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STUDY OF ANODE SELF-TRIGGER ABILITY OF ME1/1
CMS ENDCAP CATHODE STRIP CHAMBER
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The influence of the high background rates on the Cathode Strip Chamber (CSC) anode trigger
ability has been studied. The investigation has been made with P3 prototype of the CSC of ME1/1
Endcap muon station of the CMS experiment (CERN). The work has been done at the Gamma Irradiation
Facility (GIF, CERN). P3 has been installed at SPS X5c muon beam line in a background field of *37Cs
source. The CSC timing resolution and track registration efficiency as a function of gamma rate are
presented.

W3yd nock BnugHHe OONBLIIMX (DOHOBBIX 3 IPY30K H CBOWCTB ~ HONHOIO TpPHUITEP K TOHHO-
ctpunosoil Kk Mepsl (KCK). Hccnenos Hug nposopwmuch ¢ P3-npororunom KCK MiooHHOH cT HIuM
ME1/1 skcnepument CMS (LHEPH). P 6ot Opim mpoBeneH H ycT HOBKe I MM -m3inydeHus (GIF,
LEPH). Iporotun P3 6bu1 ycT HOBIIEH H MIOOHHOM ITydke K H J1 X5C M H XOIWICS B MOJIe W3Ty4EeHHS
ucrounnk 37Cs. Tlpeiact BiieHb pesyisT Thl MO W3ydeHHI0 BpemernHoro p 3pemenns KCK u aek-
TUBHOCTU PETUCTP LIUU TPEKOB MIOOHOB B 3 BHCUMOCTU OT UHTEHCUBHOCTH (POH I MM -H3JIy4eHHUS.
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INTRODUCTION

The Cathode Strip Chambers (CSCs) are the coordinate detectors of the Endcap muon
stations in the CMS experiment (CERN) [1]. These chambers provide both the muon track
coordinate measurements and bunch crossing (BX) identification. The CSC trigger uses the
six-layer redundancy of the CSCs to provide precise position information as well as high
rejection power against backgrounds.

Anode layers hits are used for track search. At a low coincidence level two layers of
six are used to establish timing, while at a higher coincidence level four layers are used to
establish the existence of muon track segment [1,2].

The study of a possibility of an unambiguous BX identification for LHC beam has been
made with P2 ME1/1 CSC prototype at CERN [3,4]. It has been shown that the majority
coincidence scheme option 3/6 (any three CSC layers of six coincide) provides the 25 ns
anode spectrum width and so could be used for BX identification. The full-scale prototype
of the ME1/1 CSC has been designed and assembled at JINR, Dubna [5,6]. The goal of
this work is to study BX and track registration efficiency at high background rates with this
prototype.
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1. P3 AND READOUT ELECTRONICS PARAMETERS

P3 is ME1/1 CSC full-scale prototype. It is a unit of six identical proportional chambers,
layers, with cathode strip readout (Fig. 1). Each layer is formed by two cathode electrodes
with gap of 5.6 mm having anode wires electrode in the middle. The anode wire diameter
is 30 pm, wire spacing is 2.5 mm. The gas mixture is Ar + CO3 + CF4 (30:50:20). The
operating anode-cathode high voltage is 2.9 kV.
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Fig. 1. P3 cross section

The prototype has been instrumented with anode readout electronics based on 4-channel
MSD-2 preamplifier (LABEN) [7] and MVL407 comparator. The main parameters of this
chip are presented in the table. The electronics reads out four anode wire groups in each of
the six layers. This corresponds to 430 cm? of CSC sensitive area.

MSD-2 specification

Chip parameters Cdet = 0 pF | C4et = 100 pF

Equivalent input noise, r.m.s., nA 15 50
Gain, mV/pA 35 25
Rise time, ns 3 8

Band width, MHz 35 20
Input resistance, €2 120 120
Crosstalk, % max 4 4

Power consumption per channel, mW 15 15
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2. EXPERIMENTAL LAYOUT

P3 has been installed at the Gamma Irradiation Facility (GIF) [8] at CERN SPS X5c¢ muon
beam line. It has been turned through 10° (see Fig.2) to correspond to ME1/1 CSC layout
at the CMS experiment. The '37Cs radioactive source (740 GBq) provides 662 keV gamma
background. A combination of filters is used to change the absorption factor from 1 (about
2-10% v/(cm? - s) on P3 surface) to 10%. Trigger counters S1-S3 separate the muon beam.

S3 S1
S.2 || Muon
! || beam

Fig. 2. Experiment layout (top view)

3. RESULTS

3.1. Without Background. Figure 3 shows the time spectrum of one CSC layer for
muons. The width of the spectrum (99% of events) is equal to 25 ns.
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Fig. 3. P3 typical single layer time spectrum in linear (a) and logarithmic (b) scales
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Fig. 4. The time spectra for 1st—6th anode signals

Figure 4 shows the time spectra for 1st—6th anode signals coming from any of the six
layers. The spectra have been obtained with the majority coincidence scheme. For the first
output signal (1/6) the spectrum width (99% of events) is 10.5 ns.

The same value for the 2nd signal is 12 ns;
for the 3rd signal, 14 ns; for the 4th signal,
16.5 ns; for the 5th signal, 22.5 ns; for the 6th
signal, 26.5 ns.

BX at the LHC will occur every 25 ns. For
CMS unambiguous BX identification the crite-
rion 2/6 (two out of six) is chosen. This means
that majority coincidence of anode signals from
any two of six CSC layers takes place. One can
see that at a level of 99% efficiency we can work
with majority coincidence 1/6-5/6 inside 25 ns
strobe.

For CMS particle track identification the
criterion 4/6 is chosen. Figure 5 shows the
CSC registration efficiency taken as 4/6 majority

Efficiency €, %

100

= N W b NI X O
S S S S S S35 S
© I I

10 15 20 25 30 35
Strobe, ns

Fig. 5. CSC registration efficiency vs. strobe
width for 4/6 majority scheme

coincidence (¢ = Ny/g /Ntrigger) Vs. the strobe width. This scheme provides the identification

of charged particles with 99% efficiency in the strobe of 25 ns.
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3.2. With the Background. The study of the background influence on muon track
registration efficiency and BX identification has been made with '37Cs radioactive source.
Figure 6 illustrates the influence of the background rate on the CSC timing resolution for
the majority coincidence options 1/6, 2/6, and 4/6. One can see a significant growth of
the time spectra width at the absorption factor smaller than 10 (background rate higher than
2-10° v/(cm? - 8)).
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Fig. 6. CSC timing resolution for different majority coincidence options as a function of the absorption
factor
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Fig. 7. The CSC efficiency vs. absorption factor for 25 and 50 ns strobe widths

The CSC efficiencies with the majority coincidence options 2/6 and 4/6 as a function of
the absorption factor are shown in Fig. 7. For 4/6 coincidence two curves are presented: with
the strobe width of 25 and 50 ns. One can see that all the curves reach a plateau at absorption
factor ~ 20 (10° ~/(cm? - s)).
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CONCLUSION

The possibilities of unambiguous BX and track registration efficiency have been studied
with the six-layer ME1/1 CSC prototype.

The results show that without background the unambiguous BX identification with MSD-2
anode readout electronics can be made by majority coincidence scheme 1/6-5/6 within 25 ns.
The CSC track registration efficiency (4/6 scheme) is about 99% within 25 ns strobe.

The influence of the high gamma background rate on BX and track registration efficiency
of P3 prototype has been studied with '37Cs radioactive source. For BX identification at
background rates smaller than 2 - 10° v/(cm? - s) no influence on CSC timing resolution is
seen while track registration efficiency (4/6 scheme) degrades at background rate higher than
10° v/(cm? - s).

Acknowledgements. We would like to thank H.Reithler, G.Bencze, L. Gorn and GIF
technical personnel for their kind attention and help.

REFERENCES

1. The Compact Muon Solenoid. Technical Proposal. CERN/LHCC 94-38, LHCC/P1. 1994. P.104—
128.

2. The Level-1 Trigger. Technical Design Report. CERN/LHCC 2000-038, CMS TDR 6.1. 2000.
P.341-380.

3. Chvyrov A. et al. Bunch Crossing Identification Study on MF1 Prototype Beam Test Data. CERN
CMS TN/95-161. 1995.

4. Golutvin 1. A. et al. Timing Resolution of Cathode Strip Chambers of the CMS ME1/1 Muon Station
and Bunch Crossing Identification // Part. Nucl., Lett. 2001. No.4[107]. P.54-61.

5. Ershov Yu. et al. Fabrication and Test of the Full-Scale P3 Prototype of the ME1/1 CSC. CERN
CMS IN 1997/003. 1997. 4 p.

6. Ershov Yu. et al. P3 — the Full-Scale Prototype of the ME1/1 CSC. JINR Commun. E13-99-296.
Dubna, 1999. 6 p.

7. Conte M., Zambra A. Hybrid Preamplifier for Solid State Detectors on High-Energy Experiments //
Proc. of the Intern. Conf. «The Search for Charm, Beauty, and Truth at High Energies», Erice,
1981. P.283-286.

8. Agosteo S. et al. A Facility of the Test of Large-Area Muon Chambers at High Rates // Nucl. Instr.
Meth. A. 2000. V.452. P.94-104.

Received on July 10, 2006.



