Proceedings of the DAE Symp. on Nucl. Phys. 63 (2018)

Development of bakelite resistive plate chamber based muon
tomography system

C.Barai', M.Mondal?>?,* T.Dey??, Z.Ahammed?, and S.Chattopadhyay?
! Delhi Technological University ,Shahbad Daulatpur,
Main Bawana Road, Delhi-110042, INDIA
2Variable Energy Cyclotron Centre, 1/AF Bidhan Nagar, Kolkata-700064, INDIA and
3 Homi Bhabha National Institute, BARC Training School Complet,
Anushaktinagar, Mumbai, Maharashtra 400094, INDIA

1.Introduction

The resistive plate chambers (RPC) are par-
ticle detectors with single gas gap separated
by highly resistive electrodes. RPCs work on
operational principle based on ionization of
gas atoms inside the detector by through go-
ing charged particle. A mixture of suitable gas
is kept inside the detector and a high, uni-
form electric field is maintained.The electric
field is created by applying high electric volt-
age between two plates acting as electrodes
made from highly resistive materials (107-1012
Qcm). Bakelite and glass are well suited as re-
sistive plates. RPCs has been used extensively
in many experiments of high energy physics
like ALICE[1]. RPCs have excellent position
resolution,time resolution , high gain, and low
cost.RPCs can be used in muon tomography
system as they have very high effciency in de-
tection of muons.Multiple coulomb scattering
detection of cosmic muons using two layers of
detectors each consisting three RPCs is the
basic principle of this imaging technique. This
is an effort to develop bakelite RPC based
muon tomography system and we report the
fabrication steps of the detector and initial
test results in this document.

2. Development of RPCs

We have developed six bakelite RPCs with
dimensions 30cm x 30cm using the fabrication
method described in reference [2]
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FIG. 1: Six single gap bakelite RPC based muon
tomography system

3.Test results with cosmic ray
muons

The gas composition for the 6 detectors was
R134a : Iso-butane:SF6 :: 93.5 : 4.7:1.8 The
test result with cosmic muons is discussed in
the following sub-section.

A. I-V characteristics:-

Fig.2, Fig.3 and Fig.4 show the I-V charac-
teristics of the RPCs.The breakdown voltages
of RPCs are found to be in between 11.2kV
and 11.4kV.From the I-V curve the bulk resis-
tivity of the bakelite plates have been calcu-
lated and found to be in the order of 10'!.

B. Efficiency plot:-

The NIM logic pulse of RPC has been put
in coincidence with the combination of scin-
tillators signal using standard cosmic muon
test bench setup and it formed the coincidence
trigger. Ratio of coincidence trigger rates to
mas- ter trigger rates gives us the efficiency
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of RPC and the threshold has been kept at
around 2 mV. Fig.5,Fig.6 and Fig.7 shows the
variation of the efficiency with the applied
voltage. The efficiency plateau has been ob-
served in between 11.2kV and 11.4kV and it
is beyond 90%. NINO-ASIC based front end
electronics were used in signal processing from
the detectors.

IV characteristics of 30 com x 30 cm Bakelte RPC 1 IV characteristics of 30 cm x 30 cm Bakelite RPC 2
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FIG. 2: 1V characteristics of RPC-1 and RPC-2

IV characteristics of 30 cm x 30 cm Bakelite RPC 3 IV characteristics of 30 cm x 30 cm Bakelite RPC 4
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FIG. 3: 1V characteristics of RPC-3 and RPC-4
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FIG. 4: 1V characteristics of RPC-5 and RPC-6

3. Conclusion and outlook

Six bakelite RPCs have been sucessfully
tested and the efficiency of them lies between
90% to 93.5%.The RPC based muon tomog-
raphy system data is yet to be analyzed with
position of closest approach (POCA) based al-
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gorithm. A NINO-ASIC based data aquisiton
system is also to be established.

Etficiency plot of 30 cm x 30 cm Bakelite RPC 1
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FIG. 5: Efficiency plot of RPC-1 and RPC-2

Efficiency plot of 30 cm x 30 cm Bakelite RPC 3
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Efficiency plot of 30 cm x 30 cm Bakelite RPC 4
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FIG. 6: Efficiency plot of RPC-3 and RPC-4

Efficiency plot of 30 cm x 30 cm Bakelite RPC 5
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Efficiency plot of 30 cm x 30 cm Bakelite RPC 6
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FIG. 7: Efficiency plot of RPC-5 and RPC-6
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