
33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013

THE ASTROPARTICLE PHYSICS CONFERENCE

On nature of long-flying component in cosmic rays according to X-ray emulsion
chamber data of the Pamir experiment
A.S. BORISOV1, A.P. CHUBENKO1, V.G. DENISOVA1, V.I. GALKIN2, Z.M. GUSEVA1, E.A. KANEVSKAYA1,
M.G. KOGAN1, V.M.MAXIMENKO1, A.E. MOROZOV1, R.A. MUKHAMEDSHIN3, S.I. NAZAROV2, V.S. PUCHKOV1,
S.E. PYATOVSKY1, M.D. SMIRNOVA1, A.V. VARGASOV1

1 P.N.Lebedev Physical Institute of RAS, Moscow, 119991 Russia
2 M.V.Lomonosov Moscow State University, Moscow, 119991 Russia
3 Institute for Nuclear Research of RAS, Moscow, 117312 Russia

puchkov@sci.lebedev.ru

Abstract: An origin of some excess of interacting hadrons at a depth of t > 70 radiation units in lead absorber
of deep uniform X-ray emulsion chambers (XREC), discovered in the Pamir experiment, is analyzed. Very
preliminary (!) experimental data on cosmic-ray hadron interactions in a two-storied XREC with a large air gap
are presented. This type of XREC was designed to test a hypothesis of a significant increase of charmed-hadron
production cross section at E0 � 50 TeV as the main source of the observed excess. In this case, a considerable
fraction of charmed hadrons generated in the XREC’s upper block decays inside the air gap in electromagnetic
channels producing e± and γ-rays, which give some excess of observable darkness spots on X-ray films placed
in the upper layers of the lower block. Experimental data are compared with simulation results in the framework
of FANSY 1.0 model. The comparison demonstrates an agreement of experimental data with the assumption on
very high charmed-hadron production cross section, namely, ∼ 8 mb/nucleon at x Lab � 0.1.
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1 Introduction
A slowdown of absorption of high-energy (tens of TeV)
hadron cascades was found in experiments with a lead-
absorber ionization calorimeter with a thickness of 850
g/cm2 at the Tien Shan mountain station [1]. As a result,
the existence of so-called long-flying component was sug-
gested.

Anomalous absorption of penetrating hadrons was also
revealed by the Pamir experiment at a great depth (t > 70
radiation units) of deep X-ray emulsion chambers (XREC)
with lead absorber 110 cm thick, namely, some excess of
high-energy (∼ 50 TeV) cascades was found [2].

It was suggested that both the phenomena, i.e., the ex-
cess ionization in the hadron calorimeter and hadron ex-
cess in the lead XREC at large depths are associated with
a rapid growth of the production cross section of charmed
Λc hyperons and D mesons with increasing energy. Model
calculations showed that to reach an agreement with ex-
periment, it is necessary to assume that at hadron energies
Eh � 20 TeV the cross section of charmed-particle produc-
tion amounts to 2− 4 mb/nucleon at xLab � 0.1 [3, 4].

Recently a new experiment was began at the Tien Shan
and the Pamirs to check this hypothesis. The experiment
uses XRECs of special design. Its basic idea is to create
a sufficiently large air gap between two blocks of XREC
spaced vertically. In that case, D mesons produced in the
XREC’s upper block would effectively decay in the air gap
and generate e± and γ-rays producing additional electro-
magnetic cascades which can be observed in the first lay-
ers of the XREC’s lower block as a bump on the absorp-
tion curve.

In this work we consider experimental data accumulated
with using a two-storied XREC exposed at the Tien Shan
mountain station for 1 year.

2 Results
2.1 Experimental data
The two-storied XREC consists of the upper and lower
blocks with areas of 48 m2 and 32 m2, respectively, and
2.16 m air gap between them (Fig.1).

The XREC’s upper block consists of a so-called Γ-block
(three layers of X-ray films under 3.5, 5 and 6.5 cm of
lead) and a conventional Pb-block separated by two rows
of ionization chambers and a 1.5 cm thick lead absorber
between them. Pb-block has 23 lead layers. The thickness
of the first lead layer is 2 cm, while other lead layers are 1
cm thick. In the central part of the Pb-block, the lead layers
are interleaved with X-ray films covering only 12 m2 of its
total area. By now only 1st, 2nd, 20th and 21st layers of
X-ray films of the Pb-block have been treated.

The XREC’s lower block includes twelve layers of X-
ray films. The first one is placed under 3.5 cm of lead; the
following five X-ray film layers are separated by 1 cm of
lead, and the last six film layers are separated by 1.5 cm of
lead. By now only the first four and 6th X-ray film layers
of the XREC’s lower block have been treated.

The electromagnetic component of cosmic rays incident
on the XREC is completely absorbed in Γ-block. So, dark-
ness spots observed in the 23 X-ray film layers of the Pb-
block are only produced by the hadron interactions with
lead. The threshold energy of the recorded hadron-initiated
cascades is ∼ 5 TeV.

To increase statistics of experimental data being ana-
lyzed and to diminish the experimental ambiguities related
to rather complicated procedure of reconstruction of cas-
cades recorded with multilayered XREC, we treated until
now only darkness spots as we observe them at each film
layer, i.e., quite independently from layer to layer.

Figure 2 shows preliminary experimental data (plotted



Figure 1: The scheme of the XREC at the Tien Shan mountain station.

on the left ordinate axis) on the number of darkness spots
per X-ray film obtained after the treatment of the 1st, 2nd,
20th and 21st layers of X-ray films (100× 50 cm2 in size
each) of the XREC’s upper block as well as the 1st − 4th
and 6th layers of the lower block of the XREC treated
to recent date. The values of spot numbers at a depth of
10 (30) cm in the XREC’s upper block are obtained with
averaging data on the 1st and 2nd (20th and 21st) layers
of X-ray films, respectively. The first experimental point in
the XREC’s lower block at t = 39 cm is also obtained with
averaging data on two neighbouring layers.

2.2 Simulation
Simulation of nuclear-electromagnetic cascades in the
XREC initiated by incident nucleons and pions with ener-
gies Eh ≥ 20 TeV, which are in turn produced in the atmo-
sphere by protons and nuclei of the primary cosmic radia-
tion, is carried out using the software package ECSim 2.0
based on GEANT 3.21 [5]. To generate the nucleon-lead
and pion-lead interactions with production of charmed
hadrons and their subsequent decay with generation of
e± and γ-rays in the air gap, FANSY 1.0 model [6] is



Figure 2: Lead depth dependence of number of darkness spots per one X-ray film: experimental data (number of darkness
spots per X-ray film) (filled red circles, left ordinate axis) and simulation results (number of darkness spots per one X-ray
film per one incident hadron) when charm production cross sections are close to zero (stars) and charm production cross-
sections are very high (filled squares, right ordinate axis).

used. The model permits to vary cross sections of charmed-
particle production in a wide range.

It should be noted that the simulation is made for the
two-storied XREC exposed at the Pamirs, which has a
larger air gap as compared with the Tien Shan one, namely,
2.5 m. As a result, the Pamirs XREC would be more effi-
cient to study the phenomenon under consideration.

Processing and measurement of darkness spots on X-ray
films produced by electromagnetic cascades are simulated
in accordance with the recent techniques developed in the
Pamir experiment (see details in [5]).

Simulated lead-depth dependence of number of dark-
ness spots per one X-ray film and per one incident particle
(70% nucleons and 30% pions) incident on the XREC is
plotted along the right ordinate axis in Fig. 2 for two cases:

• cross sections of charmed-hadron production are
close to zero (stars);

• cross sections of charmed-hadron production are ex-
tremely high, namely, σh→charm ∼ 8 mb/nucleon in
the kinematic fragmentation range, i.e., xLab � 0.1
(black squares).

The drastic dip seen in Fig. 2 between the upper and
lower blocks of the two-storied XREC as well as the con-
sequent gradual restoration of distribution points to the

dependence observed in the XREC’s upper block are ex-
plained with a lead-air-lead transition effect and most dis-
tinctly manifests itself in the case of simulation with no
charm production (stars in Fig. 2).

Simulated high cross-section charmed-hadron produc-
tion and experimental data are normalized to 10 cm depth
of lead in the XREC’s upper block.

3 Discussion
Both simulation versions with zero and very high charmed-
hadron production cross sections fit rather well the the
form of experimental data on absorption of darkness spots
with increasing lead absorber depth in the XREC’s upper
block.

The significant enhancement of darkness spots in the
upper layers of the XREC’s lower block are reproduced
by simulations only in an assumption of very high cross
sections of charmed-hadron production, when a significant
number of charmed particles are produced in hadron in-
teractions in the XREC’s upper block and a part of them,
mainly D mesons, effectively decay in the air gap.

As can be seen in Fig. 2, the absorption of the number of
darkness spots with increasing depth of the lead absorber
in the XREC’s lower block corresponds to the second case
of very high cross sections.



However, one can see that the simulated excess of dark-
ness spots is shifted to a larger lead depth. We explain this
result with the fact that the experimental air gap is smaller
as compared with the simulated one. As a result, some frac-
tion of D mesons, as compared with simulation, decays not
in the air gap but in the XREC’s lower block. As a result,
origin points and maxima of electromagnetic cascades ini-
tiated by products of their decays shift deeper into into the
lower block.

The presented data are very preliminary. Undoubtedly,
it is necessary to test all possible sources of errors in our
experiment, both methodical and simulation aspects.

It should be noted that spectra of secondary particles
in FANSY 1.0 model used in simulation are too soft. [7].
On the other hand, just the particles with large xLab val-
ues are most important in the experiments under consid-
eration. If so, an analysis employing an interaction model
with more hard spectra of secondary particles could obtain
some lower cross sections of charmed-particle production.

Recently ALICE, LHCb and ATLAS collaborations
have measured inclusive transverse momentum spectra of
open-charm mesons in proton-proton collisions at

√
s ≤

2.76 TeV. These results are very interesting from the theo-
retical point of view because of the collision energy never
achieved before and unique rapidity acceptance of the de-
tectors. Especially, results from forward rapidity region
2 < η < 4, obtained by the LHCb as well as ATLAS data
from wide pseudorapidity range |η |< 2.1 can improve our
understanding of pQCD production of heavy quarks (see
e.g. [8, 9, 10]).

Conclusion of rapid growth of charmed-hadron produc-
tion cross sections with energy in the mid rapidity range
was also drawn out recently by STAR [11] Collaboration.

However, it is necessary to underline that collider exper-
iments study the central kinematic range (η � 5) while our
cosmic ray target experiment makes it possible to inves-
tigate the fragmentation range of colliding particles, i.e.,
xLab � 0.1, where the behavior of charm production with
energy could be different from that observed in the central
range. In any case, experiments in cosmic rays could give
some complementary information to collider data.

4 Conclusion
Very preliminary (!) experimental data show a significant
surge of darkness spots in the upper layers of the lower
block of 2-storied XREC with 2.16 m air gap.

This result agrees with a hypothesis of a rapid growth of
the cross sections of charmed-hadron production at ener-
gies Eh � 50 TeV in the fragmentation region of p-Pb and
π-Pb interactions, namely, σh→charm ∼ 8 mb/nucleon. The
use of improved models could partly decrease this value
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