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Cosmic-Ray Test and Temperature Effects of MRPC
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Abstract A comic-ray test system has been built for testing the performance of MRPC modules. Some methods have been studied to

improve the time resolution of the cosmic-ray test based on this testing system. The time resolutions of about 84ps and 75ps can be

achieved for MRPC and its reference time, respectively. The temperature effects of MRPC have also been researched and some useful

results are obtained.
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1 Introduction

Multi-gap Resistive Plate Chamber ( MRPC)[liﬂ has
been chosen to be the detector for the proposed TOF projec-
tion of RICH-STAR experiment due to its excellent time reso-

lution and low cost'*%!

. Large area detector can be realized
by arraying many detector modules with a small size and this
is also an important advantage for MRPC to be used as STAR
TOF detector. More than twenty of MRPC modules from Chi-
na have been assembled to run as a TOF tray on STAR detec-
tor and some primary and important physics results have been
obtained based on the data from these detectors. According to
the size of each module, thousands of this kind of MRPC
modules should be produced for covering the whole STAR
TOF detector space. It will be important to design a method
to test all of these MRPC modules efficiently before assem-
bling in a short time

Cosmic-ray particles can be used as incident beam to
make a rough test for these modules conveniently even
through more precise measurement can be done by test beam
from accelerator . So in this article we will describe such a
cosmic-ray testing system that we have completed for this pur-

pose[ﬁ’ 7} and present some testing results.
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2 Experimental setup

(8] s used to select cos-

The cosmic-ray testing system
mic-ray events and also provides reference time for timing
measurement of each MRPC module. We built a cosmic-ray
telescope system as trigger to choose the effective cosmic-ray
event. The telescope system consists of three scintillation
counters with five photo multiplier tubes (PMTs) coupled to
three scintillators respectively as shown in Fig. 1. The types
of these five PMTs are R7621 ( Hamamatsu ), XP2020
(Philips ), XP2020 ( Philips ), R2083 ( Hamamatsu) and
R2083( Hamamatsu) for PMT1 to PMT5 respectively. All the
outputs from four (except PMT1) of these PMTs will be sent
to the Time-Digital Converter (TDC, CAEN V775) as the
start time of one cosmic-ray event. The coincident output of
PMT1 and PMTS5 will be used as the common STOP signal of
TDC after delay and the gate signal of ADC. So we can use
the average arriving time of these 4 PMTs as the reference
time to decrease the time jitter of signal from single PMT ,
and this method can improve the precision of reference time
for MRPC. The pre-amplifier of each signal channel of MRPC
gives two outputs: one is sent to the Analog-Digital Converter
(ADC, CAEN V265) for charge measurement and the other

one passes through a low threshold discriminator to TDC for
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time measurement. There are six channels for each MRPC mod-

ule. The data acquisition is realized by VME bus system[6’ 1,
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Fig.1. The schematic diagrams of the cosmic-ray

test system and the electronics system.

3 Data taking and processing

Due to the small event rate for the cosmic-ray test sys-
tem, it will take a long time to complete a good enough test-
ing for one MRPC module. We have tried two kinds of testing
methods for different goals.

(1) In order to do the rough measurement as fast as
possible, three MRPC modules have been measured at the
same time without Sem thick lead brick to cut off the low en-
ergy cosmic-ray particles. Three MRPC modules work inde-
pendently, i.e. data from anyone of the three MRPC can be
processed just as the other two do not exist. This could make
us to measure three or even more MRPC modules at the same
time and this is just limited by the electronics channels of
ADC and TDC. From this measurement, several such impor-
tant parameters as the dark current, the noise of each MRPC
channel and the efficiency of MRPC can be achieved and the
time resolution of each MRPC channel can be obtained.

The data process procedure has been described in sever-
al articles’®! . Four PMT time signals (i.e. PMT2 to PMTS)
will be used as the reference time. So the time information of
one signal from any MRPC channel can be corrected using the

following equation:

1
tmrpc= t—Z(tz+t3+t4+t5)y (1)

Where ¢ is the measured time of any MRPC channel and ¢,
ts is the measured times of PMT2---PMT5. ¢, is the time
difference between the MRPC and the reference time, the
time jitter was canceled by this way. The distribution of the
reference time and the MRPC time from one channel are
shown in Fig. 2 and Fig. 3. The resolutions of these two time

distributions are 102.0ps and 148 .5ps, respectively.
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Fig.2. Reference time resolution (2, + t5— t, — t5)/4
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Fig.3. Time resolution of one MRPC channel.

(2) The time resolution of MRPC is not satisfactory very
well for the STAR TOF requirement. This is not due to the
intrinsic property of MRPC, but due to the test system. So,
in order to improve the timing measurement of MRPC we tried
to add the cosmic-ray direction selection and energy selection
for choosing “good” cosmic-ray events. Several steps have
been taken. A piece of Scm-thick lead brick has been added
to the “telescope” test system to select higher energy cosmic-

ray particles (Fig. 1). Also, we can choose the correspond-



1182 wREYWHES %Y E (HEP & NP)

%28 %5

ing overlapping channels from these three MRPCs to make the
cosmic-ray direction cut by software. For example, we can
treat one event as a good one when this event has the effective
output from all of the 3rd channels of three MRPCs, and so
on. This will be cost little more time because of the lower ef-
ficiency of the whole detection system. Experimental data
have been taken for offline analysis.

This data analysis procedure means to do the direction
selection for cosmic-ray particles. Only the particles passing
through all the scintillators and the same channel of all the
MRPCs can be chosen as an effective event. After these se-
lections, the reference time distribution and the time distribu-
tion from the same channel of MRPC as part (1) mentioned
are shown in Fig. 4 and Fig. 5. The time resolutions are
74 .6ps and 112. 6ps respectively and the results are much

better than that without these selections.
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Fig.4. Reference time resolution of (&, + t; — t, — t5)/4

after selections.

Due to the error transformation, part of the sigma of
tmrpc( 112.6ps) comes from the reference time jitter whose
resolution is 74. 6ps. After subtracting this error, the time

resolution for MRPC module is about 84ps.

4 Temperature effect

When MRPC modules are assembled onto the STAR de-
tector, it will run in a complex environment. Because the
amplifiers near MRPC modules heat the work gas of MRPC, it
will be important to study the temperature effect of MRPC.

A big enough box was used as the gas chamber for

MRPC in order to prevent the temperature of the MRPC from

count
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Fig.5. Time resolution of one MRPC channel

after event selections.

being affected by continuous flowing of Freon and iso-butane
gas mixture. The heating system can be controlled precisely
to ensure the long-term temperature stability at a certain tem-
perature point. So, the temperatures of MRPC and the work
gas should be the same after a long time. Fig. 6 shows the
noise change of three MRPC neighboring channels with its
temperature . The result shows that the noises of MRPC chan-
nels increase almost exponently. It means that our MRPC
should work at a temperature-controllable environment and the
temperature should be less than 35°C . Table 1 shows the time
resolution of three MRPC channels at the temperature of
24°C, 32°C, 37°C respectively without the selection of di-

rection and energy of the cosmic ray.
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Fig.6. The relationship between noise and temperature

for three different channels.

Table 1. The time resolution of three MRPC channels for
different temperatures.
temperature 24C 32¢C 37°C
channel 1 (ps) 158.6 + 22.5 164.9 +10.8 155.7 +£8.7
channel 2 (ps) 147.4 + 8.4 163.8 + 8.6 190.7 = 10.6
channel 3 (ps) 142.6+ 8.4 158.8 + 7.3 192.6 = 8.4
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From the results, we can see that the time resolutions of
channel 2 and channel 3 become worse when temperature in-
creases, and at the same time channel 1 does seem not to
obey this conclusion. More researches are needed for this

topic to be understood further.

5 Conclusion

MRPC has been chosen as the TOF detector of RICH-
STAR experiment. Thousands of these detectors will be pro-
duced and tested before assembly. The cosmic-ray testing has
been approved better enough to check the rough quality of
MRPC modules. A cosmic-ray test system has been assem-

bled for this kind of MRPC testing. Three scintillators have

been made into one telescope system for the timing of incident
cosmic-ray particle and five PMTs for the decreasing of time
jitter of the trigger signals. The direction selection of incident
cosmic-ray particles is also possible in this testing system.
Different methods have been studied to improve the measure-
ment of time resolution that can be obtained by this testing
system. The results show that the time resolution for MRPC is
about 84ps when the reference time resolution is about 75ps.
This is better enough to make the cosmic-ray testing for the
quality control of MRPC modules. The environment tempera-
ture can affect the MRPC properties like noise and time reso-
lution, so the temperature control for MRPC is necessary.
Our experiment has given some hints for the temperature ef-

fect on the time resolution of MRPC modules.
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