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The matrices formed of silicon photomultipliers (SiPMs} aery promising photosensors for the
scintillation detectors. The use of SiPM matrices with appiate optical collector gives, in prin-
ciple, a possibility to do a snapshot of glowing track of ¢feat particle traversing a scintillator.
The prototype of such scintillation detector is under depeient now in INR RAS. The prelim-
inary results of characterization study of the matrix Aa§0035-64P-PCB (SensL company)
for the prototype of such detector are presented.
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1. Introduction

Silicon photomultipliers are considered today in the world as a relevant espkat for tradi-
tional vacuum photomultipliers and are widely used in high energy physécgrino physics and
cosmic ray physics [1]. The recent development of the technology dat® lhhe emergence of
matrices formed of SiPM. A charged particle traversing a scintillator indudesistion along
its track. At each point of the track the produced light is emitted isotropicalie Use of SiPM
matrices (with appropriate optical collector) gives, in principle, a possibililgd@ snapshot of
this glowing track [2]. This technique has the obvious advantages. Fitstlgnapshot of glowing
track of the particle gives a possibility to determine the direction of the partieleor&lly, there is
a possibility to measure the energy release along the track of particle. Thisgee is under de-
velopment now in INR RAS. The SiPM matrices ArrayC-60035-64P-P@&Buaed as multi-pixel
photodetectors in the prototype of such scintillation detector. The matrix 8r60035-64P-PCB
consists of 64 SiPMs (88) SiPMs, each of them has size ok6 mn? and consists of 18 980
micropixels [3].

Use of this techniques implies that different SiPMs see the different pfatie particle track.
Thereby for the correct track reconstruction the operation paranfetead individual SiPMs of
the matrix must be known. Study of extremely rare reactions and decagls teediminish the
background caused by the decay of natural radioactive elementgsajwesent in the facility.
For such applications radiopurity of the matrices (and preamplifiers platesf) pneviously be
measured.

2. The number of photoelectrons vs. amplitude of pulses

A conversion from the amplitude of SiPM pulse to the number of photoelectsonseded
for the track analysis. The number of photoelectrbigs was obtained by usual procedure using
amplitude distribution of the SiPMs pulses at fixed luminous flux from LED:

A_\ 2
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whereA is mean value of pulses amplitude at fixed luminous flux afW) is a standard deviation
of the amplitude distribution. The dependence of the number of photoelsatroamplitude of
pulses for one SiMP of the matrix is shown in Fig. 1.

3. The scatter of amplification factors

The scatter of amplification factors was estimated on scatter of the maxima pogitios o
amplitude spectra of all individual SiPMs of the matrix. The measurements afpétude spectra
of all SiPMs were carried out using the plate of plastic scintillator with sizesn®0x 500 mm
and thickness of 50 mm. The matrix was placed in the center of the scintillator plageplate
is much more than matrix, therefore the individual SiPMs are situated in the ideoticditions
from point of view of light collection. Normalized amplitude spectra for thré&\& of the matrix
are shown in Fig. 2. The distribution of the maxima position of the amplitude spEcibSIPMs
was obtained; the standard deviation of the distribution is 4.9%.
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Figure 1: The number of photoelectrons vs. amplitude of SiMPs pulses.
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Figure 2: Normalized amplitude spectra for three SiPMs of the matrix.
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4. Quantum efficiency vs. angle of incidence

The effective area of a silicon photomultiplier depends on the angle of imoédeof the light
beam according to the law cBs If quantum efficiency of the silicon photomultiplier depends on
the angle of incidence then one can expected that amplitude distribution offthis ulses will
not be scaled according to the same law. The experimental verification asgusption has been
performed. To create a parallel beam of uniform density the LED of dlme bas been removed
from the matrix on 275 mm. The LED emitter was operated in the regime of low flux lof. lig
In this regime only (1 - 1.5)% of the total number of pixels of the SIPMT were simatiasly
in operation. Measuring the amplitude of pulses of the SiPM in response tdeDeplilses was
conducted for different angles of incidence photons with the same setfinigs generator, i.e. at
constant radiated power. For each angle 10000 pulses were colldeteadsults are presented in
Fig. 3. The errors of measurements don't exceed 4.2%. One can $électlaanplitude of pulses
of the SiPM depends on angle according to the lawbcos
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Figure 3: Amplitude dependence of the pulse of the SiPM on the anglaaiiénce light beam. Points -
experimental data, line - dependerfg®) x cosb.

5. Radiopurity of the matrix and preamplifiers plate

The contamination of the matrix array and preamplifiers plate by gamma-actiepéschave
been measured with use low background spectrometers at Baksan béiservatory of INR
RAS [4]. NIKA and SNEG spectrometers were used for the measurengntRésults of these
measurements are shown in Table 1 in comparison with corresponding emeasis for copper,
lead and PMT ET 9302B Enterprises.

One can see that the contamination of the matrix by gamma-active impurities is atnepar
with that for low background PMT ET 9302B Enterprises.
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Isotope, Activity of isotope, Bg/piece (Bg/kg)
gamma-line energy Matrix Plate Copper Lead PMT
40K, 0.052+0.011 | 0.038+0.003 - - 0.264+0.01
1460.8 keV (2.04+0.4) (7.1+0.6) | (<£23-10°9) (<4.0-10°9) (1.71+0.09)
2087], 0.0254+0.003 | 0.022+0.001 - - (5.4+0.8)-10°°
2614.5 keV (1.0+£0.2) (41+£02) | (<1.1-10%) (<5.5-107%) (0.036+0.006)
214g;, 0.06440.004 | 0.046+0.001 - - 0.180+ 0.004)
609.3 keV (25+0.1) (86+0.2) | (<55-107%) | (0.0093+0.0021)| (1.21+0.03)
228, 0.083+0.007 | 0.076+0.002 - - 0.015+0.00
911.2 keV (3.3£0.3) (14240.4) | (£55-10% (£1.3-1079%) (0.14+0.01)

Table 1: Contamination of the matrix and the preamplifiers plate leygamma-active isotopes. For com-
parison, the same values for copper, lead and PMT ET Ensep8i302B are given.

6. Conclusion

Measurements of the operation parameters needed for the correctdcacistruction were
carried out for all individual SiPMs of the matrix. The spread of the amaplifn factors of SiPMs
has been measured; the standard deviation of the distribution is 4.9%. mbergion from the
amplitude of the pulses to the number of photoelectrons has been obtaimegudritum efficiency
of the silicon photomultipliers don’t depends on the angle of incidence of thebigam in range
of 0-70 degrees within the uncertainty of measurements.

Measurements of the proper gamma background of the matrix have bdermmest. The
contamination of the matrix by gamma-active impurities is low enough and compaviblthat
for low background PMT ET 9302B Enterprises.
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