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The INO-ICAL collaboration has built a prototype detector called minilCAL at ICHEP, Madurai,
India. A Cosmic Muon Veto detector (CMVD) based on an extruded plastic scintillator (EPS) is
being built on top of the minilCAL detector to investigate the feasibility of constructing a large-
scale neutrino experiment at shallow depths. All the individual components of the veto walls, e.g,
SiPM and its readout, WLS fibre as well as the reconstruction of muon trajectory in the minilCAL
have been well established.

Using these developments, this work examines the performance of building such a large veto system
around the minilCAL detector using the GEANT4 toolkit by incorporating all the known detector
parameters in the simulation. The algorithm to study the performance of the CMVD detector is
optimized with and without magnetic field. The talk will describe the detailed performance of the
hardware components and the expected performance of the CMVD around the miniICAL.
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1. Introduction

The INO collaboration has developed the minilCAL detector at ICHEP, Madurai, as a prototype
for the larger Iron-Calorimeter (ICAL) detector. This prototype helps to address key challenges in the
construction and operation of the full-scale ICAL. To investigate the potential for large-scale neutrino
experiments at shallow depths, a Cosmic Muon Veto Detector (CMVD) is being constructed around
the minilCAL. The goal of this addition is to achieve a muon veto efficiency greater than 99.99%,
while maintaining a false-positive rate below 1073, ensuring effective background suppression and
reliable performance.

2. Cosmic Muon Veto Detector

The muon veto detector is modular in design, consisting of walls (top, left, right, and back)
made of scintillators, with each wall containing up to four layers of extruded plastic scintillator (EPS)
tiles. Each wall comprises up to four layers of EPS tiles, as depicted in Figure 1 for the top wall.
These layers are arranged in a staggered configu-
ration to minimize efficiency loss caused by dead e |
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spaces between strips. Each tile is formed by plac-
ing eight EPS strips side by side. The scintillation
light produced by incoming particles is collected
through Kuraray Y-11 wavelength shifting (WLS)
fibers embedded in the EPSs and read out on both
sides using 2 X 2 mm Hamamatsu Silicon Photo-
multiplier (SiPM) S13360-2050VE. The existing  Figure 1: Proposed CMVD around minilCAL
minilCAL geometry in GEANT4 is modified to in-

corporate the CMVD as shown in Figure 1.
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3. Simulation Framework

The Monte Carlo event generation was carried out using the COR-
SIKA framework for extensive air shower simulations. Meanwhile, the

passage of particles through the detector geometry was modeled using
the GEANT4 simulation toolkit. The charge response of the SiPM’s
is simulated based on the energy deposited as muons pass through
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the scintillator material, along with their positional information. This

model incorporates several factors, including light saturation in the | | TestSewpDaig
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plastic scintillator, attenuation of light within ~ 5 m long WLS fibers,

SiPM characteristics, and electronic noise [1]. Figure 2 illustrates a
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comparison between the observed and simulated charge responses of
one of the SiPMs in the test setup. Figure 2: Charge Spectrum
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4. Reconstruction and Extrapolation

The minilCAL simulation algorithm utilizes a two-step track reconstruction process: a track-
finding algorithm followed by a Kalman filter-based track-fitting algorithm. Once the muon track
is reconstructed, it is extrapolated toward each veto wall to assess detector performance. As the
muon passes through the veto system, multiple hits can occur due to the muon, secondary particles,
delta rays, or electronic noise. Nearby hits are grouped into clusters, which are then merged into
doublets across all four layers, not limited to neighboring ones, to address gaps and inefliciencies
in the detector. The expected muon position at the geometric center of the corresponding wall
is determined by fitting the individual cluster positions within the supercluster. The distance of
the closest approach (DCA) between the extrapolated track and a line formed parallel to the EPS
length that intersects the reconstructed supercluster position in the wall is estimated to evaluate the
veto performace [2]. The efficiency as a function of DCA is shown in Figure 3, with and without
magnetic field in the minilCAL for different number of layers in the reconstructed track. Figure 4
presents the efficiency variation with respect to SiPM threshold and the number of SiPMs used in
hit formation.
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Figure 3: Efficiency vs DCA, with and without Figure4: Efficiency vs SiPM threshold and Number
magnetic field of SiPMs used in the hit formation

S. Summary

Software has been developed utilizing inputs from experimental data to assess the performance
of the Cosmic Muon Veto Detector around minilCAL. The efficiency estimation is based on the
distance of closest approach (DCA) due to the large uncertainty in the longitudinal coordinate, which
arises from the large tail in the timing distribution of the SiPMs. Based on extrapolated muon tracks
from minilCAL, veto criteria are established to achieve an efficiency exceeding 99.99%. The
observed efficiency is 99.9929% + 0.0005 for DCA’s up to 30 cm in the presence of a magnetic
field. Additionally, the purity of the simulated sample, comprising approximately 8.5 million events,
is found to be 100%.
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