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CBM EXPERIMENT. CHARACTERIZATION STUDIES
OF THE DETECTOR MODULES FOR SILICON TRACKING SYSTEM

The double-sided silicon microstrip detector prototypes with 50 um pitch developed together with CiS, Germany,
have been characterized in a 2.4 GeV/c proton beam at COSY, Forschungszentrum Jiilich, Germany. Data analyses
including reconstruction of 1-strip and 2-strip clusters have been performed. We have done the study of charge sharing
in the interstrip gap. In particular it was found that there is a charge loss of less than 10 % in the interstrip gap. The
calculated signal-to-noise ratio is around 19 for the p-side of the sensor and it is sufficient for hit reconstruction. Also
the charge sharing function which allows more precise determination of the hit position in silicon sensor, have been

reconstructed.
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Introduction

The CBM (Compressed Baryonic Matter) [1]
experiment at the future Facility for Antiproton and
Ion Research (FAIR) will study properties of nuclear
matter in heavy ion collisions covering the regions
in the QGP phase diagram with moderate
temperature and high net baryon density. CBM will
study phase transition from cold nuclear matter to
quark-gluon plasma and hadron properties in dense
matter. The detector will face the challenge of
measuring Au + Au interactions at 45 GeV/nucleon
and 10 MHz rate producing up to 1000 charge
particle tracks per event. Large data volumes
produced in such an environment demand for a fast
data acquisition system based on self-triggering
electronics with online event selection. Development
of the detector is in progress.

Silicon Tracking System

The CBM experiment is a forward spectrometer
(Fig. 1). The detector will be able to measure
hadronic and leptonic signatures. The core detector
is the Silicon Tracking System (STS) designed for
high performance tracking and momentum
determination of charge particles from beam-target
interactions.

The STS comprises 8 tracking stations placed
between 30 cm and 100 cm downstream of the target
in a dipole magnet. Each station is a modular
structure of double-sided silicon microstrip detectors
of different sizes to match the non-uniform channel
occupancy distribution from the beam pipe to the
periphery. The sensors will be held by low-mass
carbon fiber support structures with read-out
electronics outside of the detector aperture, thus

minimizing multiple Coulomb scattering of
particles. The silicon detector 1is designed
minimizing the total amount of material. Silicon
sensors 300 pm in thickness were chosen to give an
acceptable balance of signal-to-noise ratio and
material budget.

TOF (RFG)

Fig. 1. Schematical view of the CBM experiment
Results

In January 2012, prototype modules of the CBM
Silicon Tracking System were tested in a 2.4 GeV/c
proton beam at COSY, Forschungszentrum Jiilich,
Germany. The double-sided sensor CBM02-B2 (256
orthogonal strips per side with 50 um pitch) was
assembled into a demonstrator board; the readout
was performed by 4 nXYTER chips. The sensor was
operated at a bias voltage of 100V, the full
depletion voltage being 80 V.

I-strip and 2-strip clusters were reconstructed.
Most probable values of the deposited energy were
determined with a Landau fit. Comparing the values
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of the charge collected by single strip and two
adjacent strips it was found that in the case of proton
penetration in the middle between two strips (both
strips collected same fraction of the charge), the full
charge of the cluster is approximately 10 % lower
than in the case of proton penetration into one strip
(corresponds to 1-strip clusters). Therefore there is a
charge loss of less than 10 % in the interstrip gap,
which is too small to significantly affect the
performance of the sensor.

The correlation of the charge registered in two
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adjacent strips are shown in Fig.2 for both the
p-side and the n-side of the investigated sensor. The
charge on the p-side peaks at about 130 ADC units,
corresponding to the most probable signal from
minimum ionizing particles (82 keV). The signal on
the n-side is approximately 10 ADC units less than
that on the p-side. The calculated signal-to-noise
ratio is around 19 for the p-side and 18 for the n-
side. This is sufficient for a reliable registration of
useful events on top of the background for the not
irradiated sensor of 285 um thickness.
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Fig. 2. Charge correlation for two adjacent strips. Left: p-side; right: n-side of the sensor.

For tracks generating enough charge on two
adjacent strips to exceed the threshold value in both
of them, the position can be determined more
precisely if the charge sharing function (n-function)
is known. m is defined as the ratio of charge
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Fig. 3. Experimental distribution of n for the sensor
CBMO02-B2 with a pitch 50 pm.

The presence of two peaks in the n distribution
signals that the charge division between the two
strips is far from being linear. The -capacitive
coupling between the strips moves the peaks towards
the center of the distribution, because a certain
fraction of the charge is always collected in the

collected by the right strip to the total charge of the
cluster. Fig. 3 shows the distribution of 1 obtained
from the experimental data. Only 2-strip clusters
were taken into account for this analysis.
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Fig. 4. Variable 1 versus hit position
between two adjacent strip.

neighboring strips.

Sinse the beam is much broader than the strip
pitch, the distribution dN/dx is constant. Then, the
hit position between two adjacent strips, in units of
the strip pitch, is given by:
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1 WdN
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where N is the total number of entries in the dN/dn
distribution and mo is the fraction of the signal
collected by the right strip in the considered event.
Thus, from Fig. 3 the dependence of 1 on the hit
position between the two strips can be derived. The

reconstruction and momentum resolution. The
double-sided microstrip detector prototypes have
been produced in cooperation of CiS Erfrut and GSI.
They were characterized in a proton beam. Sensor
CBMO02-B2 demonstrated the expected behavior:
Landau like signal, good separation between signal
and noise. The signal to noise ratio has been
obtained for both p- and n-side of the investigated

sensor. This value is sufficient for reliable
registration of useful events with such silicon strip
detectors. It was demonstrated the functional
suitability of the system for use in the Silicon
Tracking System of the CBM experiment.

result is shown in Fig. 4.
Summary

The Silicon Tracking System of the CBM
experiment is the central detector for track

REFERENCES

1. Borysova M.S., Heuser J. M., Kyva V.O. et al. // Nuclear Physics and Atomic Energy. — 2008. - No. 3 (25). - P. 94 - 99.
A. B. I1anacenxo, B. M. Ilyrau, M. Xoiizep, B. O. Kuga, 0. €. Copokin

EKCIIEPUMEHT CBM. JOCJIIJ)KEHHSA XAPAKTEPUCTHUK NMPOTOTHUIIIB EJIEMEHTIB
JJII KPEMHIEBOI'O TPEKEPA

[IpencraBneHo pe3ynbTaTH aHANI3Y AaHUX, OTPIMAHUX IIPHU TECTYBaHHI KPEMHIEBHX MIKPOCTPIOBUX JETEKTOPIB Ha
myuky mpoToHiB 3 eHepriero 2,4 I'eB ma cuaxporponi COSY (FOmix, Himewumna). IIpoBemeHo mociimKeHHS
NPOTOTHINB JABOCTOPOHHIX ceHcopiB Tuiy CBMO2. Anaii3 JaHuMX 3 MydYka JaB 3MOTY PEKOHCTPYIOBATH OJHO- Ta
OararokjacTepHi MOJii, AOCHIIUTH poOOTY MIKCTPIOBOrO MPOMIXKKY. 30KpeMa, OyJio BCTaHOBJICHO, IO Ma€ Micue
BTpata maibxe 10 % 3apsity Kiactepa B MDKCTPIIOBOMY ITPOMDKKY. BifiHOILIEHHS curHaiy 70 myMy OyJio OTpUMaHe Ha
piBHI 19 a1 p-CTOPOHM JOCITIDKYBaHOT'O CEHCOpa i € MPUHHATHUM Ul XOPOIIOTO PO3IUICHHS CHTHATY BiJ HIyMy.
Byna pexoHcTpyiioBaHa QyHKIIiS AiJICHHS 3apsity, 3HaHHS SKO1 J1a€ 3MOTy OLIBII TOYHO BU3HAYATH MiCIE TPOXOPKEHHS
3apsIHDKEHOT YaCTUHKH B CEHCOPI.

Knouosi cnosa: MikpocTpinoBUil TETEKTOpP, KPEMHIEBUHA Tpekep, QYHKIIA AUICHHS 3apsay, MiHIMaIbHO 10HI3yI04a
YaCTHHKA, KJIACTep.
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EKCIIEPUMEHT CBM. UCCJIIEJOBAHUE XAPAKTEPUCTHUK INPOTOTHUIIOB 2JIEMEHTOB
JJIsI KPEMHHUEBOI'O TPEKEPA

[IpencraBneHsl pe3yibTaThl aHANW3a JAHHBIX, MOJYYEHHBIX MPU TECTUPOBAHUU KPEMHHEBBIX MHUKPOCTPUIIOBBIX
JIETEKTOPOB Ha My4yke NpoTOoHOB ¢ 3Hepruei 2,4 [HB Ha cunxporpone COSY (FOnux, I'epmanus). IIposeneno
UCCIIeIOBaHNE MPOTOTUIIOB JIBYXCTOPOHHMX ceHcopoB Tuma CBMO02. Ananu3 [aHHBIX € Ty4Yka [O3BOJIHII
PEKOHCTPYUPOBATh OJHO- U MHOTOKIJIACTEPHBIC COOBITHS, HCCICIOBATh PA0OTy MEXIyCTPHIIOBOIO IPOMEXyTKa. B
YaCTHOCTH, OBUIO YCTAHOBICHO, YTO HMeeT MecTto moTeps mouytu 10 % 3apsima kigactepa B MEXKIyCTPHIIOBOM
npoMexxyTke. OTHOIIEHUE CUTHANA K OIyMy OBLIO TIOJIYYE€HO Ha YpPOBHE 19 IS p-CTOPOHBI UCCIEAYEMOTO CEHCOpa U
SIBIIICTCS] TIPUEMIJIEMBIM JIJISI XOPOIIETO Pa3[eNIeHUs CUTHala OT IIyma. beima pekoHCTpyHnpoBaHa (DYHKIHS ICTICHHS
3apsiaa, 3HaHHE KOTOPOH MO3BOJIIET TOYHO ONPEICITUTh MECTO MPOXOXKICHIS 3apsDKEHHON YaCTHIIBI B CEHCOPE.

Kniouesvie cnosa: MHUKpOCTPHITOBBIN NETEKTOP, KPEMHHUEBBIH Tpekep, QYHKIWS AEJCHUS 3apsiia, MUHUMAIbHO
HOHM3HPYIOIIast YacTUIla, KJIacTep.
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