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1 Introduction

The GSI Helmholtz Center for Heavy Ion Research in Darmstadt, Germany, is a world-
renowned research institute founded already in 1969 as the "Society for Heavy Ion
Research" (GSI). The research program is mainly focused on high-energy heavy-ion
physics, as well as on biophysics. The GSI accelerator system comprises the linear
accelerator UNILAC and the synchrotron SIS18 which deliver beams towards experi-
ments in the Fragment Separator, to the Experimental Storage Ring or detector sys-
tems such as HADES and FOPI. Magnetic rigidity in the SIS18 is 18 Tm which allows
to reach energies up to 4.5 GeV for protons and up to 1 GeV/u for uranium ions [1].

As an update of the present laboratory the new Facility for Antiproton and Ion
Reasearch (FAIR) is under construction. It will be placed next to the existing fa-
cility. The UNILAC and the SIS18 accelerators will distribute the beams towards
new synchrotron SIS100 and later on to the SIS300 synchrotron. Magnetic rigidity of
the future accelerators is 100 Tm and 300 Tm, respectively. According to the design
intense pulsed beams from proton to uranium will be provided. Intensities are in-
creased by factor 1000 for protons and 100 for heavy-ions. The accelerator facility will
be able to provide also continuous beams which will be used in the high interaction
rate experiments such as CBM, PANDA and also in Super-FRS [2].

When continuous intense beams (DC-beams) are used the read-out electronics of
particular experiment cannot be synchronized with the beam thus trigger, as used
e.g. in experiments in LHC, won't be provided. For the prototyping of the detectors
for experiments the n-XYTER or n-XYTER-based read-out electronics is used. It a
self-triggered front-end with one 32 MHz 12-bit ADC for all 128 channels of the chip.
In this paper the description of the n-XYTER self-triggered is given. In particular the
main focus of the work was to achieve proper energy and threshold calibration. Some
of these results were successfully published in Nuclear Instruments and Methods A [3].

In the Compressed Baryonic Matter experiment the interaction rate up to 109 is ex-
pected with production up to 1000 particles in central collisions. CBM is a stationary-
target experiment which will explore the QCD phase diagram at high net-baryon
densities. In contrary to the other experiments focused in such research the CBM ex-
periment will explore the diagnostic probes of the early and dense phase of the �reball
evolution. It will be built out of several detectors, such as Micro-Vertex detector, Sil-
icon Tracking System, Ring Imaging Cherenkov detector, Time-of-Flight wall, Muon
Chamber System, Transition Radiation Detector, Electromagnetic Calorimeter and
Projectile Spectator Detector. The �rst two will be placed in the gap of supercon-
ducting magnet with bending power 1 Tm [4, 5]. The heart of the experiment is the
Silicon Tracking System (STS). In the April 2013 the STS research group submitted
the Technical Design Report (TDR) which was approved by FAIR in the middle of Au-
gust 2013. The optimization of the STS geometry which would ful�l the performance
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requirements is given. Next the most important quality assurance tests are described.
Further the work continued with the tests done in the laboratory such as measurement
of the charge sharing function using infra-red laser, charge collection e�ciency for par-
ticular read-out electronics using radioactive sources and in-beam tests (beam-time in
January 2012) using 2.4 GeV/c protons. In the end the very �rst results obtained from
the �rst prototype module of the STS are shown. All shown results were important
and many of them became crucial arguments towards successful TDR submission.

At FAIR the NuSTAR collaboration will focus on the research using secondary
beams created in the Superconducting Fragment Separator (Super-FRS). The main
goal is to investigate the processes leading to the production of the exotic short-lived
nuclei. Super-FRS is divided into two sub-separators (the pre-separator and main-
separator) creating two stage separation process [6, 7]. For the monitoring of the
beam the Gas Electron Multiplier Time Projection Chamber (GEM TPC) will be
used in beam intensities ≤ 107. It will be read-out again by the self-triggered read-
out electronics. Here the n-XYTER based electronics, the GEMEX, was used for
the prototype tests. GEMEX comprises two n-XYTER chips on the front-end board
designed for the purposes of the Fragment Separator data acquisition system. Data
taking took place at FRS cave S2 in May 2012 with 800 MeV/u Au79+ ions. First the
overview of the working principle of such detector is described. Then the results from
data analysis are shown for �rst prototypes with particular con�guration.

Goals are divided into two main parts - the simulations and the laboratory and data
analysis work, with the following tasks:

• Simulations tasks were to optimize the geometry of the Silicon Tracking System
and simulate and evaluate the performance of the geometry using Monte Carlo
simulations.

• Measurements and data evaluation tasks were devoted to investigation of the
behaviour of the n-XYTER self-triggered read-out chip, measure the energy and
threshold calibration of the mentioned chip, investigate the properties of the
GEMEX read-out system, investigate the properties of the sensor prototypes
for the Silicon Tracking System of the CBM experiment, de�ne the main qual-
ity assurance tests for the silicon sensors for the future mass production, test
the properties of the prototype sensors using di�erent approaches - laser beam,
radioactive sources and proton beam, investigate properties of the full STS pro-
totype module with n-XYTER read-out, built up the GEM TPC detector with
GEMEX read-out, test the GEM TPC detector prototypes at beam and evaluate
the data obtained during both beam-times.



2 Self-triggering electronics for FAIR

experiments

In experiments at FAIR, high event rates are expected (e.g. for the CBM experiment
the event rate will rise up to 109). Conventional triggered data acquisition (DAQ)
systems allow to keep the information for a limited time (usually few microseconds)
and after fast �rst level trigger determines positively about an event in a set of data, the
DAQ system transports the event of interest. In case of heavy ion collisions with high
rates, such latency of decision formation is not su�cient. In contrary to the triggered
system the event selection has to be done on-line. Each particle hit is autonomously
detected and the hit parameters such as amplitude of the signal and time-stamp are
archived in large memory units. The event building will be done by evaluation of the
time correlation of the hits. Full event reconstruction and decision (e.g. on detached
secondary vertices as for open charm particles such as D mesons - cτ = 123µm for D0,
cτ = 314µm for D± mesons [5]) will be done by optimized and fast analysis codes.
Thus the essential factor is the the data transport and computational throughput
rather than decision latency [8]. High time resolution up to 1 ns, short shaping times
and low noise are main prerequisites for the front-end electronics in FAIR experiments.
However, conditions of higher gain and short shaping times are in contradiction with
the last condition mentioned - low noise.

2.1 n-XYTER self-triggered front-end electronics

n-XYTER stands for neutron-x-y-time-energy-readout. It is a pre-ampli�er shaper
ASIC which was originally developed within the EU FP6 NMI3 project DETNI for
solid-state and gaseous neutron detectors [9]. Due to its self-triggering design, high rate
capability, high gain and bipolar front-end, this chip is widely used in various projects
within GSI and FAIR (in Darmstadt) as well as other laboratories for the read-out of
silicon detectors, gaseous detectors as well as photomultipliers.

The chip itself comprises 128 individual read-out channels. Each of them starts
with a charge-sensitive pre-ampli�er after which the signal is split and sent into a fast
and a slow shaper with shaping times of 19 ns and 139 ns, respectively. The basic
scheme of one of the n-XYTER channels is shown in Figure 2.1.

The fast shaper output is used for internal triggering and time measurement. When
the signal in the shaper exceeds the prede�ned threshold and the comparator is
�red, hit generation starts. The comparator operates together with a time-walk-
compensation circuit (TWC) in order to obtain a precise and amplitude-independent
signal. TWC is needed since the leading edge discriminator switches earlier for higher
pulses, e�ect referred to as "walk" [9].
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Figure 2.1: Simpli�ed architecture of the n-XYTER chip. Single channels as well as
the common logical part are shown [10].

The second shaper - the slow shaper - was designed for a peak amplitude measure-
ment task. The longer shaping time is chosen to compromise between a low noise
level and the pile-up probability. It is composed out of two �rst-order low pass �lters.
The second one is a fully di�erential folded cascade stage. The feedback circuit en-
sures stabilization of the common mode voltages. The peak detection and hold circuit
(PDH) is activated by the comparator following the shaper. Basically the PDH is a fast
voltage follower connected over a diode to a capacitor so that the capacitor is charged
over the leading edge of the incoming pulse but it doesn't discharge on the trailing one.
The PDH circuit is active for a certain time after which the voltage in the capacitor is
latched to the analog memory as the analog pulse height value [9]. Since the n-XYTER
has no ADC built in, the amplitude information is stored as an analog voltage level in
4-cell deep FIFO (�rst-in-�rst-out bu�er).

The DC o�set of the slow shaper is not forgotten but it is present within the analog
output of the channel of the n-XYTER since it has to be determined and subtracted
by the user. Additionally this o�set has a temperature dependence with a large tem-
perature coe�cient. For precise measurements, temperature stabilization as well as
continuous monitoring of the DC o�set are necessary.

The transmission of the hit information starts as soon as there is at least one
hit stored in the FIFO of one of the n-XYTER channels. All analog channels share
a single analog output port for the amplitude information and a 8 bit digital bus to
transport 4 bytes of data with the channel number, the time stamp and some auxiliary
information. The arbitration for the usage of the outputs is realized with a 32 MHz
Token Ring [3]. Without the DC o�set, the amplitudes can be converted back to mV
according following equation [10]:

U [mV ] =
A[ADC LSB] · 2000mV

4095ADC LSB
(2.1)

Due to the large temperature drift of the DC o�set values in n-XYTER 1.0 chip
the cooling with regulated thermalization (to sustain the temperature of the chip in
precision of ±0.1◦C) has to be present.

The DC o�set can be determined by switching the n-XYTER into the externally-
triggered mode.
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2.2 Transconductance calibration of the n-XYTER

front-end electronics

One of the most signi�cant information, which has to be known about detector read-
out electronics, is the energy calibration. This requires input of a known signal am-
plitude to the channels of the electronics, where the output in ADC LSB is measured.
Afterwards the calibration curve can be extracted.

For the sake of generality of the results for the n-XYTER electronics, an approach
using injection of a pre-de�ned amount of charge through a capacitor was chosen. In
this case the amount of charge in the pulse is:

Q = C ×∆V (2.2)

The coupling capacitance was found to be 1051 ± 1 fF (0.1% accuracy) and does
not depend on the signal frequency nor on the signal amplitude (range 0.3 V - 1 V).
Attenuation was provided by passive 2 or 3 attenuators type in series, each with a 20
dB attenuation factor, giving an attenuation factor of 10 for voltage steps.

The range of the injected charge was from 0.5 fC to 25 fC. Because of the threshold
which could not be decreased due to baseline noise, signals below 0.5 fC remained
undetected. To check gain uniformity of the chips, measurements were performed
using several channels within three di�erent n-XYTER chips. Results are shown in
Figure 2.2.

Figure 2.2: Calibration of the n-XYTER for negative (left) and positive (right) polar-
ity [3].

Rather homogeneous gain is present in the channels within their linear range from
0 fC to 14 fC. This allows to create a single calibration curve for the whole production
batch of the n-XYTER chips. Strongly visible gain variation is present above 15 fC.
This can be considered as a stochastic error of the calibration. The parametrization
for negative and positive polarity signals was found as follows:

Qnegative = 0.2025 + 20.53× 10−3 × A− 6.733× 10−6A2 + 13.24× 10−9 × A3−
− 3.566× 10−12 × A4 (2.3)
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Qpositive = 0.3966 + 19.21× 10−3 × A+ 2.603× 10−6A2 − 13.24× 10−9 × A3+

+ 12.27× 10−12 × A4 (2.4)

where Q is charge given in fC and A is the measured amplitude in ADC LSB. For
the linear range from 0 ADC LSB to 700 ADC LSB a simpli�ed linear �t equations
can be extracted:

Qnegative = 0.0776 + 0.02051× A (2.5)

Qpositive = 0.3718 + 0.01960× A (2.6)

The estimation of the total stochastic uncertainty (which is dominant one) is based
on the property that when the stochastic error is found correctly, the pull distribution
has to have width of 1 (assuming Gaussian errors) [11].

The resulting parametrization for the uncertainties is:

∆Q = 0.1− 0.4× 10−3 × A+ 1.4× 10−6 × A2 (2.7)

2.3 Threshold calibration of the n-XYTER chip

In the self-triggered mode, the signal in a particular channel has to have higher ampli-
tude as the threshold set by the discriminator. In case of the Silicon Tracking System
amplitudes up to 3.8 fC are expected (most probable value for the signal created by
the passing minimum ionizing particle (MIP) in silicon).

Figure 2.3: Threshold calibration as measured in fast branch of the chip channels using
S-curve scans.

To determine the threshold level in relevant units such as charge (in fC), a similar
setup as for the ADC calibration, with a pulse injector was used. Full operating
range of the threshold up to 10 fC was tested using the S-curve method. Here trigger
e�ciency was calculated as a ratio of the discriminator trigger rate, to the input signal
rate controlled by the pulse injector. When 50% e�ciency was achieved the particular
threshold level was related to the input charge.



Since the fast branch in each channel is the one where the threshold is applied,
the threshold response is a characterization of this particular branch. The measured
dependence of the threshold register Vth in its arbitrary units, but common to all
channels, as a function of the injected charge is shown in Figure 2.3. The region of
interest can be linearly �t with a slope of 21.2 Vth DAC register units per fC.

3 The Silicon Tracking System

The central detector system of the CBM experiment is the Silicon Tracking System
(STS) which will be located in the gap of a superconducting dipole magnet creat-
ing a 1 T magnetic �eld (see Figure 3.1). It will provide track reconstruction and
momentum determination of the particles created in the beam-target interactions.
The STS will operate in a start-up con�guration of the CBM experiment at SIS100
conditions as well as later in the completed CBM setup at SIS300. In the laboratory
frame the hemisphere is covered - from center-of-mass rapidity to close to beam ra-
pidity. Therefore, in the concept of the CBM experiment the polar angular aperture
2.5◦ < Θ < 25◦, due to physics performance, is chosen. According to the simulation
performance studies single-hit spatial resolution of 25 µm provides the required mo-
mentum resolution (∆p/p ≈ 1%). Since momentum resolution is limited by multiple
scattering of the particles a low material budget is required [5].

Figure 3.1: Left: Engineering view of the Silicon Tracking System: the thermal box
(green) of the STS is shown in the magnet and superconducting coil (brown) with
beam-pipe before, within and after the STS (grey and yellow) as well as position
of the Micro-vertex Detector (MVD) before the STS in its own vacuum enclosure
(orange). Right: arrangement of the stations of the STS [5].

The expected rate of charged particles is up to 10 MHz per cm2 for the innermost
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areas close to the beam-pipe. Towards the outer parts the rates fall by orders of magni-
tude. Running scenario studies with FLUKA [12] yield the 1 MeV neutron equivalent
�uence. In the innermost area the �uence stays below the 1013 per cm2 at SIS100 and
1014 per cm2 at SIS300. Due to radiation damage of the sensors the operating voltage
is expected to increase from initial 100 V up to 500 V. The sensors will be operated
at -5◦C to reduce radiation damage induced by leakage currents.

3.1 Silicon as detector material

Silicon detectors belong to the semiconductor detectors family. The basic generation
principle is that of ionization chambers. In the simplest way the absorption medium
is biased via electrodes. Passing particles create electron-hole pairs which then move
due to applied electric �eld. The electrodes can be segmented which allows measuring
the position of the particle. The amount of signal read by a particular electrode (e.g.
a strip) depends on the position of the electrode with respect to particle's trajectory.
If the signal is read by several strips (creation of the cluster) the center-of-gravity
calculation of the signal can be applied. This results in a better position resolution
with respect to the resolution given by one strip alone [13]. When electrodes on both
sides are segmented (e.g. in orthogonal direction) then the position in both the x−
and the y−coordinate can be determined.

A charged particle passing through the sensor's material loses energy and creates
electron-hole pairs. In solid materials the absorbed energy has to exceed the band gap
energy in the given material. For silicon the value is 1.12 eV but with particle energies
> 50 eV also momentum conservation has to be applied which yields the ionization
energy of about 3.6 eV. Minimum ionizing particles passing silicon material create
about 80 electron-hole pairs per 1 µm path length. In an applied electric �eld charge
carriers are accelerated towards the electrodes. In silicon their speed is saturated
within few picoseconds and then the velocity depends on the electric �eld in given
position but not on time:

~v(x) = µ~E(x) (3.1)

where µ is the charge carrier mobility. For electrons in Si material their mobility
is 1350 V/cm·s2 and for holes it is 450 V/cm·s2. Electrons can pass 1 µm of silicon
within 70 ps where this time is three times higher for holes.

The conductivity in semiconductors is controlled by introducing impurities to the crys-
tal via doping processes. If the semiconductor has the atomic number Z, the dopant
with atomic number Z+1 will add one electron which is lightly bound in the shell and
can be thermally excited into the conduction band. Thus electrons become mobile
charge carriers. On the other hand a dopant with atomic number Z-1 will lack one
electron. By adding a small amount of energy the electron can be transferred from
the neighbouring atom. This un�lled bond may move and behaves as a positive charge
carrier, a hole. A Z+1 material is called n−type, a Z-1 material a p−type. Adjoining
the p-type and the n-type material creates a pn-junction. When voltage is applied
(positive polarity to the n-side and negative polarity to the p-side - so called reversed
biasing) electrons and holes within the materials are pulled away from the junction.
The inner volume is thus depleted of mobile charge which creates an insulator with
desired electric �eld. Even without voltage applied to the electrodes thermal di�usion
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creates a depletion region. As electrons and holes di�use, a space-charge region is
formed and the resulting electric �eld limits further thermal di�usion. This built-in
potential Vbi is typically about 0.5 V [13]. A reverse bias voltage Vb creates depletion
width:

wd =

√
2ε(Vb + Vbi)

Ne
(3.2)

where N is the dopant concentration in the bulk and ε is the dielectric constant
of the material (11.9 ε0 for Si). When wd is smaller than the thickness of the silicon
wafer, the detector is partially depleted. If the depletion width extends to the back
contact then the sensor is fully depleted.

Figure 3.2: Creation of pn-junction (left top), charge distribution without applied
external voltage (left middle) and with external voltage applied (left bottom) and
typical silicon detector (right) [13].

3.2 Concept of the Silicon Tracking System

A crucial requirement to the STS is a minimized material budget to limit multiple
scattering. As a result the front-end electronics, cooling and mechanical infrastructure
are located outside of the acceptance of the STS detector. To ful�l the momentum
resolution requirement, a single-hit resolution of 25 µm is needed. Therefore a read-
out strip pitch of 58 µm was chosen. The hit density is inhomogeneous and increasing
towards inner close to the beam-pipe. Di�erent strip lengths are required for the dif-
ferent regions of the STS (short in inner region and long in outer areas). This way
the maximum occupancies are kept all over the tracker below few per cent.

The detailed layout of the STS, i.e. the number and location of the di�erent sec-
tor types was determined from simulations utilizing the CbmRoot framework [14].
The particles emitted from the collision were obtained from the UrQMD [15] genera-
tor. The GEANT3 [16] software is applied to transport the particles through the STS
detector.
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The detector system consists of eight planar tracking stations located at 30, 40, 50,
60, 70, 80, 90 and 100 cm downstream of the target. Each station is built up of mod-
ules where each consists out of 300 µm thick double-sided micro-strip silicon sensors,
interconnecting low-mass cables and front-end read-out electronics. The thickness of
the sensors is chosen to give acceptable signal-to-noise ratio and minimal material bud-
get. The amount of material for the STS corresponds to 0.3 % radiation length (X0)
for silicon sensors but to the total thickness add also passive materials, in particular
the cables where the amount of material equals to 105 µm silicon equivalent corre-
sponding to 0.11 % X0 per cable layer. Since double-sided sensors are used two layers
of cables are needed for each sensor. A maximum radiation length slightly larger than
1% X0 is reached at the outer parts of the stations. The double-sided micro-strip
sensors will comprise 1024 strip per side with 58 µm strip pitch and a stereo-angle of
7.5◦ between front- and back-side strips, where only the strips on one side are tilted
with respect to the vertical edge. This allows reconstructing two-dimensional space
points of the hits from same sensor.

The new station layout had to be realized taking into account technical require-
ment to reduce the spare parts of the sensors, modules, ladders etc.. The stations
were commuted into duplets, where four (almost) identical pairs of the stations were
introduced. The main goal is to minimize the amount of the modules which leads to
the minimization of the needed electronics, cabling and the other infrastructure and to
create the geometry with symmetrical granularity within the station decreasing from
its center to the outer edge.

Figure 3.3: Left: Four duplets of the stations starting from left, stations 1 and 2,
further stations 3 and 4 followed by station 5 and 6 and stations 7 and 8 on the right.
Red line de�nes the acceptance of the stations 2, 4, 6 and 8, while the black one for
the stations 1, 3, 5 and 7.

In the optimized geometry1 requirements such as up-down geometrical symmetry,
a maximum of 10 sectors per ladder and full acceptance coverage (including the inner-
most areas around the beam-pipe) were considered. The color scheme in Figure 3.3
represents the positions of the sectors within the ladders and stations. If the sector is
in the middle of the ladder the color is light, higher sector numbers within the ladder
are represented with the darker blue colors.

For performance simulations UrQMD generated minimum bias 25 AGeV Au+Au
collisions were used. The tracking e�ciency as a function of particle momentum and
tracking e�ciency as a function of the polar angle are the most crucial indicators.

1namely version 13c
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Figure 3.4: Material budget within three arbitrary stations. In overlapping regions
material budget rises to 2% of the radiation length (red). In outermost regions of
the stations the material budget is ≈1% of radiation length (green).

The tracking e�ciency is de�ned as the ratio of the number of reconstructed tracks and
the number of reconstructable tracks. Those are de�ned as particle tracks expected to
have four and more hits within the STS stations. The track reconstruction is done by
the Cellular Automaton-based track �nding procedures [5]. It loops over the detected
hits. They are identi�ed with a hit �nding algorithm. First step of the algorithm
is called cluster �nder. A cluster is a group of adjacent hit strips in a sensor with
a common time stamp [5]. The position of the cluster is further de�ned according to
the center of gravity calculation [17]:

XCenter of Gravity =

∑
cluster Sixi∑
cluster Si

, (3.3)

where xi is the position of the i-th strip included in the cluster and Si is the signal
amplitude on the strip. The sum is for all strips of the cluster.

Reference primary tracks are reconstructed with 98% e�ciency for the particle
momentum above 1 GeV/c. Secondary tracks reach reconstruction e�ciency up to
90%. When all tracks are taken into account then the reconstruction e�ciency rises
up to 97%.

When looking at the tracking reconstruction e�ciency as the function of the polar
angle one can see that e�ciency �attens at 98% within the aperture. Below 5◦ and
above 25◦ the decrease of the e�ciency is visible. First one is attributed to coverage
of the inner-most area close to the beam-pipe, where circular pipe is surrounded by
rectangular sensors. Second one is due to layout of the stations which is done in
duplets. Such way 1st, 3rd, 5th and 7th station have higher acceptances up to 38◦ but
many tracks are not properly reconstructed thus leading to decrease of the e�ciency.
The achieved momentum resolution of the tracks is 1.2% for the high-momentum
particles.
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Figure 3.5: Track reconstruction e�ciency as a function of particles momenta and
polar angle (left and middle) and the simulated momentum resolution (right).

3.3 Tests of the STS components

The basic operating unit of the STS is the module. The module will be mounted in
groups of ten on carbon �bber support structures (the ladders). Modules are built
from:

• double-sided silicon micro-strip sensors,

• low mass cables,

• read-out electronics placed outside the physics acceptance of the system.

3.3.1 Description of the STS sensors

In the STS double-sided sensors will be applied. Their advantage is the determination
of space point with the same amount of material as opposed to single-sided sensors
where two of them would have to be used to determine the same information. A silicon
sensors of 300 µm thickness has been chosen for su�cient signal-to-noise ratio. Further
speci�cations are [5]:

• n-type bulk material

• double metal to interconnect strips on the corner of the p-side (or replacement
by external micro-cable)

• outer sensor dimensions: 2.2× 6.2 cm2, 4.2× 6.2 cm2, 6.2× 6.2 cm2

• strip lengths of approximately: 2 cm, 4 cm and 6 cm

• strip pitch 58 µm

• stereo-angle between front and back strips 7.5◦

• AC coupled read-out

Radiation hardness up to 1×1014n eq/cm2 has to be achieved covering running sce-
nario of the experiment [5]. According to available models, which describe the perfor-
mance of the various silicon sensor materials, the full depletion up to 1×1013 neq/cm2

can be achieved at 120 V or less. At maximum �uence (SIS300 physics) the full
depletion voltage can increase up to several hundred volts.
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In order to ensure satisfactory performance of the sensors their basic properties
need to be measured. For the detailed performance evaluation of the prototype sen-
sors it is essential to establish the quality selection towards mass production and de�ne
the required technological approach. This way further prototyping can proceed and
additional measurements can be performed - such as irradiation test or in-beam test.
The main properties of each of the sensor to be checked are full depletion (and fur-
ther operational and break-down) voltage, leakage current, bulk capacitance, coupling
capacitance and inter-strip capacitance. From an understanding of these parameters
the performance of the sensor can be predicted. Inter-strip capacitance gives an idea
about the charge distribution between the neighbouring strips. In addition it also has
an e�ect on the noise level. The coupling capacitance a�ects the fraction of the charge
that is integrated in the charge-sensitive ampli�er (CSA) of the read-out electronics.

Some of the above mentioned parameters depend on the production process - such
as leakage current, full depletion voltage and break-down voltage. They also depend
on the properties and quality of particular wafer and defects, which can be locally
introduced during mechanical treatment, thermal stress during etching, sputtering,
implantation etc. Utmost care and cleanliness are required during all handling steps.

3.3.2 Laboratory tests

Charge sharing functions and the amount of charge integrated at the charge sensitive
pre-ampli�er of the n-XYTER read-out were measured at three di�erent setups using
a focused laser spot projected on the sensor, with a radioactive source creating signals,
and a high energy particle beam. For all measurements the test sensors of CBM02
type were used.

The charge collection e�ciency by a strip and further transport e�ciency by the
micro-cables are main parameters of interest. These e�ciencies determine the signal-
to-noise ratio. Contributors to the signal distribution are the coupling capacitances
and the inter-strip capacitances of the sensor.

In the laser setup an infra-red laser with wavelength 1050 nm was used. The power
of the laser was regulated such to create measurable signals. The laser spot could be
moved with stepping motors in 5 µm steps, �ne enough to change position between the
strips. The signal amplitudes were measured at neighbouring strips and one second-
neighbour. Signal was collected from all strips to determine the amplitudes on each of
them at particular laser spot positions. The total signal amplitude was calculated as
the sum of the amplitudes coming from all strips. A fraction of the total amplitude
was further calculated for each of the involved strips. Thus the resulting plot in left
on Figure 3.6 shows only charge sharing as measured with the laser setup while the
re�ections from metal strips do not disturb the results.

Up to 10% of the signal is distributed to the neighbouring strips even when the
signal is created directly above the leading strip. For a minimum ionizing particle this
is about 1200 electrons distributed to each of the direct neighbours. Such value will
be below the threshold in the main experiment and this signal has to be expected as
lost.

The e�ects of the clustering and the threshold applied were checked with a CBM02B2
sensor. Two di�erent groups of channels within the sensor were prepared - in the �rst
only one strip was connected to the input channel of the electronics, the rest of
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Figure 3.6: Charge distribution in main and neighbouring strips as a function of
the position of the laser spot between the strips (left) and amount of charge collected
by front-end electronics from one strip connected to the input of the channel of the
electronics (middle) and from �ve strips connected to the same channel (right).

the neighbouring strips were �oating. Thus the distribution of the one-strip cluster
amplitude distribution was determined. In the second group �ve channels were con-
nected together to one input of the n-XYTER chip. The same channel of electronics
for the read-out was used so gain variations which occur from channel to channel were
not a�ecting the measurement. The number of �ve strips was chosen from the noise
point of view, so the input capacitance is still small enough that the threshold could
be set relatively low.

For the measurements a 241Am gamma source was used with the known expected
response of 114 ADC for the 59.5 keV peak in the n-XYTER electronics.

As shown in Figure 3.6 the increase of about 13% in signal amplitude is seen.
Similar results in increase from 10% - 15% were measured also for the other channels.
The median of the peak value distributions for the one-strip cluster and �ve strips in
group give the values 96 ADC counts and 104 ADC counts respectively, thus resulting
into measured charge collection e�ciency of 84.7% for one strip and 91.5% for a group
of �ve strips. Such a result proves that some amount of signal is lost due to charge
sharing and since it is a quite small percentage the signal is for further analysis hidden
below the threshold. Additional 8% loss of signal is due to charge division between
the coupling capacitor and the input capacitance of the read-out chip.

3.3.3 In-beam tests of a prototype system

The tests were performed at the Cooler Synchrotron (COSY) in Jülich in January 2012
with 2.4 GeV/c proton beam. In the next sections the preparation procedures towards
building up the test setup followed by results of the in-beam test are described.

For the beam tests three stations with test sensors were assembled. Such way a
light tight and low noise environment was created. Two CBM02 sensors were used as
a racking reference and in the third (middle) station irradiated CBM04 sensors (ir-
radiated to the neutron equivalent �uences: 1×1012 neq/cm2, 1×1013 neq/cm2) were
under test. The type inversion is expected at 1×1013 neq/cm2 �uence. The sensors
were placed on the designated PCB boards with fan-outs to the connectors compatible
with the connectors of the n-XYTER read-out electronics. Amplitude response, �rst
on-line tracking and spatial resolution were the main deliverables.

A residual noise of 600 ENC (1σ) was achieved resulting in up to 15% of the signal
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expected to be lost due to the threshold settings. For used the proton beam the
expected amplitude response for the peak value in the used 285 µm thick sensor is
175 ADC counts. Knowing from previous measurements that approx. 9% of the signal
is lost due to the coupling capacitance and used FEE and up to 6% of the signal is lost
directly due to the capacitances in the sensor the expected value for the peak value is
about 149 ADC counts for non-irradiated sensor.

Figure 3.7: Example of ADC spectra and amplitude distribution for one-strip clusters
for p-sides of the non-irradiated sensor (left), sensor irradiated to 1×1012 neq/cm2

(middle) and 1×1013 neq/cm2 neutron equivalent �uence (right).

The resulting positions of the peaks are summarized in Table 3.1. One can con-
clude that with increasing irradiation the position of the peak decreases thus leading
to lower signal-to-noise ratio. In measured one-strip clusters the signal-to-noise ratio
was about 30, even for the sensor irradiated to the �uence 1×1013 neq/cm2.

Fluence
[neq/cm2]

Peak amplitude [fC] % of the expected value
3.65 fC

0 3.15±0.15 86±4
1×1012 3.06±0.15 84±4
1×1013 2.69±0.14 74±4

Table 3.1: Resulting ADC amplitudes for one-strip clusters for the non-irradiated and
the irradiated CBM04 sensors. Comparable results were obtained also for the n-side
of the tested sensors.

For the evaluation of the tracking performance the spatial information coming from
the scintillation hodoscopes and from three silicon sensors was used in addition to
the hits in the silicon detector. To determine the spatial resolution of the silicon
sensors the alignment of the detectors was done by ful�lling the requirement that the
distribution of the coordinate residuals of a particular sensor had a mean value equal
to 0. The widths of the distributions are the attributed to the intrinsic resolution of
the detector. The spatial resolution for the reference silicon sensors (STS1 and STS2)
was found to be of about 33 µm which is twice as much as it would be from the pitch
alone (58/

√
12 = 16.7µm). The sensors under test (STS3) showed the resolution again

worse by the factor of 2 with respect to the reference sensors. The di�erence can be
attributed to the simple alignment procedure and for the sensor under test to the lack
of cooling and the probably not fully realized reverse bias due to the current limit.
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Figure 3.8: Spatial resolution (as obtained from residuals distribution) of the sensors
under the test [5].

3.3.4 Test of a �rst STS prototype module

In the STS detector system the module is the main building block of each station. First
prototypes were built using CBM01 sensors, micro-cables and n-XYTER electronics for
the read-out of 2×128 channels (for each side of the detector one cable is provided).
Three di�erent prototypes were studied having 10, 20 and 30 cm long cables. By
mistake, the read-out cables were missing one spacer layer resulting into high noise
level in every second channel.

From the performance of the n-XYTER chip [10] the noise is expected to increase
by about 8 electrons per cm of cable (1σ measure). With 3σ measure (the threshold
cutting o� 99.7% of the noise) the increase is 24 electrons per cm cable.

In the experiment the values were measured in ADC counts. Then from the simpli-
�ed calibration formula for low amplitude signals the conversion to charge was made.
The observed noise is 11±4 electrons per cm as measure of 1σ (33 electrons for 3σ
measure).

Figure 3.9: Noise of the demonstrator modules as a function of the micro-cable length.



4 GEM TPCs for precision

measurements of ion tracks

in the Super-FRS

In the FAIR project, namely in the Super-FRS, precision measurement of ion tracks
is required [6, 7]. For beam intensities up to 107 particles per spill the use of the
Time Projection Chambers with Gas Electron Multipliers (GEM TPC) chambers is
foreseen.

The main tasks for the detection system installed within the Super-FRS are [18]:

• non interference with the beam,

• large dynamic range,

• coping with intensities up to 107 ions/s,

• apertures according to the Super-FRS speci�cation,

• high spatial resolution 0.1 - 0.2 mm.

Up to now such detectors are not available. Thus the collaboration of Helsinki-
GSI-Bratislava is currently developing detectors ful�lling these requirements. The
�rst ion tracking GEM TPC detectors were prototyped and tested using the new
self-triggered n-XYTER based GEMEX read-out electronics developed by the GSI-
Heidelberg cooperation in may 2012 in GSI [19]. These GEM TPC detectors with the
particular read-out electronics allow high rate measurements of the ion coordinates up
to 10 MHz with low ion back-�ow.

4.1 Principle of gaseous detectors

The Time Projection Chambers belongs to the drift chambers family of the detectors.
When the charged particle passes through the material the interaction occurs. Various
processes take place in this stage. All interactions are present but for gaseous detectors
the main impact is done by electro-magnetic interactions where only inelastic collisions
give enough energy loss for signal creation. Passing particle losses its own energy and
excites or ionizes the molecules or atoms of the gaseous �ll of the detector. Out of
these two the ionization plays the main role. Semi-empirical model of such interactions
was described by Bethe and Bloch. Energy loss is then described by [20]:

− dE

dx
= Kz2

Z

A beta2

[
1

2
ln

2mc2β2γ2Tmax
I2

− β2 − δ

2

]
(4.1)
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where:

K =
2πNAρe

4

mc2
(4.2)

and NA is Avogadro's constant, m and e are weight and charge of the electron, Z,
A and ρ are proton, nucleon numbers and density of the material, z is charge of the
passing particle, β is velocity of the passing particle expressed in speed of light units
(v/c), γ2 = 1/(1−β2), δ/2 is parameter describing the screening e�ect at the transverse
electric �eld of the incident particle by the charge density of the atomic electrons in
material. For energetic particles δ can be approximated by:

δ = 2lnγ + ζ (4.3)

where ζ is material dependent constant. Tmax is the maximum energy which can be
given to electron during interaction:

Tmax =
2mc2β2γ2

1 + 2γ
M

+
(
m
M

)2 (4.4)

and I is the e�ective ionization potential.
The Bethe-Bloch formula describes the mean value of the ionization energy loss.

Distribution of this ionization energy loss is further described by Landau distribu-
tion. At very high velocities saturation of the energy-loss is present. This occurs due
to polarization e�ects in materials. When external electric �eld is applied, created
free electrons are accelerated towards anode. Depending on the electric �eld one can
describe the drift velocity:

ud =
eE

mvm P
= µ

E

P
(4.5)

where e is charge of the electron, E is intensity of the electric �eld, P is the pressure
of the gas,m is the mass of the electron, v is the mean electron-atom collision frequency
and µ is the mobility of the electron.

An e�ect taking place during drift is a di�usion of the created electrons and ions.
It is described as dispersion or rather increase in the volume of the cloud of created
electrons during their drift towards anode. When electrons where in time t = 0 in one
axis (x = 0), after time t they will be dispersed according to Gaussian distribution:

dN

dt
=

N0√
4πDt

e−
x2

4Dt (4.6)

where N0 is total amount of electrons and D is di�usion coe�cient which can be
expressed as:

D =
2

3
√

2

1

ρσ0

√
(kT )3

me

(4.7)

where T is temperature given in degrees of Kelvin, k is Boltzman constant, p is
pressure and σ is cross-section of the interaction of the electron with gas molecule.
Di�usion coe�cient can be expressed by the Nernst-Towsend formula using mobility
of electron:

D = µ
kT

e
(4.8)
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4.2 TPC with Gas Electron Multiplier (GEM TPC)

A Time Projection Chamber is a kind of the drift chambers and comprises two di�erent
parts - �rst is a drift space and second is a ampli�cation area. Active part is a �lled
cage �lled with a working gas (commonly used is mixture of argon with other gas such
as methane or CO2). The �eld cage is surrounded by �eld electrodes - mylar strips
covered by copper. Their role is to create a homogeneous electric �eld inside the �eld
cage. For a proper drift of the electrons and homogeneity of the internal electric �eld
a linear gradient is required. This can be achieved by a resistive divider connected to
electrodes. The ampli�cation of the signal is realized by stack of GEM foils.

The Gas Electron Multiplier (GEM) is kapton foil (about 50 µm thick) copper
coated (5 µm) on both sides. The structure is perforated with holes with typical
diameter of about 70 µm and pitch of 140 µm arranged in hexagonal patter. Etching
process results into double conical shape of the holes with internal diameter of about
50 µm [21]. When external voltage is applied (∼100 V) the holes work as electron
multiplicands. High electric �eld strength of some 10 kV/cm) inside the hole ensures
that electron avalanche is created. The achievable ampli�cation in one foil is up to
103. Sometimes such ampli�cation is not enough so stack of two or three GEM foils is
used (doublets or triplets) when ampli�cation up to 104- 105 is achieved [22].

When the GEM stack is put between anode and cathode of the detector position
sensitive detector can be created. In TPC the GEM stack is put below the drift area.
Signals are read-out by strips further connected to the read-out electronics. Generation
of the signal is due to movement of the electron avalanche from the bottom of the last
GEM foil towards the anode strips where they are collected.

Figure 4.1: Cross section of the GEM foil (left) [22]. Ed is drift electric �eld, ∆V is
voltage di�erence applied on GEM foil, Ei is induction electric �eld which ensures that
signal is collected by the anodes [23], photo of the GEM foil (middle) and sketch of
the GEM TPC (right).

The typical distance electrons have to travel is 3 mm. In a common gas mixture -
P10 (90% Ar, 10% CH4) and electric �eld where drift velocity is saturated (5 cm/µs)
the rise time of the signal is up to 60 ns. Each of the foils works as gating grid,
meaning, it reduces the back-�ow of the ions to the �eld cage. This is the result of the
shape of the electric �eld within holes of GEM, where ions are caught out at the upper
copper coat of the foil. In such case up to 99% of the ions can be removed from further
travel to the active area.

All the properties of GEM foils give rise to the new type of the TPC chamber called
GEM TPC which allows to have fast signals, reduces the dead time of the detector
by reducing the back-�ow of the ions and simpli�es the production and the mounting
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into the chamber. On the other side fast read-out electronics has to be used with
high dynamic range, since ampli�cation may lead to signals up to ∼100 fC (depending
on the applied voltage) especially when heavy ions pass through the active area of
the detector.

4.3 GEM TPC under the test

In May 2012 the available beam-time slot allowed in-beam test of the new ion tracking
GEM TPC for Super FRS. Tests were performed using 800 MeV/u 197Au79+ beam
in FRS at GSI Darmstadt. Two GEM TPC chambers with three di�erent read-out
schemes were used.

Each of the GEM TPC contained �eld cage creating the homogeneous electric �eld
inside drift area, triple GEM stack, read-out strips and read-out electronics. The �eld
cage was formed from high voltage cathode and Mylar strips coated on both sides.
The thickness of the strips was 30 µm, they were 3 mm wide and pitch was 5 mm.
Using a voltage divider internal electric �eld with strength of 400 V/cm was created.
Prototype �eld cage was 240 mm wide, 60 mm high and 70 mm long in ion track
direction. Size is comparable to the size of the �eld cage in FRS used TPC chambers.
A P10 gas mixture was used as the active material at 1 bar pressure.

For tests two chambers were built - namely HB1 and HB3. Each of the chambers
contained out of two 30 mm deep detector layers using one �eld cage (described above).
In chambers di�erent read-out schemes were used. GEM TPC named as P1 within HB1
chamber was based on chevron shaped read-out strips with 2.5 mm pitch connected to
a passive delay-line which ensures 15 ns delay between each of the pads [24]. Prototype
named as P2, placed in the same chamber, is based on the same strips now connected
to the n-XYTER based GEMEX readout [25]. In both cases chevron shape strips
ensure that passing ion - in FRS under small angles with respect to the z-axis de�ned
as beam direction - will deposit signal over three and more strips even with such a
strip pitch. From the signal distribution at strips a calculation of the center of gravity
is possible so position of the passing particle is measured considerably better than the
strip pitch itself.

In the HB3 chamber identical detector prototypes, named P3 and P4, were placed.
Their strip pitch was 0.5 mm, with strips 0.4 mm wide. As read-out the GEMEX
electronics was used. Here also a calculation of the center of gravity of the signal is
expected to be used. The y-coordinate is calculated from the electron drift time in the
drift volume knowing the trigger as t = 0 s.

4.4 Results of the beam-test measurements

Tests of the TPC chambers were performed using the 800 MeV/u 197Au79+ beam of
the FRS at GSI Darmstadt. Two GEM TPC chambers with three di�erent read-out
schemes were used. Detectors were placed at S2 focal plane of the FRS. As a trigger
for both chambers a common global trigger was used.

The HB1 and HB3 chambers under test were placed between two TPC chambers
TPC1 and TPC2 which are used for the beam pro�ling in S2 of FRS. Both chambers
were also used as references for the expected beam pro�le and beam energy as well as
references for further tracking and e�ciencies calculations.
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Figure 4.2: Sketch of the setup with distances and photo of the setup in S2.

Data was recorded in 50 runs (numbered from run 124 to run 173). Intensities of
the beams in runs were changing from 1 kHz up to 400 kHz. The beams were also
moved within the whole active areas of GEM TPCs (200 mm).

For a data processing phase-space cuts were applied and clusters were searched for
in these cuts. Strip width is used for channel number transformation to position given
in milimeters. It is assumed to be 2.5 mm for HB1 chevron shaped strips and 0.5 mm
for HB3 strips. Center of gravity is calculated:

xHB1 =

∑
clusterQi · 2.5xi + offset∑

clusterQi

xHB3 =

∑
clusterQi · 0.5xi + offset∑

clusterQi

(4.9)

where xi is the position of the center of the i-th strip included in the cluster, Qi

is the signal amplitude on the particular strip expressed in units of fC and is taken
as the weighting factor, o�set is a calibration o�set obtained after o�ine aligning of
the detectors. The ADC LSB value subtracted by baseline is recalculated to charge
according to the calibration equations for n-XYTER.

4.4.1 Position correlations and spatial resolutions

Position correlations for the HB1 and HB3 chambers read by the GEMEX read-out
electronics were estimated from the correlations of the measured (and with equations
for center of gravity calculated) points in P2 or P3 (P4) chamber with points extrapo-
lated to the particular chamber by the track identi�ed by positions measured in TPC1
and TPC2.

Spatial resolution is preliminary estimated as a distribution of residuals coming from
di�erence between measured in P2 (P3 or P4 respectively) and extrapolated position
by TPC1 and TPC2.

∆x = Px − TPCextr (4.10)

where Px is measured position by given detector, TPCextr is extrapolated position at
the position of the GEM TPC detector under test. Scan of the position resolutions was
done for positions all over the x-axis within the detectors under test. The phase-space
cuts were ful�lling next conditions: For x-coordinate in P2 detector:

x = x0 ± 2mm, xangle = 0± 3mrad, y = y0 ± 4mm (4.11)



24

For cuts in x-coordinate in P3 and P4 detectors the cut was just narrower in x-axis,
since strips are narrower with comparison to P2 detector:

x = x0 ± 1mm, xangle = 0± 3mrad, y = y0 ± 4mm (4.12)

An additional cut in y-coordinate is applied as a time cut when hits only in time
within the time window around the global trigger (time window ± 80 ns). Thus hits
with long arrival time after the trigger are not taken in account. When searching for
the cluster, condition for the strip was to have signal amplitude above 200 ADC since
some noise still might be in the data. Then the leading strip within the cluster was
searched for.

The values for the standard deviation of the distribution of the residuals has to be
further divided by the geometrical factor which takes in account spatial resolutions
of the TPC1 and TPC2 as well as distances between, TPC1, detector under test and
TPC2. The spatial resolutions (sigma) are assumed to be 0.2 mm (estimated according
to value measured in run 150) [26]:

σ2
intrinsic = σ2

residuals − σ2
tracking (4.13)

where σtracking is calculated according to the Monte Carlo simulation, where multiple
coulomb scattering in mylar windows, P10 gas and air between the chambers are taken
into account. The resulting value for σtracking is 130 µm.

The position resolutions within phase-space cuts, further adjusted by σtracking factor,
were calculated and plotted and are shown in Figure 4.3. As shown, in average the
position resolution for the P2 detector of about 0.2 mm was achieved. Similar results
for the detectors P3 and P4 were also achieved in several runs.

Figure 4.3: Position resolution as function of position within P2, P3 and P4 detectors
for selected runs.

Since the HB3 chamber is built out of two independent detectors P3 and P4 which
read front and back side of the chamber, correlation of both sides will show the intrinsic
resolution of the P3 and P4 chambers independently from the reference TPC chambers.
Then:

∆x = xP3 − xP4 (4.14)

To extract the spatial resolution of each of the chambers in HB3 chamber the reso-
lution obtained from the ∆x distribution has to be divided by the 1/

√
2 factor which

is applied in case of two identical chambers under test [24]:

σ2
intrinsic =

σ2
residuals√

2
(4.15)

From the obtained data shown in Figure 4.4 it is seen that su�cient position reso-
lution of about 100 µm was achieved.



25

Figure 4.4: Intrinsic spatial resolution in x-direction for HB3 chamber. In x-position
cut ± 1 mm applied.

Figure 4.5: Position resolutions for P1 chamber in y-axis as a function of y-direction
position within the chamber in selected runs.

4.4.2 Measurement of the y-coordinate resolution

Since the GEM TPC is a two dimensional detector also the y-axis resolution can be
extracted. With data obtained by P1 detector measured correlation in y-coordinate
with respect to the reference TPCs is as expected. In similar way as for x-coordinate
cut was applied also for the analysis of the spatial resolution in y-coordinate:

y = y0 ± 1mm (4.16)

The standard deviation of the residuals distribution was corrected for σtracking.
Resulting resolutions for selected runs are shown in Figure 4.5. Position resolution
in y-coordinate coming from the P1 with delay-line read out was obtained at level of
200 µm.

4.4.3 Detector e�ciencies

The e�ciencies of tested GEM TPC detectors were estimated by comparing amount of
hits seen by each of the chambers with amount of hits seen by both reference chambers



TPC1 and TPC2. In selected runs e�ciencies close to 100% were achieved as seen at
the e�ciencies plot (Figure 4.6).

Figure 4.6: E�ciency as a function of position cut for the P2 (left) and P3 (right)
chambers for selected runs.

For all tested GEM TPC detectors the e�ciencies close to 100% were achieved in
most positions. For several runs the e�ciencies were lower which may be attributed
to issues with GEMEX read-out electronics, such as not working channels or low gain.

5 Conclusions

The FAIR facility currently under construction at GSI Darmstadt, Germany, will com-
prise two large superconducting synchrotrons SIS100 and SIS300 which will provide
high energy proton and heavy-ion beams for new experiments exploring the new bor-
ders in physics. Among them the CBM experiment which will explore the QCD phase
diagram in high net-baryon densities and Super-FRS which will investigate the pro-
cesses leading to the production of the elements. Beam intensities up to 109 will be
provided, thus the common trigger latency is not su�cient and the self-triggered elec-
tronics has to be used to read-out detector systems of the experiments. The developed
self-triggered n-XYTER electronics was tested under di�erent conditions given by sili-
con sensor and gaseous detector. In both cases signi�cant progress was achieved. Both
detector systems were successfully tested in the laboratories and in beam conditions
with results ful�lling the requirements given by the speci�c experiment. The transcon-
ductance calibration was of the electronics was made. The results of this calibration
are also published in Nuclear Instruments and Methods A [3].

The heart of the Compressed Baryonic Matter experiment will comprise 8 silicon
tracking stations (the Silicon Tracking System). In the thesis the optimized geometry
of the tracking stations arranged in four duplets was simulated. Track reconstruction
e�ciencies of about 97% and 1.2% momentum resolution were obtained using UrQMD,
GEANT3 and CbmRoot frameworks which demonstrated that created geometry ful�ls
the requirements given by the physics program of the CBM experiment. For quality
assurance of the silicon sensors the main properties of the sensors were identi�ed to
simplify the decision process for the �nal design and the mass-production. Laboratory



tests were performed using laser setup and the radioactive source. During tests at
Cooler Synchrotron in Jülich with 2.4 GeV/c proton beams the �rst simple tracking
hence also the spatial resolution of the tested sensors were determined. The �rst
prototype modules were tested in the GSI laboratory. Here the noise performance was
studied so the threshold level was established for such system.

The n-XYTER based electronics (GEMEX) was used also for the tests of the �rst
GEM TPC foreseen to be used as a high precision ion tracking detector in the Super-
conducting Fragment Separator at FAIR at beam intensities up to 107 particles per
spill. Very �rst tests were performed using 800 MeV/u 197Au79+ beam in FRS in GSI
Darmstadt. The obtained spatial resolution in the x−coordinate was ∼ 200µm for all
three detectors under test (P2, P3 and P4). In case of P3 and P4, which were parts of
the same chamber, also intrinsic resolution of each of them could be determined. The
very good intrinsic spatial resolution in the x−coordinate ≤ 100µm was obtained. For
the y−coordinate resolution the P1 chamber with delay line read-out was used. The
spatial resolution has been determined at ∼ 200µm. The tracking e�ciency of more
than 99% was achieved for all detectors under test for selected runs.

The aims and results of thesis have been achieved and presented at conferences and
published.
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