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Abstract.

The TAIGA gamma observatory is continuing its deployment at the Tunka valley, close to
lake Baikal. The new, original detectors, able to work under severe conditions of Siberia, were
developed to increase the TAIGA sensitivity for the study of gamma-quanta at energies about
1 PeV and above. The distinguishing feature of the detectors is the use of the wavelength
shifting light guides for scintillation light collection on a photodetector. Several designs of the
counters have been tested: equipped with PMT or SiPM photo-detectors, acrylic or polystyrene
based scintillators with thickness from 1 to 5 cm and detecting area from 0.75 to 1.0 m2. The
data on the amplitude of the signal from cosmic muons measured in different points within the
counter are presented. The first 48 counters were produced and deployed in 2019 at the TAIGA
experiment. They form 3 stations each with 8 surface detectors and 8 underground detectors
buried at the depth of 1.7 m. After two winters, all counters are working.

1. TAIGA-Muon scintillation array

The TAIGA-Muon scintillation detector array, which is a network of surface and underground
detectors for the detection of charged particles of EAS, began to be deployed at the TAIGA
experiment area, in addition to the existing Tunka-Grande scintillation array. It is assumed
that in the future the total area of the installation will be about 2000 m? and it will search for
cosmic gamma-rays in the energy range from 50 TeV together with the Cherenkov experiments
of the TAIGA gamma-ray Observatory[l]. By the autumn 2019, the first three TAIGA-Muon
clusters were installed. They consist of 8 surface and 8 underground scintillation detectors of
the base design respectively. Surface and underground detectors in clusters are located in pairs,
surface detectors are strictly above the underground ones buried at a depth of 1.7 m, along the
perimeter of the square with a side length of 5 m. In addition to the detectors, each cluster has a
thermally insulated container (electronic box), which contains electronics designed for collecting
and transmitting the experimental data. Since December 2019, the first TAIGA-Muon cluster
has started operation in a test mode.

2. Development of scintillation detectors
The use of scintillation counters for the detection of EAS secondary particles at the ground level
at TAIGA experiment imposes special conditions on their design:

e large area (about 1 m? or more),

e ability to work in a wide temperature range (-40° C to +40° C),

e sealed design (to withstand groundwater),

e reliability

e low cost.

To satisfy the above requirements it was suggested to use a design with the wavelength
shifting light quides (shifters) like in the ASHIPH aerogel counters of the KEDR detector [2].

This helped us to minimize the thickness of the scintillator to 1-2 cm and use PMT with a small
photocathode diameter, thus minimizing the total cost of the detector.

2.1. Base design

The base design of scintillation counters was developed by the Novosibirsk State University and
Budker Institute of Nuclear Physics (Fig. 1)[3]. There are two stages of the scintillation light
collection on the PMT. The part of the emitted scintillation light (A = 415 nm) is captured into
the angle of the total internal reflection and transported to the ends of the scintillation plates.
This light hits the shifters, where it is absorbed and reemitted (A = 500 nm). Again the part
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of this reemitted light is captured into the angle of the total internal reflection and transported
to the end of the shifters where it hits the PMT photo cathode. The far end of the shifter is
painted with special reflecting paint to double the light collection. The main features of the base
design are:

e polystyrene based scintillator (central plates - 1 cm thickness, external - 2 plates of 1 cm
thickness)

detection area 0.94 m?,

4 wavelength shifting light guides with 5x20 mm cross section and the length up to 860 mm,
FEU-85-4 with the photocathode diameter of 25 mm is used for the light detection,

stainless steel case.

N

Figure 1. The base design of the

2. Figure 2. The design of the counter
scintillation counter.

with 5 cm thick scintillation plates.

After assembly the counters were tested with single cosmic muons. Special small trigger
counters (100x100 mm) localize muons in different locations within the counter area. The mean
number of photoelectrons within the counter area and the RMS of amplitude variation were
calculated (Table 1).

Table 1. The mean number of photoelectrons from a single muon, RMS of the amplitude
variation and the detection area for the counters of different design.

Ameanpre RMS,% Sdet7m2

Base design 31 20 0.94
SiPM design 90 20 0.94
Design with 5 cm plate 130 14 0.75

2.2. Alternative designs
Two alternative designs of the scintillation detectors were successfully tested:

Special design was developed to utilize large scintillation plates (500x500x50 mm) based on
PMMA which are currently available for the TAIGA collaboration for detector construction
from earlier projects. 3 plates are used in one counter with the total detection area of 0.75 m?,
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the shifters and the PMT assembly were taken from the base design (Fig. 2). Tests with
single muons showed the mean amplitude of 130 photoelectrons and smaller amplitude variation
(Table 1, Design with 5 cm plate). The increase in amplitude comparing with the base design is
explained by better light collection of scintillation light on the shifters due to the larger thickness
of scintillatation plates, much better quality of their surface smoothness and smaller length of
shifters.

FEU-85-4 was replaced by 3x3 matrix of Hamamatsu S13360-6050VE (6x6 mm) SiPMs
(Fig. 3).These led to threefold increase in the amplitude up to 90 photoelectrons from a single
particle (Table 1, SiPM design).

Figure 3. FEU-85-4 with HV divider
and SiPM matrix.

3. Status and conclusion

In January 2021 counters of the first TAIGA-Muon cluster have been tested to check the stability
of parameters after two winter seasons of operation. The coincidence rates of 8 pairs of counters
(topfunderground) were measured. The variation of rates fits into + 5%. This number could
be explained by the difference in the detection areas of counters and the variation of thresholds
in electronics. The measured rates are presented in the Table 2.

Table 2. The coincidence rates in pairs of counters — top-+underground, s—'.

1-9(1) 2-9(2) 3-10(1) 4-10(2) 5-11(1) 6-11(2) 7-12(1) 8-12(2)
186 187 185 17.0 18.4 17.4 17.4 17.5

The tests carried out in the lab and under the real experimental conditions revealed the
efficiency of the proposed design based on the wavelength shifting light guides. The production
of the counters and the deployment of the new TAIGA-Muon stations will be continued.
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