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Abstract—The physical motivations and performance of the TAIGA (Tunka Advanced Instrument for
cosmic ray physics and Gamma Astronomy) project are presented. The TAIGA observatory addresses
ground-based gamma-ray astronomy at energies from a few TeV to several PeV, as well as cosmic ray
physics from 100 TeV to several EeV and astroparticle physics. The pilot TAIGA-1 complex locates in the
Tunka valley, ∼ 50 km West from the southern tip of the lake Baikal. It includes integrated air Cherenkov
TAIGA-HiSCORE array with 120 wide-angle optical stations distributed over on area 1.1 square kilometer
about and three 4-m class Imaging Atmospheric Cherenkov Telescopes of the TAIGA-IACT array. The
latter array has a shape of triangle with side lengths of about 300, 400 and 500 m. The integral sensitivity of
the 1-km2 TAIGA-1 detector is about 2.5× 10−13 TeV cm−2 s−1 for detection of E ≥ 100 TeV gamma-
rays in 300 hours of source observations. The combination of the wide-angle Cherenkov array and IACTs
could offer a cost effective-way to build a large (up to 10 km2) array for very high energy gamma-ray
astronomy. The reconstruction of a given EAS energy, incoming direction, and the core position, based on
the TAIGA-HiSCORE data, allows one to increase the distance between the relatively expensive IACTs up
to 600–800 m. These, together with the surface and underground electron/Muon detectors, will be used
for selection of gamma-ray-induced EAS. Present status of the project, together with the current array
description, the first experimental results and plans for the future are reported.
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1. INTRODUCTION

The TAIGA Astrophysical complex (Tunka Ad-
vanced Instrument for cosmic ray physics and Gamma-
ray Astronomy) [1, 2] (Fig. 1) is intended to study
the charged cosmic rays and gamma radiation in the
energy range 1013−1018 eV by detecting extensive
air showers (EASs). The complex includes a unique
system of hybrid detectors: three Imaging Atmo-
spheric Cherenkov Telescopes (IACT) [3], two wide-
angle Cherenkov arrays—Tunka-133 and TAIGA-
HiSCORE (High Sensitivity COsmic Rays and
gamma Explorer) [4, 5] with an effective area of 3
and 1 km2 respectively, as well as two arrays for
detecting charged cosmic rays—Tunka-Grande [6]
and TAIGA-Muon [7].

The key idea is to combine two fundamentally
different methods for detecting EAS Cherenkov ra-
diation (imaging and non-imaging (timing)) into a
single complex. Namely, the IACT telescopes are
designed to register the Cherenkov image of EAS,
the Tunka-133 and TAIGA-HiSCORE arrays con-
sist of non-imaging wide-angle Cherenkov detectors.
The main advantage of joint operation of IACTs and
wide-angle Cherenkov arrays is possibility to sepa-
rate gamma-ray events from background of charged
cosmic rays according to the data of one or several
IACTs using information about the energy, core po-
sition and arrival direction of the EAS, reconstructed
from the data of wide-angle arrays.

The main tasks of the TAIGA observatory include
solving actual problems of gamma astronomy and
cosmic-ray physics:

—Study of the energy spectrum of gamma-quanta
from Galactic sources and search for new sources
of gamma-quanta. It is planned to reconstruct the
gamma-ray spectrum from galactic sources (Crab
Nebula, Dragonfly, J2227 + 610 (G106.3 + 2.7),
J2031 + 415 (Cygnus Cocoon), Tycho Brahe su-
pernova) important for understanding the origin of
cosmic rays.

—Monitor the flux of gamma rays from nearby
extragalactic sources. The study of the shape of
the gamma-quanta spectrum with energies above 8–
10 TeV from extragalactic sources will make it possi-
ble to obtain confines on the density of extragalactic
background radiation (EBL), to search for “axion-
like” particles.

—Search for TeV-range gamma-quanta from
gamma-ray bursts and gamma-quanta correlated
with high energy neutrinos.

—Search for space accelerators in which pro-
tons are accelerated to energies of 100–3000 TeV. To
search for such accelerators, the features of the spec-
trum of charged cosmic rays in the energy range 100–
3000 TeV will be studied. The proportion of protons

and helium among the nuclei of charged cosmic rays
will be measured.

—Study of the mass composition of cosmic rays in
the region of transition from galactic to extragalactic
rays.

The article is organized as follows. The second
section provides a brief description of the astrophys-
ical complex facilities. Section three presents the
latest results on the study of cosmic rays. The fourth
section is devoted to research on gamma astronomy.
The last section describes plans for the further devel-
opment of the astrophysical complex.

2. TAIGA ASTROPHYSICAL COMPLEX

Currently, the following arrays are operating as
part of the TAIGA complex: Tunka-133, Tunka-
Grande, TAIGA-HiSCORE, TAIGA-Muon, TAI-
GA-IACT. An overview of arrays is given in [8]. All
facilities of the complex are synchronized with each
other with an accuracy of 10 ns [5]. This section
briefly describes only two of these facilities used for
research in the field of gamma-ray astronomy—the
TAIGA-HiSCORE and TAIGA-IACT.

2.1. TAIGA-HiSCORE

The TAIGA-HiSCORE array [9, 10] is a network
of wide-angle optical stations for detection of EAS
Cherenkov radiation. At present, the array consists
of 120 stations located on an area of 1.1 km2, the
distance between stations is 106 m. The stations
are grouped into 4 clusters with independent data
collection centers. Each station is connected to the
cluster data collection center with a fiber optic cable
for data transmission and synchronization [5].

The optical station contains four photomultipliers
(PMTs) with a diameter of 20 cm (ET 9352 and
Hamamatsu R5912). The light-collecting area of
each PMT was increased by a factor of 4 using a
Winston cone with a diameter of 0.4 m and a viewing
angle of 30◦ (solid angle 0.6 sr). The effective energy
threshold of the facility, when four or more stations
are triggering, is ∼ 80 TeV for EAS from charged
particles of cosmic rays and ∼ 40 TeV for EAS from
gamma quanta. The angular resolution of the facility
changes from 0.4–0.5 degrees near facility to 0.1 de-
grees when more than 10 stations are triggered [11].
The large angular aperture of the facility and good
angular resolution made it possible to start searching
for astrophysical sources of nanosecond optical flares
[12].
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1050 m

1400 m
The TAIGA-HiSCORE wide-angle
Cherenkov station

The imaging atmospheric
Cherenkov telescope (IACT)

Fig. 1. Location of the TAIGA-HiSCORE Cherenkov stations (squares) and three IACTs (circles).

2.2. TAIGA-IACT

The TAIGA-IACT array currently includes 3
atmospheric Cherenkov telescopes (ACTs) with re-
construction of the angular distribution (image) of
Cherenkov light from EASs. ACTs are the main tools
for ground-based high-energy gamma-ray astron-
omy, which make it possible to separate gamma-
quanta events from charged particles of cosmic rays.

The distances between the first and second tele-
scopes are 300 m, between the second and third—
400 m, between the first and third—500 m. Each
ACT of the TAIGA-IACT has Davies–Cotton com-
posite mirrors with an area of 10 m2 and a focal length
of 4.75 m [3].

Recording cameras of 600 PMT with photocath-
ode diameter 2 cm each (XP1911) are installed at the
focus of mirrors. The diameter of cameras is about
110 cm. The viewing angle of camera is 9.6◦, the
angle of view of one pixel is 0.36◦, the point spread
function (PSF) of the telescope is ∼ 0.07◦. Recording
camera and data acquisition system is described in
detail in the article [13]. This viewing angle makes it
possible to detect EASs with an axis position of up to
500 m from the telescope. The energy threshold of the
telescope is 2–3 TeV, depending on the zenith angle
at which the gamma-ray source is visible.

At energies above 10 TeV it becomes possible
to use stereoscopic approach—EASs from gamma-
quanta are recorded by two or more telescopes [14].
At energies above 40 TeV, a new “hybrid” approach to
the detection of gamma-quanta becomes possible—
the detection of EASs both by telescopes and by the

TAIGA-HiSCORE facility. The main advantage of
the joint operation of the ACT and a network of wide-
angle Cherenkov stations is a more efficient sepa-
ration of events from gamma-quanta from the EAS
background from charged cosmic rays.

3. ENERGY SPECTRUM AND MASS
COMPOSITION OBTAINED BY THE TAIGA

OBSERVATORY

3.1. Energy Spectrum of Cosmic Rays at Energies
above 10 PeV

The study of the energy spectrum of cosmic rays at
energies above 10 PeV is important for understanding
the transition region from galactic to extragalactic
cosmic rays. At the TAIGA astrophysical complex
the spectrum in this energy range is studied using the
data from the Tunka-133 and Tunka-Grande arrays.
The spectrum obtained from the Tunka-133 data for
7 measurement seasons is given in [15]. One of the
main results that follows from the obtained spectrum
is the proof of a more complex dependence of the
intensity of cosmic rays on energy than previously
assumed. There are two statistically significant fea-
tures besides the “classical knee” at an energy of
3 PeV in the spectrum. Namely, at an energy of
20 PeV the power law index decreases by about 0.2
and at an energy of 300 PeV the power law index
again increases by about 0.3. According to repeated
reconstruction of the Tunka-133 experimental data
this year [16], the position of the second feature shifted
to an energy of 100 PeV (Fig. 2a) and coincided with
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Fig. 2. Energy spectrum obtained by the Tunka-133 (a) and Tunka-Grande (b) experiments.

the result obtained by the Tunka-Grande experiment
(Fig. 2b) [17].

A change in the power law index at an energy
of 15–25 PeV is observed in most large EAS ex-
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Fig. 3. Energy dependence of the mean logarithm of the
atomic number lnA. Comparison of the results of the
рunka-133, TAIGA-HiSCORE, Auger [21] and TALE
[22] experiments.

periments ([18–20]) and can be considered reliably
established. There is no astrophysical interpretation
of this change in the power law index of the energy
spectrum.

The steepening of the spectrum at an energy of
100 PeV can be interpreted as a “second knee” in the
energy spectrum associated with the transition from
galactic to extragalactic cosmic rays.

3.2. Mass Composition According to the Tunka-133
and TAIGA-HiSCORE Data

The dependence of the average mass composition
of energy cosmic rays in the Cherenkov facilities is re-
constructed from the energy dependence of the depth
of the EAS maximum—Xmax. Figure 3 shows the
energy dependence of the average value lnA (A—
atomic number). Dependence of the mean value of
lnA on energy is well extrapolated to the results of
Pierre Auger Observatory at an energy of 300 PeV
[21] and contradicts the results of the TALE exper-
iment, which is much more difficult to interpret the
data [22]. Our result also contradicts the results of
the KASCADE-Grande [23, 24]. According to the
results of KASCADE-Grande in the energy region of
100 PeV the flux of cosmic rays is dominated by iron
nuclei. The feature in the spectrum of cosmic rays at
this energy has a simple explanation as the limit of the
acceleration of cosmic rays in galactic sources. For
the light composition of cosmic rays, which follows
from our results, another astrophysical explanation
should be sought.
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Fig. 4. (a) Distribution by parameter θ2 (θ is the angle between the direction to the source and the arrival direction of this event);
(b) The gamma-ray spectrum from the Crab Nebula reconstructed from data of the first telescope of the TAIGA experiment in
comparison with the results of other observatories for 150 hours of observation. The last two points were obtained from hybrid
events (IACT01 + HiSCORE).

4. GAMMA-RAY ASTRONOMY
WITH THE TAIGA OBSERVATORY

The deployment of the TAIGA-HiSCORE (120
optical stations) and TAIGA-IACT (3 IACTs) facili-
ties was completed in 2020. During the deployment
of the experimental complex, the first results were
obtained on the separation of gamma quanta from the
Crab Nebula in mono mode (stand-alone mode) and
stereo mode (from two telescopes) [25].

The observations of the Crab Nebula were per-
formed in wobble mode [26] of pointing the telescope
with 1.2◦ offset from the source direction. Dur-
ing the observations, the telescope points to (RA ±
1.2◦sec(Dec), Dec) automatically switching between
directions every 20 minutes.

4.1. The Energy Spectrum of Gamma-Quanta from
the Crab Nebula According to the Data

of the First IACT

The gamma-ray source in the Crab Nebula was
observed by the first atmospheric Cherenkov tele-
scope for 150 hours during two seasons (2019–2020
and 2020–2021), 563 events from gamma quanta in
the energy range of 5–100 TeV were selected. The
significance level of such several events under the
background of charged cosmic rays is 12σ (Fig. 4a).
A technique for reconstructing the energy of gamma
quanta based on data from only one atmospheric tele-
scope has been developed. When reconstructing the
energy of particles, a procedure configured according
to Monte Carlo simulation was used, resulting in an
energy determination accuracy of about 30%, and
allowing to restore the energy spectrum of events
(Fig. 4b) [27]. The obtained spectrum of particles

coincides quite well with the world data in the range
from 5 to 100 TeV.

4.2. Hybrid Events During the Observation
of the Crab Nebula

The total statistics of the selected hybrid events for
two seasons of Crab Nebula observation is ∼ 150000
(IACT01 + HiSCORE) for a time of ∼ 150 hours.

The technique of such events’ reconstruction is
as follows. For each event, the Hillas parameters
are determined, calculated as two sets of parameters
“On” and “Off” for tracking the source and tracking
the background. The excess is found after the sup-
pression of the hadron background as the difference of
these two samples. The spectra of gamma-like show-
ers are plotted as the difference between the “On”
and “Off” spectra. When analyzing hybrid events,
parameters such as the distance to the shower axis
(Rtel), the angle between the restored EAS direction
and the direction to the source and the energy recov-
ered by the TAIGA-HiSCORE array are additionally
included.

Background suppression criteria in hybrid events
allow selecting events from very long distances—up
to 400 m. Therefore, in hybrid events, the effective
area turns out to be orders of magnitude larger than
with the operation of 1 telescope, the threshold energy
for gamma-quanta turns out to be very high—about
60–80 TeV due to the high energy threshold for reg-
istering TAIGA–HiSCORE stations. The analysis
used data from only a quarter of the array, with an area
of 0.25 km2. In 150 hours, 6 gamma-quanta with
an energy above 100 TeV were identified (Fig. 4b).
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Thus, according to the data of the entire TAIGA-
HiSCORE array and 3 telescopes, 20–30 events with
an energy above 100 TeV from the Crab Nebula can
be expected for 150 hours of observation.

5. CONCLUSIONS.
PLANS FOR THE FUTURE

The main scientific tasks of the complex in the field
of cosmic-ray physics and gamma-ray astronomy
were given in the introduction.

The immediate development of the TAIGA astro-
physical complex is associated with the creation of
two more atmospheric Cherenkov telescopes and a
significant increase in the area of muon detectors (the
TAIGA-Muon array).

One of the disadvantages of the hybrid approach
in the existing version of the astrophysical complex is
the significant difference between the angular aper-
ture of Cherenkov telescopes and the aperture of the
TAIGA-HiSCORE array, which leads to the possi-
bility of observing only one source at a given time.
To correct this situation, it is planned to create small
image Cherenkov telescopes (SIT) with an angular
aperture of 25–30 degrees and an energy threshold of
80–100 TeV. The joint operation of such telescopes
and the TAIGA-HiSCORE array will increase the
number of hybrid events by almost 10 times, for which
it is possible to separate gamma-quanta from the
background of cosmic rays events. Further devel-
opment of the astrophysical complex, most likely in
another place, is associated with the expansion of
the TAIGA-HiSCORE array to an area 10 times
larger and supplemented with small image Cherenkov
telescopes.
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