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Introduction

Scintillation based neutron detectors are prominent alternatives to SHe based gas detectors traditionally used for detecting cold and thermal neutrons in neutron scattering experiments
[1]. In the recent years, photomultiplier tubes (PMTs) have been used as a technology of choice for this kind of applications. Silicon photomultipliers (S1IPM) have the potential of
becoming the photodetection technology 1n these experiments. Recent investigations [2, 3, 4], motivated us to develop a detector prototype with an active area of 13x13 cm?, based on

digital S1PM (Philips Digital Photon Counting, PDPC) technology (Fig. 1). Our goal 1s to eventually reach a two %,/ o
dimensional spatial resolution of 1x1 mm?, and a neutron counting rate of above 20Mcps/m?2. The final detector is Elastically scattered Nasser il B
aimed to be used 1n the future at the TREFF instrument of the Heinz Maier-Leibnitz Zentrum (MLZ) in Garching, beam | Nﬁk |
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Fig. 1: Schematic representation of a scintillation based solid-state detector proposed to

Measurements be used in Small Angle Neutron Scattering (SANS) experiments [2].

The main concern for using SiPM technologies in neutron detection applications is their  gap between the scintillator and PDPC tile having glass or air as an option.
vulnerability to neutron radiation. The bulk damage and radiation induced defects caused
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measured data to the theoretically expected photon count for a neutron hit.

of 14.2 for upper limit estimation, Table 1: A comparison table based on the measured dark current performance

of the three SiPM technologies at a room temperature of 23°C expressed for - Analysis of simulation (Fig. 5) with the Lorentzians curve fit F(x, y) (refer to poster
the cold neutron doses expected after one and ten years, respectively, of by Mr Herzkamp)
constant operation at the KWS-1 instrument (MLZ) in Garching, Germany|[2]. '

considering a source aperture of 3xX5 cm?
and shorter collimation distances [2].
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- Affect the Photon detection efficiency (PDE) of the SiPM

SiPM Array Relative change (%) in PDE @ 420nm Received overall neutron doses

PDPC 3.8 1.85%10'%2 n/cm?
SensL. 4.9 1.9%x10!%2 n/cm?2

Hamamatsu 11.3 6x10!%2n/cm?2
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Table 2: A comparative analysis of decrease in PDE for SiPM technologies due to the cold neutrons (A =5 A) exposure [3]. '
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The proposed 4x4 PDPC detector prototype (see Fig. 3) comprises 4 modules (each
module combines four tiles and one tile consists of 64 pixels, each having 3200

microcells) . We conducted simulations (Fig. 4) for the design optimization of filling the
13cm

le N|
N 1

1 mm Li-glass scintillator

glass disperser (optional)

Fig. 5: Distribution of X and y coordinate
difference between photon hits and their
corresponding neutron hit using 0.5 mm disperser
glass for 60,000 neutron hits. A Lorentzian curve
fit for this simulation data is also shown in the
graph.
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@) (b) position (X, y), ¢. 1s the counts given by the pixels and p is the PDE of the PDPC pixel.
Fig. 3: (a) Depiction of a PDPC 3200-22-44 module and its pixel (b) top view of the detector design consisting of PDPC [2] D. Durini et al. “Evaluation of the dark signal performance of different SiPM-technologies under irradiation with cold neutrons” Nucl. Instr. and
modules (removable) and a in-house developed concentrator board for their interface with the computer. Meth. in Ph. Res. A 835, pp. 99-109, 2016
[3] S. Kumar et al., “Photodetection characterization of SiPM technologies for their application in scintillator based neutron detectors” conference
References proceedings (submitted), 19" International workshop on radiation imaging detectors, Krakow, July 2017.
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