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Abstract: Modern status of the PAMIR-XXI Project of the PCR comprehensive studies at a high altitude is
discussed. The Project was launched last year within the Pamir-Chacaltaya International Scientific Research
Center established by the Governments of Russia and Tajikistan. Main goals and implemented techniques of the
complex experiment of multi-component investigations of EAS in a wide energy range 0.1 PeV - 1000 PeV of the
primary energies are presented. The experimental setup under construction is about 1 km 2 in area and combines
conventional EAS array technique with those of X-Ray emulsion chamber, hadron scintillation calorimeter,
Cherenkov detector array and Cherenkov atmospheric imaging telescopes (IACT). Results of detector response
are analyzed.
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1 Introduction
In the middle of the 20th century complex EAS detector
arrays came to life as the main instrument for the solution
of the problem of energy spectrum of primary cosmic rays
(PCR) and its mass composition (PES&MC). Such an ar-
ray includes different types of detectors to study various
components of EAS, namely: charged particle ground de-
tectors (for electron and muon components), underground
charged particle detectors (for high energy muons), shower
core calorimeters (for high energy hadrons), optical detec-
tors of different types (for optical Cherenkov emission and
fluorescent light), radio detectors, etc.

Originally, complex EAS detector arrays were aimed at
the study of astrophysical aspects of PCR characteristics as
well as at the research of high-energy hadron interactions.
Appearance of superhigh energy colliders (SPS, Tevatron,
RHIC, LHC) seemed to cancel the second aim of EAS de-
tector arrays and left them only the first one. Many EAS de-
tector arrays were constructed to study the PES&MC prob-
lem leaving out the hadron interaction problem. Now it is
clear that the very scheme of collider experiments prevents
them from studying some important features of super high
energy hadron interactions, namely, the characteristics of
the high-rapidity and leading particles are not covered by
the collider detectors. It turns out that the only way to study
the characteristics of the most energetic secondary parti-
cles in super high energy nuclear interactions is to carry
out a fixed target experiment with cosmic ray particles, i.e.,
to use a central calorimeter within EAS detector array to
examine the behavior of the forward cone hadrons.

The necessity of such investigations is strongly sup-
ported by unexpected discovery of a phenomenon of copla-
nar production of most energetic particles in the EAS core
found in high-mountain experiments at the Pamirs in eight-
ies of the past century.

As the problem of PCR composition at super high en-
ergies is far from being solved, the original set of aims

of EAS detector array is still actual now at a higher level
of understanding, detector technology and data processing
art, and our project is ready to meet the new requirements.
We plan to push substantially forward the solution of both
the classical problems set in the face of EAS detector ar-
rays (PES&MC and interaction model problems) on the ba-
sis of new approaches.

Another goal to be pursued by the new detector array is
the search for ultra high energy (E γ >∼ 30 TeV) gamma-ray
sources, both point-like and diffuse.

2 EAS detector array composition
We propose the construction of the PAMIR-XXI setup as
a new generation EAS array based on the two original
approaches:

• new EAS Cherenkov technology using a set of a few
optical telescopes with mirror area of ∼ 4 m2, field-
of-view diameter not less than 20◦ and pixel diame-
ter ∼ 0.8◦, which can distinguish between the show-
ers initiated by different primary nuclei, and a net-
work of fast wide-angle (40◦−50◦) optical detectors
with a cell size of 25 m which can determine the
EAS arrival direction with high precision (∼ 0.1◦),
shower core position and primary particle energy;

• new type of a central calorimeter combined with
an emulsion chamber which will study high energy
hadrons of the shower cores and will use scintilla-
tor layers data for matching of different type events,
namely, hadron shower cores and γ-ray−hadron
families observed with X-ray films.

Ground charged-particle detector array of PAMIR-XXI
will have a conventional design optimized for the high
altitude EAS detection.

Major components and parameters of the Pamir-XXI
setup are as follows.



• a deep (∼ 3.5λint) lead-carbon calorimeter with a to-
tal area of 192 m2 combined with the XREC and
burst detector made in the form of solid crosswise ly-
ing series of plastic scintillation counters with fiber
optic readout and placed in the center of the EAS ar-
ray (Fig. 1);

• two concentric air shower arrays around the
calorimeter: a dense one with 5 m step of 80× 80
m2 in area and with a high detection threshold, and
another more rare array with 85 m spacing of 1× 1
km2 in area and with a low detection threshold (the
peripheral part of the EAS array) (Fig. 2);

• a fast timing system (”chronotron”) consisting of
8 scintillation points to determine the EAS arrival
angles by front arrival delay at different points of the
air shower array;

• array of 157 Cherenkov detectors spaced throughout
the area of ∼ 1 km2 to determine the shape and the
amplitude of the EAS CL lateral distribution dQ/dR
as well as characteristics of the EAS CL pulse shape,
i.e., time distribution dQ/dT and d 2Q/dRdT ; a step
in the central part of the array is 25 m while on the
periphery it is 85 m (a fast CD will be either similar
to EMI 9350 photomultipliers with a hemispherical
photocathode of 20 cm in diameter or will be consist
of a 19 PMT matrix placed in the focal plane of a
mirror of 1.2 m in diameter);

• four wide-angle (with field of view at least 30◦
and pixel size of PMT mosaic 0.6◦ − 0.8◦) Image
Cerenkov Telescopes (IACT) to determine the CL
spatial-angular distribution d3Q/dRdθxdθy for indi-
vidual EAS;

• lidar for monitoring the quality of a night atmo-
sphere.

In 2012 some extensive work was carried out in the
framework of PAMIR-XXI design and construction:

• stretched plastic scintillator panels were designed
and produced, which form the fast sensitive layers
of the central calorimeter;

• a mountain site was searched for and found at
the Eastern Pamirs at an altitude of 4250 m a.s.l.
which is very suitable to an EAS detector array with
Cherenkov detectors (Fig. 3);

• ECSim software package [1] for multilayer detector
simulation was upgraded to include FANSY1.0 [2]
model of hadron interaction to describe emulsion
chamber data;

• extensive simulations of a central hybrid calorimeter
were carried out to compare the spatial resolutions of
the scintillator and emulsion layers which confirmed
the expected resolution of the scintillator panels of
about a few cm (Fig. 4) and a possibility to match
both the kinds of events (hadron cores and families)
with 95% effectiveness;

• transport infrastructure of the experimental site was
improved, dwelling houses were constructed, and
the construction of the central hangar has been
started.

Surface detector array (optical and charged-particle de-
tectors) is under intense study at the moment which in-
cludes simulations and physical design.

3 Strategy of the surface detector array use
To study the PCR energy spectrum and mass composition,
it is enough to measure the arrival direction, energy and
type of the primary particle using the EAS characteristics.
EAS CL can provide all these data. For the measurement
of the primary particle parameters, the spatial (lateral), an-
gular and temporal distributions of CL are used. All these
characteristics comprise information on shower develop-
ment including data on its main longitudinal characteristic,
i.e., the cascade curve features.

Last 30 years the solution of the problem of the PCR
mass composition has been invariably associated with the
simultaneous evaluation of primary energy E 0 and Xmax
because, according to the mean cascade curve behavior, for
the known E0 the position of maximum is mainly ruled by
the primary mass.

This logic seems to be natural but actually has serious
drawbacks:

1) a cascade curve and, consequently, its maximum posi-
tion as a rule are not directly observable (with an exception
of EAS cascade curve scanned by the fluorescent method
which has a high energy threshold of about 10 17 eV);

2) individual EAS cascade curves of equal primary pa-
rameter values can differ heavily due to fluctuations of
shower development; often the positions of maxima for the
cascades from a certain primary mass are close to those
from a rather different primary mass.

Circumstance (1) means that Xmax plays the role of an
intermediate variable for the transition to the primary mass
A, which inevitably results in the loss of information on
A as A−Xmax – relation is not a determinate one. Circum-
stance (2) indicates an insufficient informativeness of Xmax
and urge us to look for more informative measures of A.

The contemporary status of the problem of the PCR
mass composition requires a serious reconsideration of its
properties. The following general observations are almost
obvious but seem appropriate to the situation:

• one should gather much more data on each event
than it is done now, i.e., a detector array must
be more complex, specialized and thoroughly cali-
brated;

• EAS parameters should be measured that are the
most sensitive to A;

• while processing the observed data one must derive
the primary mass using direct relations between the
observables and A avoiding the use of intermediate
variables (e.g. Xmax);

• methodical uncertainties must be carefully revised
and transparent for the cross-checks.

The two most promising EAS CL characteristics from
the viewpoint of the PCR mass composition study are
lateral distribution (LD) and spatial-angular distribution
(SAD). The former one is known as a measure of the EAS
longitudinal development for more than 30 years and is
now used by SPHERA-2 experiment [3]. The possibilities
of EAS CL spatial-angular distribution (SAD) turn out to



Figure 1: Central part of the EAS array.

Figure 2: Peripheral part of the EAS array.

be much richer. By SAD we mean here a set of angular
Cherenkov images of a shower seen by a few telescopes
situated at different core distances. SAD is a more differ-

ential characteristic of EAS CL than LD, that is why we
should expect it to contain more abundant information on
the primary particle [4].



Figure 3: Experimental site view.

Figure 4: Scintillator panel simulation. Optical photons
caused by a charged particle are traced the whole way from
the generation point to the photosensor.

As the duty cycle of the Cherenkov detectors amounts
to about 10% of the observation time, some new character-
istics of charged particles must be found which are really
sensitive to the PCR mass composition. One should use
simulations for this purpose as well as simultaneous EAS
detection by both Cherenkov and charged particle detec-
tors: Cherenkov primary mass indicators can help to find
charged particle primary mass indicators.

4 Potentialities of the new detector array
Potentialities of the new detector array are as follows:

• arrival direction uncertainty not worse than 0.1 deg;

• core location accuracy 1 m;

• primary energy uncertainty 15%;

• primary protons/nitrogen nuclei separation error
10% in survey mode;

• primary nitrogen nuclei/iron nuclei separation error
10% in survey mode;

• light nuclei (protons, protons+helium nuclei, ...)
separation mode: not less than 30% of light nuclei
sample is retained while 99% of other nuclei are sup-
pressed;

• ultra high energy gamma rays selection retains ∼
30% of gamma sample and suppresses not less than
99% of primary nuclei background;

• the structure of the central hybrid calorimeter makes
it possible to study the fragmentation region of the
hadron interaction at E0 >∼ 1 PeV (

√
s >∼ 2 TeV).
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