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Operation of cathode readout electronics of the cathode strip chamber (CSC) for the first forward
muon station (ME1/1) of the Compact Muon Solenoid Detector in high rate radiation background envi-
ronment has been studied. The investigation has been performed with two cathode readout electronics,
i.e., 16-channel preamplifier-shaper based on two ASICs: GASPLEX (CERN) and KATOD-1 (Minsk).
The first one has been tested with 4-layer 0.5 x 0.5 m CSC in Dubna. One layer has been irradiated by
X-ray tube (Fy = 8 keV) while the others were used for cosmic muon track reconstruction. Electronics
based on Minsk ASIC has been tested with the P3 prototype of the ME1/1 CSC in pion beam at CERN
H2 experimental area. For the electronics a background contribution to registered events, as a function
of background rate is presented. Experimental results confirm that the prototype of the ME1/1 CSC,
instrumented with KATOD-1 readout electronics, meets CMS requirements on the rate capability.

H3ydeHo BiausHuEe (POHOBBIX 3 TPY30K H p OOTYy K TOOHON 3IEKTPOHUKH CUUTHIB HUS JIS K Mep C
CErMEHTUPOB HHBIM K TOJOM JUI4 IIEPBOI MIOOHHOH CT HLUM KOMIT KTHOTO MIOOHHOTrO coneHous . Mccne-
JIOB HHS MIPOBEIEHBI VIS IBYX THIIOB SMEKTPOHUKHM — 16-K H JIBHBIX MpeTyCHIUTENei-(hopMUpOB Temeit
H ocHose MukpocxeM GASPLEX (UEPH) u KATO/-1 (Munck). [TepBblii TUIT 27IeKTPOHUKHU UCCIEIOB H
B [lybne H 4-cioiiHoit K TogHOH K Mepe p 3mepoM 0,5 X 0,5 M. OnuH U3 cioes 061yd JIcd PeHTTEHOB-
cKkoil Tpybokoil (Ey = 8 koB), ocCT JbHBIE HCIIOJIB30B JIMCh W1 PEKOHCTPYKIMH TPEK KOCMHYECKUX
MIOOHOB. DJIEKTPOHHK H OCHOBE MHHCKOH MHKPOCXEMBI HCCIENOB H C mpoToTumnoM P3 k TogHOi
K Mepel ct Houd ME1/1 B nuonom nmyuke H K H jge H2 B LIEPH. lng oGoux THIOB 2JIeKTPOHHKH
HpeCT BIeH BKI A ()OH B PeriucTpupyeMble COOBITHS B 3 BIHCHMOCTH OT MHTEHCHBHOCTH (oH . DKcIe-
PUMEHT JIbHBIE PE3YJIbT Thl IOATBEPXKJ IOT, YTO IPOTOTUILI K MEphI C K TOJHOH 31eKTPOHHKONW H OCHOBE
mukpocxeMbl KATOJI-1 ymoeneTrBopsieT TpeOOB HUSIM DKCIIEPUMEHT II0 3 TPY30YHON CITOCOOHOCTH.

INTRODUCTION

Physics goal and target performance of the innermost first forward muon station, ME1/1,
of the Compact Muon Solenoid Detector [1, 2] are to provide a precise matching between
inner tracker and end-cap muon system. The ME1/1 station must have better spatial resolution
with respect to the other end-cap stations of 75 um per 6-layer chamber and timing resolution
of few nanoseconds for bunch-crossing identification. The cathode strip chambers (CSCs)
in the ME1/1 muon station will operate at the highest background rates in the CMS muon
system of the order of 100 kHz/strip [3-5]. The required performance of the ME1/1 station
can be only achieved with front-end electronics perfectly matched with the chamber design
parameters. That is why a rate capability of CSC cathode strip readout electronics is crucial
for future operation in realistic experimental environment.
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An increasing of background rates leads to a distortion of the shape of the readout
electronics signal and, as a result, to the degradation of CSC spatial resolution. This effect
depends on recovery time of the cathode strip readout electronics. An influence of recovery
time of the cathode readout electronics on a probability to detect a background event has been
estimated with the following equation:

R=1—¢tH, (1)

where: R is a probability of a background event with rate of H to take place in ¢ — the
time interval. Taking ty = ¢t as a mean «effective» recovery time of the cathode readout
electronics, the value of ¢ as a function of the background rate for different values of the
background event probability was calculated as shown in Fig. 1.
One can see that operation with probability
t,s to detect background events at the 10 % level at
N 100 kHz/strip background rate require an electronics
h «effective» recovery time of 1 ps.

The recovery time ¢y can be extracted from CSC
experimental data. A distribution of residuals — a
deviation of the coordinate measured in the testing
layer in respect to the reconstructed track in CSC, is
. described by fit of a sum of several gaussians [6].

N The first gaussian, G1, corresponds to muon, the
x| second one, (G2, describes the events far from the
~| centre of the distribution due to correlated radiation
admixture of knock-on electrons [7], and the third
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P B B W one, (3, describes a contribution of the uncorre-
1 10 ‘ 10 lated background. So, a value of background event
H, kHz/strip probability is equal to R = G3/(G1 + G2 + G3).

Note, that for the ME1/1 CSC case, a typical ratio
Fig. 1. Calculated recovery time of cath- of (31 and G2 sigma is oo ~ 100 and typical prob-
ode readout electronics ¢ as a function of abjlity to measure muon position with accuracy of
the counting rates H for different values of o1 is of ~ 0.9 [6]. In addition, measured values
background event probability R of spatial resolution oy and efficiency of CSC layer
in the presence of background can describe a rate
capability on a quantitative level.
This paper presents a study of the influence of background rate on the precision of muon
track reconstruction in CSC for two different readout electronics: the first one based on the
GASPLEX chip [8] and the second one — on Minsk ASIC KATOD-1 [9].

1. GASPLEX CATHODE READOUT ELECTRONICS

The GASPLEX is a low-noise analogue signal processor [8] designed at CERN for readout
of gaseous chambers. Main parameters of this chip are summarized in Table 1.

Rate capability of the cathode readout electronics based on GASPLEX has been tested
with X-ray CSC prototype [2, p.214] at Dubna cosmic-ray facility in 1996.
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Table 1. The GASPLEX specification

Parameters

Value

Equivalent input noise, r.m.s. | 580 e + 15 e/pF

Peaking time, ns

Overall system gain, mV/fC
Dynamic range, fC

Power per channel, mW

450
10
0-200
10

1.1. Experimental Layout. The layout of the
experiment is shown in Fig.2. The scintillation
counters S; and Sy separate the cosmic muons
passed through the 40 cm iron absorber. The X-
ray tube (XT) is a source of 8 keV gamma back-
ground. It irradiates the upper (testing) CSC
layer through a thin mylar window with a back-
ground rate up to 500 kHz/strip. The influence
of the X rays on the other layers is negligible.
Thin absorbers have been used to vary the back-
ground rate. The value of the counting rate [
(kHz/strip) has been measured directly from the
strips using GASPLEX analogue signal output
and discriminator. This measurement has been
made separately from the data taking. Parame-
ters of 0.5 x 0.5 m CSC are shown in Table 2.
Each 4 layers have been instrumented with 16-
channel readout electronics based on GASPLEX
chip.

X

7 Testing
layer

Cathode
readout

Fig. 2. Layout of the experiment

Table 2. Parameters of 0.5 x 0.5 m CSC

Number of layers
Anode-cathode gap, mm

Anode wire diameter, pm
Anode wire step, mm

Cathode strip length, m
Cathode strip readout pitch, mm
Anode-cathode geometry
Sensitive area, mm

Nominal high voltage, kV

Gas mixture

4
2.5
30
2.5
0.44
5.0
Orthogonal
320 x 440
2.7

Ar/CF4/CO2 (30:20:50)

1.2. Data Analysis and Results. The muon track has been reconstructed with 3-lower
CSC layers with 50 mm level of arm. Residuals of the track coordinates measured in the
testing layer with respect to the reconstructed ones for the background rates 0, 16, 38 and



48 Golutvin LA. et al.

90 kHz/strip are shown in Fig. 3,a,b,c,d. The fitting solid curves in Fig. 3,a are described in
Introduction.

The probability of a background signal to overlap with a signal of a cosmic muon grows
up with the background rate increase. In this case the CSC spatial resolution degrades. Fig. 4
shows the R = G3/(G1 + G2 + G3) vs. the counting rate H (kHz/strip). The errors of R
are statistical. The H errors represent the variation of the counting rate measured by different
strips. The fitting curve is given by formula (1), where the mean «effective» recovery time
for GASPLEX analogue signal is equal to {gp = 3.7 us.
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Fig. 3. Residuals in a testing layer without background (a) and at a background rate of 16, 38 and
90 kHz/strip (b, ¢, and d)

From Fig. 4 one can see that GASPLEX operate at 10% level of background events
probability only at background rate of 20 kHz/strip. Spatial resolution o of irradiated layer
as a function of uncorrelated rate is shown in Fig. 5.
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Efficiency of the irradiated layer (¢), i.e., a probability to measure track position with an
accuracy less than 304, as a function of gamma background is shown in Fig. 6.

Figures 5 and 6 show that the spatial resolution deterioration reached o; ~ 180 pm and
efficiency of € =~ 0.65 at the background rate of 100 kHz/strip.

The results of 0.5 x 0.5 m CSC test in gamma background have shown that GASPLEX
cathode readout electronics is not fast enough to operate at the background rates of about
100 kHz/strip as it has been expected. Nevertheless, these results gave the first insights into
the problem associated with high rate environment. This was important for optimization of a
new generation of cathode front-end ASICs designed in Minsk.

2. KATOD-1 READOUT ELECTRONICS

The KATOD-1 preamplifier—shaper [9] was designed to match specific requirements of
ME1/1 cathode strip chambers. Main parameters of this chip are summarized in Table 3.
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Table 3. The main parameters of Minsk preamplifier-shaper ASIC KATOD-1

Parameter Value
Number of channels 16
Equivalent input noise, r.m.s. | 240 e + le /pF
Peaking time, ns ~ 100
Overall system gain, mV/fC 5

Tail cancellation Tuning
Power per channel, mW 25

Minsk preamplifier—shaper ASIC has a peaking time about 100 ns, as shown in Fig.7,
what is significantly shorter than that for GASPLEX (450 ns).

Tek stop: Single Seq 1.00GS/s

L

LI i o e

...............................

“M500ns  Chl 40mV 25 Aug 1997

Fig. 7. Minsk preamplifier—shaper ASIC KATOD-1 response for 225 GeV muons. Scales: 200 mV/div

vs. 50 ns/div

The prototype of strip readout electronics based on KATOD-1 has been tested with P3 —
a full-scale prototype of ME1/1 CSC [10] in 1997. The test has been made in strong magnetic
field up to 3 T with high intensity pion beam at CERN H2 experimental area.
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-
B
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Fig. 8. Experimental layout (top view): S1-S3 —
trigger counters; BP1, BP2 — beam profilemeters

2.1. Experimental Layout. Figure 8 shows
a sketch of H2 experimental area. P3 is placed
into the H2 magnet and turned with 10° with
respect to the beam line in order to provide a
ratio of radial, Bg, and axial, Bz, components
of magnetic field of Br/Bz ~ 0.1.

P3 prototype represents a full-scale 10°
sector of the CMS end-cap muon station
ME1/1. It consists of 6 trapezoidal layers hav-
ing a radial strip structure. The strips cover
the angle of +£5.42°. To compensate the ef-
fect of the avalanche shift in the magnetic field
of 3 T the anode wires are positioned at the

incline angle of 22° with respect to the perpendicular to the chamber axis. P3 has been in-
strumented with cathode readout electronics based on Minsk preamplifier—shaper KATOD-1.
The main parameters of the prototype are given in Table 4.
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Table 4. The main parameters of P3 prototype

CSC Layers / CSC 6
Inner radius, m 0.995
Outer radius, m 2.700
Height, m 1.705
Inner width, m 0.340
Outer width, m 0.663
Area, m? 0.85
Sensitive area, m? 0.55
Strip channels 768
Anode channels 384
Layer Anode-Cathode distance, mm 2.8
Wire Spacing, mm 2.5
Cathode strips: Channels 64 + 64
R/O pitch width: top, mm 7.8
bottom, mm 3.15
Strip shape radial
Anode wires: Diameter, pm 30
Wires 625
Channels 64
Wires/group 7-12
Incline angle, degree | 22

2.2, Data Taking and Results. In this experiment a deterioration of CSC spatial resolution
versus pion intensity has been studied. The trigger counters S1-S3 have monitored the

beam intensity. Trigger option S1, S2, S3 separated

about 75 % of the beam. The trigger count and beam 0.5

profile have been taken for calculation of the strip

counting rate H. To study the background contribu- 041

tion to the registered events one P3 layer has been C‘g .

taken as testing while the five others — for pion track ‘g 03¢

reconstruction. The R ratio of the events with back- &

ground to the total number of the registered events ; 021

has been calculated as described in Introduction. The §

results are shown in Fig.9. & O1f c *
The fitting curve is a calculation by formula (1). ol

The «effective» recovery time for Minsk ASIC ana- .

0 100 200 300 400 500

1 ignal i im = 484 ns. On n
ogue signal is estimated as %g 84 ns. One ca . KHzlstrip

see that KATOD-1 can operate at 10 % level of back-
ground event probability at 100 kHz/strip background
rate. Spatial resolution o of tested layer as a function
of pion background rate is shown in Fig. 10.

Fig. 9. The ratio R as a function of the
counting rates H

Efficiency of the irradiated layer (), i.e., a probability to measure track position with
accuracy less than 304, as a function of gamma background is shown in Fig. 11.
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Figures 10 and 11 show that spatial resolution of single CSC layer instrumented with
KATOD-1 is about 07 ~ 73 pm at efficiency of € ~ 0.9 at background rate of 100 kHz/strip.

G, Hm g, %
105 100
100 F o b
96
95 F
90 92 Fe
85+ r
80 88 1
75
(] 84
70F, L
1 1 L L L L 80 L
65 0 100 200 300 400 500 0

H, kHz/strip

100 200 300 400 500
H, kHz/strip

Fig. 10. Spatial resolution of tested layer vs. pion background

Fig. 11. Efficiency of tested layer vs. pion background

CONCLUSION

The test of cathode readout electronics based on
GASPLEX chip with 0.5x0.5 m CSC in gamma back-
ground showed that this electronics is not fast enough
to operate at rates of about 100 kHz/strip. Neverthe-
less, these results were important for optimization of a
new generation of cathode front-end ASICs designed
in Minsk. The test of cathode readout electronics
based on Minsk ASIC KATOD-1 with the P3 ME1/1
CSC prototype in magnetic field showed that its oper-
ation capability at background exceeds 100 kHz/strip.
At this rate the 10 % of events measured by single
CSC layer relate to the background.

The KATOD-1 electronics provided a possibility
to analyse the efficiency of the track reconstruction
by ME1/1 station prototype versus H counting rate
as shown in Fig.12. The track is regarded as effi-
cient if strip clusters are found at least in 4 out of 6
CSC layers (criterion 4/6) with measured coordinates
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Fig. 12. Track reconstruction efficiency
as a function of the counting rates H

within the £30; pm corridor. Figure 12 shows that efficiency of track reconstruction is about

97.5 % at 100 kHz/strip.
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Experimental results confirm that prototype of the MEI1/1 CSC, instrumented with

KATOD-1 readout electronics, meets CMS requirements on the rate capability.
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