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Taiga-Muon scintillation array: status and prospects

© M.A. Iliushin,2 I.I. Astapov,4 P.A. Bezyazeekov,2 E.A. Bonvech,1 A.N. Borodin,3 N.M. Budnev,2

A.V. Bulan,1 A. Vaidyanathan,5 N.V. Volkov,9 P.A. Volchugov,1 D.M. Voronin,6 A.R. Gafarov,2

A.Yu. Garmash,5,8 V.M. Grinyuk,3,10 E.O. Gress,2 O.A. Gress,2 T.I. Gress,2 A.A. Grinyuk,3

O.G. Grishin,2 A.N. Dyachok,2 D.P. Zhurov,2,13 A.V. Zagorodnikov,2 A.D. Ivanova,2,12 A.L. Ivanova,2,5

N.N. Kalmykov,1 V.V. Kindin,4 S.N. Kiryuhin,2 R.P. Kokoulin,4 N.I. Kolosov,2 K.G. Kompaniets,4

E.E. Korosteleva,1 V.A. Kozhin,1 E.A. Kravchenko,5,8 A.P. Kryukov,1 L.A. Kuzmichev,1 A. Chiavassa,11

A.A. Lagutin,9 M.V. Lavrova,3 Yu.E. Lemeshev,2 B.K. Lubsandorzhiev,6 N.B. Lubsandorzhiev,1

S.D. Malakhov,2 R.D. Monkhoev,2 R.R. Mirgazov,2 E.A. Okuneva,1 E.A. Osipova,1 A.L. Pakhorukov,2

A. Pan,3 A.D. Panov,1 L.V. Pankov,2 A.A. Petrukhin,4 D.A. Podgrudkov,1 E.G. Popova,1

E.B. Postnikov,1 V.V. Prosin,1 V.S. Ptuskin,7 A.A. Pushnin,2 A.Yu. Razumov,1 R.I. Raikin,9

G.I. Rubtsov,6 E.V. Rjabov,2 V.S. Samoliga,2 I. Satyshev,3 A.A. Silaev,1 A.A. Silaev(Jr.),1

A.Yu. Sidorenkov,6 A.V. Skurikhin,1 A.V. Sokolov,5,8 L.G. Sveshnikova,1 V.A. Tabolenko,2

A.B. Tanaev,2 M.Yu. Ternovoy,2 L.G. Tkachev,3,10 N.A. Ushakov,6 D.V. Chernov,1 I.I. Yashin 4

1Skobeltsyn Institute of Nuclear Physics, Moscow State University, 119991 Moscow, Russia
2Institute of Applied Physics, Irkutsk State University,

664003, Irkutsk, Russia
3Joint Institute for Nuclear Research,

141980 Dubna, Russia
4National Research Nuclear University

”
MEPhI“,

115409 Moscow, Russia
5Novosibirsk State University,

630090 Novosibirsk, Russia
6Institute for Nuclear Research, Russian Academy of Sciences,

117312 Moscow, Russia
7Pushkov Institute of Terrestrial Magnetism, Ionosphere, and Radiowave Propagation, Russian Academy of Sciences,

108840 Moscow, Troitsk, Russia
8Budker Institute of Nuclear Physics, Siberian Branch, Russian Academy of Sciences,

630090 Novosibirsk, Russia
9Altai State University,

656049 Barnaul, Russia
10Dubna State University, 141980 Dubna, Russia
11National Institute of Nuclear Physics, Turin, Italy
12Moscow Institute of Physics and Technology (National Research University),
141701 Dolgoprudny, Moscow Region, Russia
13Irkutsk National Research Technical University,

664074 Irkutsk, Russia
12Moscow Institute of Physics and Technology,

Moscow, Russia

e-mail: mikhail.ilushin@yandex.ru

Received May 15, 2023

Revised July 24, 2023

Accepted October, 30, 2023

The article describes of the TAIGA-Muon scintillation array as part of the TAIGA (Tunka Advanced Instrument

for cosmic ray physics and Gamma Astronomy) astrophysical complex, a method for reconstructing the parameters
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Introduction

Studies of primary cosmic radiation (PCR) with energies

of more than 100 TeV are carried out with the help of

ground-based facilities by the method of recording extensive

air showers (EAS). The hybrid astrophysical complex

TAIGA [1] is located in the Tunka Valley (Republic of

Buryatia, Russia) and is designed for detailed study of PCR

in the energy range 0.01−1000 PeV. The complex includes:

wide-angle Cherenkov facilities Tunka-133 and TAIGA-

HiSCORE (High Sensitivity COsmic Rays and gamma

Explorer), three atmospheric Cherenkov telescopes TAIGA-

IACT (Imaging Atmospheric Cherenkov Telescopes) and

scintillation facilities Tunka-Grande and TAIGA-Muon.
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Figure 1. Location of TAIGA-Muon and Tunka-Grande facilities.

The construction of the TAIGA-Muon facility [2] began

in 2019 and 3 stations have been deployed so far (Fig. 1). It
is planned that the first stage of construction will include 10

stations. For the period 2021−2022 test measurement ses-

sions were carried out and the first experimental data were

obtained, on the basis of which, together with the existing

Tunka-Grande array, the parameters of the EAS were re-

stored and the accuracy of their reconstruction was assessed.

1. Experimental setup

The purpose of the TAIGA-Muon facility, on the one

hand, is to increase the efficiency of the Tunka-Grande [3]
facility for the PCR study in the energy range 10−1000 PeV

by increasing the number of muon detectors, on the other

hand — lowering the energy threshold of the existing

scintillation facility to the energy ∼ 1 PeV. The location

and configuration of the TAIGA-Muon stations are based

on model calculations [4]. Each station of the TAIGA-

Muon facility includes 8 above-ground and 8 underground

scintillation counters [5] with an area of 0.96m2 each.

Underground counters are located under the soil layer at

a depth of 1.7m strictly under the above-ground without

direct access. In 2022, in order to increase the effective

detection area of the muon component of the EAS, a new

configuration was adopted, which provides for 4 surface

and 16 underground counters while maintaining the data

collection system [6]. It is planned that in 2023 the

configuration of the first three stations will also be upgraded.

2. Reconstruction of the main
parameters of the EAS

For the recorded events, the main parameters of EAS are

reconstructed, such as θ, ϕ — zenith and azimuthal angles

of arrival of the shower axis; x0, y0 — coordinates of the

shower axis in the installation plane; Ne, Nµ — the total

number of charged particles and muons in the shower; S —
the age of the shower; 200, ρ200 — the density of particles

at a distance of 200m from the shower axis.

In the first step, all triggered stations of the TAIGA-

Muon and Tunka-Grande arrays in the time window 5µs

are selected. Further, the direction of arrival of the shower

axis is calculated under the assumption of a flat front of

the EAS and its position in the plane of installations in

a zero approximation using the center of mass method.

The value of the parameter Ne is determined using the

lateral distribution function (LDF) of Nishimura-Kamata-

Greisen [7]:

f e(r) =
Ŵ(4.5− S)

2πr20Ŵ(S)Ŵ(4.5− 2S)

(

r
r0

)S−2 (

1 +
r
r0

)S−4.5

,

(1)
where the Moliere radius is r0 = 80m. The zero approxi-

mation for the total number of charged particles is calculated

with a fixed parameter S = 1.1:

Ne =

∑

i Ni
∑

i f e(r i )s i
, (2)

where Ni — is the total number of detected particles at the

ground ithe station with an effective area s i . In the second

step, using the obtained value Ne and at S = 1.1, the values

of x0, y0 are specified by the least squares method (LSM)
in accordance with the expression (1). In the third step,

Ne is recalculated and the LSM is repeated with the free

parameters Ne , S, x0, y0. The same method is used to

find Nµ from underground detectors. In LDF muons, the

Greisen function [7] is used:

f µ =
1.25

2π2Ŵ(1.25)

(

1

320

)1.25

r−0.75
(

1 +
r

320

)

−2.5

. (3)
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Figure 2. Spatial distribution of particles from Tunka-Grande

and TAIGA-Muon (lgNe = 7.04, lgNµ = 6.15, θ = 27.40◦,

ϕ = 3.3◦).

Technical Physics, 2023, Vol. 68, No. 12



International Conference of PhysicA.SPb 23−27October, 2023 1695

–10 –6 –2 0 4 10

N
u
m

b
er

 o
f 

ev
en

ts

0

40

80

100

120

140

q qH GM– , °

Entries
Mean
Std Dev

20

60

862–8 –4

a

c2/ndf
Constant
Mean
Sigma

1133
0.1029
2.065

98.66/40
100.9 ±4.7

0.07442 ±0.05022
1.59 ±0.05

–100 –60 –20 0 40 100

N
u
m

b
er

 o
f 

ev
en

ts

0

50

200

150

250

y yH GM– , m

Entries
Mean
Std Dev

100

806020–80 –40

b

c2/ndf
Constant
Mean
Sigma

1133
0.7496
25.41

7508/17
201 ±9.0

1.072 ±0.651
20.8 ±0.7

Figure 3. Comparison of the reconstructed zenith angle θ (a) and the coordinates y (b) of the EAS axis according to the TAIGA-

HiSCORE (H) and TAIGA-Muon arrays in conjunction with the Tunka-Grande (GM) facilities.

Fig. 2 shows an example of one reconstructed event

based on data from the TAIGA-Muon and Tunka-Grande

arrays, namely, the restored particle density in the surface

(charged particles) and underground (muons) parts of the

facilities from their distance to the EAS axis in the plane

perpendicular to the shower axis. From Fig. 2 it follows that

the experimental data agree quite well with the LDF used.

During the test runs from October, 2021 to April 2022,

the total operating time of the TAIGA-Muon and Tunka-

Grande arrays was ∼ 220 h. In order to assess the accuracy

of the reconstruction of the EAS parameters based on the

data of scintillation facilities, the analysis of joint events

was carried out with the TAIGA-HiSCORE array which

has a good angular resolution ∼ 0.1◦ and the accuracy of

restoring the position of the axis of the EAS ∼ 6m [8]. A

total of 1133 joint events were identified with the following

selection criteria: θ < 35◦, the position of the axis in a circle

with a radius of 350m from the center of the installation,

the recovered energy of the primary particle according to

the TAIGA-HiSCORE instrument is higher than 5 PeV, the

number of activated stations of TAIGA-Muon together with

Tunka-Grande is not less than four. The accuracy of angle

reconstruction θ, ϕ was ∼ 20, coordinates x0, y0 ∼ 25m

(Fig. 3).

Conclusion

The results of test measurements at the TAIGA-Muon

array for the period 2021−2022 are presented. The first

experimental data were obtained, on the basis of which the

parameters of EAS were restored. The accuracy of the

reconstruction of the angles θ, ϕ was ∼ 2◦, coordinates

x0, y0 ∼ 25m. The inclusion of the TAIGA-Muon array

in the TAIGA astrophysical complex will make it possible

to start a detailed study of PCR in the energy range

1−1000 PeV.
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