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Motivations

Detector

. Detector inside Mt. Echia
Portable muon telescopes are mainly

used to conduct experiments in

confined environments

e Limited space to install the experimental \ Y - Y ) :
Setup j \ W ~ detector

[ Logistical ChaIIenges in terms of power Saracino, G., et al. "Applications of muon absorption radiography to the ﬁeld of archaeology and
SUpp'y, Cabling, gas CyIinder, etc. civil engineering." Philosophical Transactions of the Royal Society A 377.2137 (2019): 20180057.

e In confined spaces gas detectors have an
additional challenge: the presence of gas
bottles poses hazard issues (anoxia,
explosion, etc.)

I:VIIMA detector installed inside

runup

e  Example applications: Archeological and ' B | [
mining explorations, underground P tdo+surge
geophysical surveys, civil infrastructure — .
integrity checks Tanaka, Hiroyuki KM. "Muography for a dense tide monitoring Bonechi, L., et al. "Multidisciplinary applications of

muon radiography using the MIMA detector."

twork." Scientific Reports 12.1 (2022): 6725.
network." Scientific Reports 12.1 (2022) JINST 15.05 (2020): C05030 2




Gas-Tight RPC

The concept of a gas-tight Resistive Plate Chamber (RPC) is relatively novel and
introduces several challenges:

e The absence of gas flow within the RPC can potentially result in variations in the
homogeneity of the gas mixture over time.

e This, in turn, can cause an increased discharge probability, reducing the detector
performance with time.

e Furthermore, the stationary/static state of gas mixture within the chamber may
contribute to acceleration in polymerization on the detector surface.

However, these detectors are economical, easily fabricated and transported, have
reasonable efficiency and spatial resolution.



RPC Prototypes

As part of the project, three glass-based RPC prototypes with slightly different characteristics are developed:

Detector A B C
Size 16 x 16 cm? 16x16 cm? 30%30 cm?
Box type Aluminum Standalone RPC housed | Closed with top and bottom PCBs
casket in acrylic casket
Readout strips 16-1D 16 x 16 - 2D 32x32-2D
Strip pitch 1cm 1cm 0.8cm
Gas mixture 95.2% Freon, 0.3% SF6, 4.5% isobutane
1 mm 2 mm 1 mm
Gas gap Single gap Single gap Double gap
Thickness of
electrodes 1.1 mm 3.0 mm 1.1 mm
Serigraphy
Resistive coating Method Using paint spray gun Using hand sprayer(~ 1.5 Ma/0)
(- 4 Ma) (-1 M)
DAQ NIM + CEAN integrated / custom made and ASIC + FPGA
Portability Ves Yes (Currently operating Yes (Currently operating

in gas flow mode)

in gas flow mode)

Round edge
spacers

Aluminum casket

3D printed frame

Gas gap with
fishline spacers




Experimental setup
(efficiency test for gRPC-A) fv— Ansiog e
T~ CED

Plastic Scintillator
Trigger signal from plastic scintillators

Signals are collected in parallel with e | L[
all 16 readout strips (Pre-trigger) Coincidence

DAQ consists of CMS’s RPC Front R |

End Board that has charge sensitive Plastic Scintillator DAQ
preamplifiers and discriminators

The digital discriminator pulse is
processed by FPGA for data collection
The data are collected from
pre-trigger as the scintillators signals

are delayed with respect to RPC

RPCs




Noise analysis
(grRPC-A1)

The RPC signal is delayed to
save pre-trigger data
The noise appears after RPC
signal
o Parasitic capacitance
o Cross-talk
o Reflection from strip
and cable ends due to
impedance mismatch
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Detector optimization (grPC-A)

Efficiency decreases with increasing
charge threshold values for lower
voltages.

The efficiency is lower for low
threshold at higher voltage due to
suppression of signal along with the
noise at higher voltage values.

The efficiency and occupancy for
two identical chamber follows same
trend after optimization.

The strip occupancy shows the
acceptance for efficiency
measurement setup.
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Muon flux distribution (grPC-A)

Detectors are placed
orthogonally to obtain a 2D
muon flux map

Setup is rotated 90°
counter-clockwise to check the
discrepancy in muon flux

The discrepancy is not due to
the detector but to the
distribution of matter above it,
as the low muon region shifts
from (6,6) to (10,6).
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Absorption muography

(gRPC-AT1)

The muon absorption setup
with two plastic scintillators on
top and RPC at the bottom

A lead block in the region
between the scintillators and
RPC

The flux difference and ratio
plots depicts the reduction in
muon flux due to absorption
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CAEN-QDC based data taking for charge
measurements (QRPC-C)

Ch1 Ch2

Impedance Impedance
adaEter adarter
RPC-C1 aligned with th PMT1 | coinci
g - alignea wi e CFD . > QDC
trigger scintillators PMIT 2
+ FLAT CABLE~110 Ohm +
SOURCE A2 5| vre2
CAEN 32 - g - |- )
channel QDC : l VME Crate Connection scheme of
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CAEN-QDC based data taking: results

Distribution of pulse charge acquired from

Distribution of pulse charge acquired
from the strips at 3 different voltages

in the avalanche region

Distribution of average cluster

the high voltage

Charge is calculated by applying
the conversion:
1 QDC count=0.098 pC

° As expected, pulse

charge increases as the
HV increases

Cuts applied for event selection: 1) QDC

count > channel threshold,

2)Cluster multiplicity <3, 3) Cluster size<4
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cluster
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A modular muon telescope with gRPC-B

A portable muon telescope is being developed using four RPC modules.
Each module houses a glass RPC of active area 16 x 16 cm? active area. The RPC is

sandwiched between two strip readout panels, placed orthogonally to each other to
record (x,y) information of muon hit.

SHY Top plat
connector op plate

Signal readout
panel (X)
Mylar film

RPC

Mylar film
Signal readout
panel (Y)

A modular muon telescope Chamber to house the RPC
with four modules

Schematic of an acrylic module housing an RPC and signal
readout panels
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Efficiency tests for the gRPC-B
,‘ i |3
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A schematic view of trigger system
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RPC placed in a Faraday cage

A muon trigger system developed
to study the performance of RPCs
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Air tightness studies to the acrylic chamber

Using DHT22 sensors the Relative
Humidity (RH) and Temperature (T) are
measured inside and outside the acrylic
chamber for a month.

Arduino UNO R3 board is used to
record the RH and T data from the
DHT22 sensors.

RH is consistent inside the chamber.

Temperature inside the chamber is
varied as outside the chamber.
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Future plans and challenges

Long term stability test for efficiency

Ageing of resistive coating with time

Gas stability with time and if required providing gas circulation system
Testing new prototypes having lower gas volume and better modular
design with reduced casket size

Muon telescope for tracking with two vertical and two horizontal
coordinates (improving DAQ to have 2D information from same RPC)
Optimize the telescope modules to function in the outdoor conditions,
like temperature, relative humidity and pressure.

Testing ecogas with gas-tight environment

Developing MAROC 3A based DAQ to increase the readout
granularity.
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Paint sprayed
on plate

Top: surface resistivity measurements over
time for two plates manufactured using the
spray-gun-based technique.

Middle: The ratios of the surface resistivity
measurement taken at two different
locations (center vs. average of the edges) of
both plates as a function of the measurement
date.

Bottom: data on temperature and humidity
recorded during the measurement period.
Fluctuations in surface resistivity
measurements can be attributed to variations
in these environmental parameters.
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Evolution with time of the following
observables of interest. Top: average surface
resistivity of eight selected glass plates. The
vertical bars represent the standard
deviations of the measurements at nine
different locations on the same plate. Middle:
ratio, for each of the same glass plates,
between the resistivity at the center and the
average resistivity of the other eight
locations. Bottom: temperature and humidity
as measured externally (i.e. data from the
local weather casting) and internally (i.e. datc
from an internal Arduino-based sensor)
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DAQ system used for gRPC - A
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