/dL cut and topology constrained cut
X?opo’ etc are used. In Fig. 3 the reconstructed invariant
mass spectra of A cadidates are shown. All signals are
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clearly visible with excellent signal to background ratio.
The position and width of the peaks are in a good agree-
ment with the PDG data. In Fig. 3 the online reconstructed
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Figure 3: Run by run reconstructed invariant mass of pm—
pairs (black). The peaks of A and combinatorial back-
ground under +3¢ region are shown as blue histograms.
The combinatorial background for the side bands analysis
are shown as yellow histograms.

invariant mass of pm~ pairs are shown as black histograms.
The typical mass resolution is about 1.7 MeV/c?.

In conclusion, the express production provides a high
quality dE/dx measurement for particles up to heavy frag-
ments and together with eTOF and bTOF measurements
allows to obtain clean spectra with high significance. The
method is implemented right on the HLT farm and allows to
perform the physics analysis of the data during the process
of data taking. The express chain provides an access to the
processed data with a delay of only about one day, which is
necessary for the production and copying of picoDST files
from HLT to RCF, and allows to do the physics analysis
of the experimental data in the regular environment. We
have already processed all the currently collected energies
of BES-II, which allows to study a wide range of physics
including hyperons and hypernuclei in one go using the KF
Particle Finder package.
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CBM PhD Award 2018 /2019

The CBM PhD Award decorates the best doctoral work related to the CBM experiment. With this award, the
CBM collaboration especially wants to honour the contributions of students to the CBM project. The award
was granted for the first time at the CBM Collaboration Meeting in April 2016 for PhD theses defended in the
year 2015. It is given annually and is endowed with a prize money of 500 Euro. The criteria for the evaluation
are:

o Impact on the CBM present and future activities, taking into account active participation in CBM (40%);
e Added scientific value in the field of the PhD thesis (30%);

o Publications in refereed journals to which the candidate had a significant contribution (30%).

The prize winner for 2018 is

Dr Hanna Malygina
from Goethe-Universitat Frankfurt for her work on

Hit reconstruction for the Silicon Tracking System of the CBM experiment

The prize winner for 2019 is
Dr Ievgenii Kres
from Bergische Universitat Wuppertal for his work on

Optimization of the CBM-RICH detector geometry and its use for the
reconstruction of neutral mesons using conversion method

Left: Dr Hanna Malygina, winner of the CBM PhD Award 2018; right: Dr
Ievgenii Kres, awardee for the year 2019
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