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AHJpoHUK A. U fp. E13-2007-61
P 3p 60TK ¥ uccienoB HHUE OBICTPHIX JIETEKTOPOB
NEePEeXOIHOTO M3ITyYeHHU

Jns co3n HUS AETEKTOpP NEPEXOJHOro M3nydeHus s skcnepumeHt CBM, mi -
Hupyemoro H yckopureine FAIR, p 3p 60T Hbl HECKOJBKO IMPOTOTUIIOB OBICTPBIX
MHOTI'OIIPOBOJIOYHBIX MPOMOPLMOH JIBHBIX K Mep M AeTekTopoB H ocHoBe GEM. Jle-
TEKTOPBI UCIBIT Hbl H Iy4Ke BTOPUYHBIX MPOTOHOB ycKopurens GSI. DxcnepumeHt
HOK 3 JI, YTO HPOTOTHUIIBI MTOJTHOCTBIO YIOBJIETBOPSIOT TPEOOB HUAM, IPEbSBIIEMbIM
W19 UX WCIOJIb30B HUS B K YECTBE AETEKTOPOB MEPEXOAHOTO H3IydEHHUs I DKCIie-
puMenT CBM B ycrmoBusix OONBIINX 3 TPY30K.

P 6or Bemonnen B JI 60p TOpum BbhIcCOKMX dHepruii um. B.U.Bekcrnep u
A.M.b nuun OUSIN.
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Research and Development of Fast TRD Readout Chambers

Several fast multiwire proportional chambers and GEM based detectors were
constructed in the frame of R&D for Transition Radiation Detector for CBM experi-
ment planned at FAIR. The results of experiments with a beam of secondary protons
at GSI let us conclude that the multiwire proportional chamber—type detector meets
all requirement to the Transition Radiation Detector of CBM high rate environment
experiment.

The investigation has been performed at the Veksler and Baldin Laboratory of
High Energies, JINR.
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We present the results of R&D obtained for fast Transition Radiation De-
tector (TRD) prototypes for the Compressed Baryonic Matter (CBM) experiment
planned at FAIR. The TRD will provide electron identification and tracking of
all charged particles. Because of the high rate environment and high particles
multiplicities expected in the CBM experiment a fast readout detector has to be
used and carefully optimized.

Several multiwire proportional chambers (MWPC) and GEM based detectors
with a sensitive area of ~ 10 x 10 cm? were constructed at the JINR and tested
with the beam [1-3] to study a rate capability, position resolution and operational
stability. The measurements are performed at GSI with a beam of secondary
protons having 1-2 GeV/c momentum. The setup used for the beam test was
composed of two scintillator counters to define the beam and trigger as well as
two silicon strip detectors with 50 pm strip pitch in both directions. The triple
GEM detector with a drift gap of 3 mm, 3 mm induction gap and 2 mm pitch
of PCB readout plane was used during this test as a reference detector [1]. The
beam rate was chosen by varying the extraction time of the primary beam from
0.5 to 10 s. The beam spot size derived from the silicon strip detectors data was
23.5 mm in X direction and 14.5 mm in Y direction.

To choose for a good detector performance up to the rates of ~ 400 kHz/cm?,
the multiwire 6 mm thick proportional chamber was used which had anode wires
of 20 pm diameter and the wire pitch of 2 mm. For an efficient absorption of
Transition Radiation (TR), the counting gas was 85% Xe—15% COs. The chamber
readout board consisted of 2 rows of 5 x 20 mm? pads (8 pads in the row). The
pad induced signals were amplified with a 16-channel ASIC preamplifier/shaper
(designed in 0.35 um CMOS technology) [4] and sampled with a 25 MHz ADC
(8 bit, nonlinear). An example of an average pulse height sampled by ADC is
shown in Fig. 1 for MWPC (the left panel) and for the GEM based chamber (the
right panel).

An example of the instantaneous rate of particles traversing the chambers at
every triggered event is shown in Fig.2. Figure 3 illustrates the beam intensity
spectra. The pile-up events were taken into account and rejected during the data
analysis. The low intensity events corresponded to the first triggers in the spill
and to the triggers in-between spills.

To study the detector rate capability, the amplitude of the total charge induced
in the detector was determined by summing up all the pad signal amplitudes in the
MPWC and the strip signal amplitudes in the triple GEM detector. The amplitude
spectra for MWPC and GEM are presented in Fig.4. The line is the result of
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Fig. 1. Average signals sampled by ADC for MWPC (left panel) and triple GEM detector
(right panel). The line is the result of spline interpolation
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Fig. 2. Instantaneous rates for triggered Fig. 3. The beam intensity spectra

events for 3 beam spills

Landau fit. The most probable amplitude value defined by the fit was used then
in the rate dependence analysis as the average signal amplitude.

Figure 5 shows the rate dependence of the average signal amplitude for the
MWPC and triple GEM detector. It is seen that the MWPC with anode potential
of +1900 V (amplification factor is about 6-10%) shows practically no degradation
of the signal amplitudes up to the rate of ~360 kHz/cm?.

Taking into account the high spatial resolution (< 200 pm) [5] and the
operational stability of the multiwire proportional chamber type detector as well
as the results obtained on its rate capability in our research we believe that the
above detector meets all requirements to the Transition Radiation Detector of
CBM project.
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Fig. 4. Pulse height spectra for MWPC (left panel) and 3-stage GEM detector (right panel)
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Fig. 5. Rate dependence of the average signal amplitude for the MWPC (left panel) and
triple GEM detector (right panel)

Another double GEM detector was constructed and tested with 55Fe source at
JINR. It had one-dimensional readout board with the strips of 0.6 mm pitch and
10 cm long. The drift gap was 10 mm and induction gap — 2 mm. The detector
operated with gas mixture of 85%Ar + 15%CO;2. The amplification factor of the
detector was about 3 - 103, The signal was readout to DAQ from the strips via
the same 16-channels preamplifier/shaper [4]. The detector pulse shape can be
described in terms of induced current due to the moving charge cluster. The total
induced current should be constant. The strip closest to the centre of the cluster
will get the main fraction of the total current and the rest part of the total current
will spread out between the adjacent strips. The distribution of the number of
fired strips is shown in Fig. 6. It is seen that mostly 3 adjacent strips are fired.

During the test the detector was irradiated with the °°Fe gamma source
having 80 pum slit collimator. The coordinates of gamma conversion points into



the detector were determined by using the centre of gravity method for the fired
strips. The plot of gamma conversion point coordinates is shown in Fig.7.
Without taking the slit collimator size into account a Gaussian fit of the data let
us to conclude that the spatial resolution should not be worse than ~110 pm.
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Fig. 6. Distribution of strip numbers Fig. 7. Spatial resolution of double
fired in double GEM detector GEM detector
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