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Ðàçðàáîòàí äâóõïëå÷åâîé òðåêîâûé ñöèíòèëëÿöèîííûé äåòåêòîð íà îñíîâå
ìàòðèö SiPM. Äåòåêòîð íåîáõîäèì äëÿ ïîëó÷åíèÿ òðåêîâ ÷àñòè â ìîíîëèòíûõ
ñöèíòèëëÿòîðàõ. Â õîäå èçìåðåíèé ïîëó÷åíû õîðîøî ðàñïîçíàâàåìûå òðåêè
îò êîñìè÷åñêèõ ìþîíîâ ñ èñïîëüçîâàíèåì ëèíçû Ôðåíåëÿ.

A two-arm track scintillation detector based on SiPM matrices has been devel-
oped. The detector is necessary to obtain part tracks in monolithic scintillators.
During the measurements, well-recognized tracks from cosmic muons were obtained
using a Fresnel lens.
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Introduction4

Presently the nature of dark matter is unknown. A particular di�culty in5

detection of dark matter is the extremely small cross-section of interaction with6

media. An actual problem is to assembled highly sensitive detectors to search for7

direct signals from dark matter particles. A liquid xenon detectors (LXe) are the8

most promising in this �eld. However, the spatial resolution of such detectors is9

not better a few cm.10

A LXe detector is being developed at the JINR Laboratory of High Energy Physics.11

The detector will be represents a cylindrical vessel with windows for readout scin-12

tillation light in the detector media. At the initial stage, it is planned to develop13

a single-phase liquid xenon detector with active volume of ∼ 0.5 liters. After that,14

it is supposed to perform a gradual scaling of the detector.15

A position-sensitive photodetectors is needed to accurately reconstruct the topol-16

ogy of events. This task can be performed using matrices based on silicon photo-17

multipliers (SiPMs) with possible segmentation up to 12 × 12 cells (according to18

information from manufacturers).19
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Con�guration of track scintillation detector20

A two-arm 128-channel track detector has been developed. The detector is21

based on two Onsemi SiPM matrix (8 × 8 cells) with active area 6 × 6mm2 [1].22

Arms oriented at 90 degrees relative to each other. A cubic plastic scintillator23

(polystyrene) with a detentions of 10×10×10cm3 (one liter volume) is temporarily24

used as the active part of the detector. The radiation from the particle track25

passing through the active part of the detector (plastic or liquid scintillator) will26

be focused and projected onto matrices through the optical system (set of lens)27

[2]. Information about triggered SiPMs from the matrix was supplied through a28

circuit board with integrated ampli�ers [3] to the data acquisition system based29

on ADC64s2 [4]. All elements of the detector are located in metal frame and light30

insulated from external in�uences and among themselves (�g. 1).31

Fig. 1. Two-arm track scintillation detector and scheme of readout

Calibration of the detector on laser source32

The calibration was performed using a blue 450 nm picosecond laser. The laser33

signal was applied individually to each SiPM channel via 1.2 mm optical �bers and34

special 64-channel matrix holder. The �bers were assembled into a bundle and35

connected to laser output. Thus, channel-by-channel calibration of both matrices36

was performed. This calibration system allows getting a direct correspondence of37

the SiPM with the channel in the ADC. Various �gures were built in the holder to38

demonstrate the correctness of the visualization algorithm (�g. 2, 3). As results39

of the individual channels calibration, we have full correspondence of the ADC40

channels and SiPMs.41
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Fig. 2. The number of triggers in

each SiPM cell on condition data

taking of 5000 events

Fig. 3. The mean amplitudes in

each SiPM cell on condition data

taking of 5000 events

Obtaining muon tracks by detector42

The next step was to obtain tracks in the case of direct contact of the matrix43

with the scintillator. Trigger counters with dimensions 10 × 10 × 8mm3 [5] were44

used to selection the area under study (vertical row, see �g. 4). However, the45

signals received in this case have an uncertainty of the place of passage of the46

particle (�g. 5). Some cells have weak amplitudes and are cut o� along with the47

threshold at analyses. The spatial resolution may be calculated as σ = n/2
√
3 ,48

where n � number of vertical triggered cells multiplied by the cell pitch (7.2 mm).49

Thus, the spatial resolution is 4.2 mm in the case of direct contact of the matrix50

with the scintillator.51

Fig. 4. The principle of a select

investigation area

Fig. 5. The signals from SiPM

matrices in direct contact with

scintillator

After this, measurements were carried out with a short-focus Fresnel lens with52

a focal length of F = 2 cm. The lens was installed at a distance of 10 cm (5F)53

from the scintillator. The SiPM matrix was installed from 3 cm (1.5F) from lens.54
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Trigger counters also selected the area under study. As a result, well-recognized55

tracks from cosmic muons have been obtained from both arms of the detector (�g.56

6). Tracks from cosmic muons are stacked in a vertical row with accuracy up to57

the SiPM cell size. However, the light loss was about 50% compared to the case of58

direct contact between the matrix and the lens. The spatial resolution was 2.1 mm.59

60

Fig. 6. Tracks from Fresnel lens obtained by both arms of detector

It is proposed to use SiPM with an active cell size of 3× 3 mm to improve the61

spatial resolution. Commercially available matrices manufactured by Onsemi with62

segmentation of 12 × 12 cells [6]. The noise e�ects will be reduced by means the63

size of the active cell. In this case, the spatial resolution may be about 1.2 mm64

(the cell pitch is 4.2 m). Segmented scintillation cells and wavelength shifting �bres65

light to transfer light to SiPMs also can be used to improve resolution instead of66

monolithic scintillators.67

Conclusion68

A two-arm track scintillation detector has been developed. Well-recognized69

tracks from cosmic muons with a short-focus Fresnel lens were obtained. The70

spatial resolution was 2.1 mm. The next stages of the work is supposed to tests the71

detector with CAEN electronics (DT5550W Readout System for SiPM matrices72

[6]) and new Onsemi 12 × 12 matrices [7] to improve spatial resolution, and tests73

with liquid scintillators as an active volume.74
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