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Abstract. In this study, we analysed the performance of a set of scintillation detectors (plastic scintillalors
coupled with silicon photomultipliers) in terms of time resolution, detection efficiency, timing differences and
charge response to cosmic muons. Several experimental setups were used, including stacked configurations,
diferent detector piles and a setup with a Na-22 radioactive source, to extract the timing and efficiency of
individual detectors. Time resolutions were obtained by fitting Gaussian functions to the distributions of time
differences between detector pairs and solving the resulting system of equations for each detector. Efficiencies
were measured using coincidence triggers. The results show that all detectors achieved efficiencies above 0.97,
with typical time resolutions on the order of a few nanoseconds that correlate to the sampling area and the SiPM

output of each detector.
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1 Introduction

A Silicon Photomultiplier (SiPM) is a semiconductor
based sensor engineered to detect and measure extremely
low levels of light, down to the single photon scale. It
serves as a solid-state alternative to traditional Photomul-
tiplier Tubes (PMTs), offering similar sensitivity alongside
advantages such as compact size, enhanced durability, and
reduced operating voltages [1]. Architecturally, a SiPM
comprises a matrix of microcells, where each microcell
consists of an avalanche photodiode (APD), operating in
Geiger mode, connected in series with a quenching resis-
tor; these microcells are then linked in parallel to form
the complete sensor [2].When a photon strikes one of the
SiPM’s microcells, it initiates an electron-hole pair that
triggers a breakdown, resulting in a current pulse due to
an electron avalanche. The combined output from all mi-
crocells produces an analog signal.

Muons (u~ and u*) are fundamental subatomic par-
ticles that resemble electrons (e”), but with a mass ap-
proximately 207 times greater. They are continuously
produced when high energy cosmic rays mainly protons
(p™) and atomic nuclei traveling near the speed of light
(¢ ~ 3 x 103 m/s) collide with atoms in the Earth’s atmo-
sphere. Although they have a short lifetime of about 2.2 us
(2.2 x 1079 5) before decaying into electrons, muons travel
at nearly the speed of light making them capable of being
detected on Earth’s surface (due to time dilation). Muons
can also penetrate deeply into matter which makes them
valuable probes in various particle detection and imaging
applications [3].

In this study, we utilize the detection of cosmic muons
as a means to characterize multiple arrangements of plas-
tic scintillators with the same SiPM model. The research is
carried out at LIP (Laboratdrio de Instrumentacao e Fisica
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Experimental de Particulas), where multiple SiPM models
are coupled to plastic scintillator detectors. Our objective
is to systematically evaluate the performance of each sen-
sor by subjecting them to a variety of experimental con-
ditions, focusing particularly on their responses to muon
events.

Through this characterization process, parameters
such as signal amplitude, timing resolution, and detection
efficiency will be assessed. The results will enable a com-
parative analysis of the operational strengths and weak-
nesses of each type of SiPM, providing detailed informa-
tion on their suitability for practical detection tasks involv-
ing minimum ionizing particles (MIPs) such as muons.

2 Experimental Setup

In Figure [T} the experimental setup used throughout the
project is shown. This setup provided the necessary tools
to obtain accurate and reliable results.

Figure 1. Overview of the full setup: 1. Computer monitor;
2. Router; 3. Power supply; 4. DAQ system; 5. Front End
Electronics ; 6. SiPM stack; 7. Oscilloscope; 8. Set of detectors
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