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Abstract: Main results and the current status of the Yakutsk array are briefed. The motives and aims of the modernization
program are elucidated. The focus is on the scientific goals of the array enhanced and the target fields of interest.
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1 Introduction

In 1959 D.D. Krasilnikov has formulated an idea of the gi-
ant EAS array in Yakutsk. The project was approved by
the Scientific Council of AS USSR 5.09.1964. In 1967
construction began of EAS-13 prototype array (13 stations
with scintillation detectors) [1]. The engineering stage was
completed to 1970; first showers were detected [2].
In 1971-1973 the first stage array was built up, consisting
of 43 stations with 2 scintillators, Cherenkov light detectors
and detectors of muons. The second stage of the array was
completed in 1991. The infill sub-array consisting of 18
stations, and the large area muon detector were added [3].
Additional experiments have been conducted to measure
neutrons initiated by EAS (1976-1987) and to detect radio
signal from showers (1.9 MHz:1972-1973, 32 MHz: 1986-
1989).
Here we present the present status of the array, examples of
the recent physical results, and the next-step tasks.

2 Recent results and the present status of the
Yakutsk array experiment

In this section we briefly overview a sample of the recent
results of the Yakutsk array concerning, mainly, the Galac-
tic (G) component of CRs.
A present day placement of the array detectors is schemati-
cally shown in Fig. 1. 60 stations are distributed within the
triangular hierarchical grid of the total area 8.2 km2. The
three main components of EAS are detected with scintilla-
tors, muon detectors and air Cherenkov light detectors [5].
The shower events are selected by the coincidence of sig-
nals from n ≥ 3 stations, which in turn have triggered by
the two scintillation detectors.

- Stations with 2
scintillators (49x2+10)
- Cherenkov light
detectors (32)
- Detectors of muons

S=20 м2 (5)
- Large area detector

of muons S=180 м2

- Pinhole detectors

Figure 1: Present day arrangement of the Yakutsk array detec-
tors. The array area is 8.2 km2.

The energy spectrum of CRs measured in Yakutsk in the
energy range (1014, 1018) eV is shown in Fig. 2 in com-
parison with some other relevant experiments. All the data
are in agreement with the ’knee’ feature in the spectrum
revealed by G.B. Khristiansen et al., [6].
The mean shower maximum depth in the atmosphere,
Xmax, is estimated using the connection between this pa-
rameter and the lateral distribution slope of Cherenkov light
intensity and the half-width of the signal at the ground level
(Fig. 3) [7].
The comparison with simulation results demonstrates the
tendency of light nuclei to predominate above about E =
1018 eV. At energies above 1019 eV our experimental errors
are too large to contend about heavy nuclei dominance, as
the PAO collaboration insists.
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Figure 2: The differential energy spectrum of CRs in the range
E ∈ (1014, 1018) eV. Systematic corrections to the intensity and
energy of CRs are applied to converge the spectra measured [4].

We have found the indication of GCR flux manifested as a
North-South Asymmetry in galactic latitude distribution of
CR arrival directions, RNSA = (nN − nS)/(nN + nS),
where nN and nS are CR numbers from northern and
southern hemispheres, around 1019 eV [8, 9]. The south-
ern excess observed in the outer Galactic hemisphere, lon-
gitude interval (800, 2600), is shown in Fig. 4 as a function
of energy, with the addition of AGASA data above 4×1019

eV.
Expected curves are calculated in the model where G pro-
tons or nuclei from the disk are mixed with the extragalac-
tic (EG) isotropic flux. We found no deviation of Galactic
Plane Enhancement parameter from the isotropic expecta-
tion, but we observe an indication of the southern excess
in the cosmic ray flux around 1019 eV at the significance
level ∼ 3σ. The observed North-South Asymmetry of CR
arrival directions in Galactic latitudes can be attributed to
the appreciable fraction of galactic nuclei in the primary
CR flux.

3 Next-step astrophysical goals

Our next task is to modernize the Yakutsk array in order
to have an instrument precise enough to measure the pe-
culiar features of the highest energy galactic CRs - their
sources, energy spectrum, and mass composition. Addi-
tionally, we intend to study the transition region between
G and EG components of CRs where some irregularities in
spectrum and composition may be revealed.
In this context we have a set of items to be addressed to:
i) Is the knee in energy spectrum due to the energy/mass
distribution of GCRs sources, or to the CR diffusion in G
magnetic fields?
ii) What is the actual maximum energy of supernova rem-
nant accelerators?
iii) Where is the transition region between G & EG compo-
nents of CRs?
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Figure 3: Depth of EAS maximum: measurements and models
at E ≥ 1017 eV. The Yakutsk array data are shown by the filled
circles; open circles are for CASA-MIA results; PAO data are il-
lustrated by squares, while blue triangles are for the preliminary
results of the Telescope Array experiment. Monte Carlo simula-
tions with QGSJet II are shown by solid lines, EPOS 1.6 results -
dashed lines, and SIBYLL 1.62 results - points.

iv) Which features of CRs should be measured in the im-
mediate future to constrain a variety of CR acceleration &
propagation models. And so on.
The key to this program is an accurate determination of the
mass composition of CRs (Fig. 5), which is a weak point
of existing EAS arrays. We plan to adapt the well-known
imaging Cherenkov telescope technique to measure the an-
gular and temporal structure of the signal connected to EAS
longitudinal profile, and hence to Xmax and the mass com-
position of CRs above E = 1015 eV [11]. The setup of
wide WOF Cherenkov telescope and Hamamamtsu R2486
PMT used as an image camera are shown in Fig. 6.
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Figure 4: North-South asymmetry, RNSA, measured in Yakut-
sk (points) and in Akeno (triangles). Model simulations are per-
formed for the mixture of EG component (isotropic, dotted line)
and G nuclei, A ∼ 10 (solid curve). Expected asymmetry for the
G protons is shown by the dashed curve.

Vol. 1, 202



32ND INTERNATIONAL COSMIC RAY CONFERENCE, BEIJING 2011

Figure 5: Estimation of lnA as a function of energy. The model
simulations are for the ankle scenario (solid curve), and for the
dip scenario (dashed line) [10].

4 Modernization of the Yakutsk array

The program of the array modernization pursues the main
goals:
i) improving CR arrival direction resolution;
ii) measuring the shower disk structure;
iii) improving operational reliability and scope for EAS
measurements;
iv) measuring longitudinal profile of the showers;
v) estimating the mass composition of CRs.
To accomplish these tasks we are going to make improve-
ments to the array detectors and data acquisition system:
LAN channel capacity increased to 1 Gbps; employ new
scintillation detectors; assemble new station controllers;
achieve the accuracy of detectors timing∼ 10 ns; construc-
t new differential detectors to measure the air Cherenkov
light angular and temporal structure; modernize muon de-
tectors; create a radio detection system of EAS in the fre-
quency range from ∼ 10 GHz to ∼ 10 MHz.
Particularly, soft component detector will consist of one
layer (1 m2 area, 1-3 cm thickness) plastic scintillator man-
ufactured in the Institute of High Energy Physics, Protvino.
New stations in a triangular grid with appropriate spacing
will consist of two detectors in metal housing.
The new data acquisition system will be characterized by
the time resolution ∼ 5 ns of the amplitude of scintillation
signal measured in detectors. All the data will be transmit-
ted to the central processor where the shower events have
to be triggered via the signal coincidences.
Optical fibers will be used to connect the array stations,
due to the channel capacity, and to avoid the licensing of
the wireless communication.
A snapshot of the longitudinal profile of the cascade in
Cherenkov light will be taken with the pinhole camera de-
tectors and wide FOV Cherenkov telescopes. The angular
and temporal structure of the signal will be used to locate
Xmax and to estimate the mass composition of CRs at en-
ergies above 1015 eV [11, 12].
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Figure 6: Wide FOV Cherenkov telescope setup and position-
sensitive PMT.

To verify the ability of air Cherenkov light differential de-
tectors to discriminate angular and temporal profiles of sig-
nals from showers initiated by primary nuclei and photons
at energies above 1015 eV, we modeled the process. We as-
sumed that the number of photons is given by the integral
of the EAS cascade curve multiplied by the function giving
the contribution of an electron to the Cherenkov light flux
at a given R and depth in the atmosphere [11]. As the cas-
cade curve, we used the gamma-distribution approximation
of the HiRes results [13]. In the energy range (1015, 1017)
eV beyond the reach of HiRes, we used neXus2 model sim-
ulation results for showers initiated by P, Fe [14]. For the
γ-initiated showers, the Greisen formula is used.
In Fig. 7 the angular and temporal distributions of
Cherenkov light in the detector at R = 800 m are shown.
The EAS primaries are P, Fe, and γ with E = 1015 eV. It
appears from the Figure that the angular resolution ∼ 10

and time resolution δt < 10 ns of the pinhole camer-
a/Cherenkov telescope are sufficient to distinguish the pri-
maries (E > 1015 eV), at least the γ-quanta from the nu-
clei, basing on the angular and temporal distributions of the
signal.
The result of modeling in the plane intersecting the mir-
ror optical axis is shown in Fig. 8. The light intensi-
ty emitted by the distant point sources with slant angles
−140 ≤ α ≤ 140 is shown as a function of the axis dis-
tance on the camera surface. The root-mean-square radius
of the light spot averaged over camera surface is 0.64 of
the pixel size. This demonstrates the ability of our proto-
type Cherenkov telescope to convert the angular distribu-
tion of light sources to the spatial distribution of signals on
the imaging camera surface with adequate accuracy.

5 Conclusions

i) The target energy range of the modernized Yakutsk array
is E ∈ (1015, 1019) eV.
ii) Longitudinal profile of the showers will be investigated
with pinhole camera detectors and wide FOV telescopes -
air Cherenkov light differential detectors.
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Figure 7: Angular and temporal profiles of the Cherenkov signal
simulated for the vertical EAS, E = 1015 eV, core distance 800
m. Primary particles are indicated.

iii) Energy spectrum and mass composition of GCRs will
be measured with the Yakutsk array detectors of EAS soft
and hard components, in supplement to the air Cherenkov
light detectors.
iv) Sources of GCRs will be searched for.
v) Acceleration and propagation theories of GCRs will be
verified.
vi) A transition region between G and EG components will
be elucidated.
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Figure 8: Modeling the lateral distribution of light from the dis-
tant point sources on the PMT cathode surface, as a function of
the slant angle, α.
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