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Abstract. We show results of calculations for halo events of carbon and lead as additional absorber and is called the
measured at the Pamir experiment. The calculations havladron block. In the hadron block secondary hadrons pass
been done for proton-initiated showers. We have used th¢hrough the chamber and can interact, and the tracks of their
CORSIKA program with the QGSJET model for the simula- interactions can be seen in the X-ray plates located between
tions of the air-shower development in the atmosphere. Thdead below the carbon. The set of cascades of particles from
area of the “halo” in an X-ray calorimeter has been calcu-a single EAS and observed in a X-ray film is called a “fam-
lated with the use of the GEANT program. The propertiesily”.

of “halo” events as well as the correlation between the initial In the present paper we consider only events observed in the
energy of the primary particle and the calculated area of thd™-block. For high-energy families with reconstructed energy
halo are presented. The simulation shows that the contribusums larger than 400 TeV (in thieblock) we observe events
tion of the secondary hadron component into the visible areawith a large dark spot, exceeding the dimensions of individ-
of the “halo” at thel'-block is negligible. ual cascades. This dark spot is called “halo”. It was shown
that halos are created by the bunch of particles very close to
the EAS axis. At the Pamir experiment more than 60 halo-
events (to be defined further) have been registered. However,
the most famous observed event was the first one, called An-
, i . dromeda and found at the Chacaltaya experiment. Since the
The main goal of the present paper is to show (preliminary) o qisiration of Andromeda, more than 5 events of comparable
results of halo calc.ulatlor'ls for a high-altitude calorimeter US-gi;e have been found at Pamir. Their areas extee@dmm2

ing the dete(_:tor simulation tool_ GEANT (Cern, 1994). A (Borisov et al., 2001).

full and detailed Monte-Carlo simulation for the Pamw X-" An actual problem is that the number of halos with areas
ray chamber has been done and effects of factors, which Werg o 5ier thani 00 mm? is too high (Borisov et al., 2001) in
never investigated in previous simulations can be discussed

Forafew (ecentyears the phenpmenon of ”hglo"-events (Pa Ysition and energy spectrum of primary particles for the
collaboration, 198_4), observedin X-r:_sly ca!orlmeters expose igh-energy region are extrapolated from the lower range
to measure cosmic rays on mountain altitudes has been at their values. In (Borisov et al., 2001) it was shown that
tracting the attention of many researchers. An X-ray chambe[he change of the composition in wide, generally acceptable

in a calorimeter consists of a sandwich of lead, X-ray films, .5 4e couid not explain the discrepancies in the intensity of
and carbon layers. The detailed construction is described iBhe calculated and experimental data

(Pamir collaboration, 1984). In such a typical calorimeter
structure an upper part (called theblock) registers individ-
ual photons, electrons and positrons of energies larger thané Simulati in the at h dinth lorimet
TeV (in average) above the chamber. Each of these particle imufations in the atmosphere and in the calorimeter
create an electromagnetic cascade in lead. Plates of X-ra
films are placed below 4, 5 and 6 cm of lead. Although all ¥he CORSIKA program (Heck et al., 1998) has been used to

layers of the film are processed, the layer below 5 cm is con

simulate the development of the extensive air showers at the
sidered as the main one for the present analyses. The |0Wé11mosphere, including the QGSJET (Kalmykov et al., 1997)
part of the calorimeter (if existing), consists of a thick layer

model for the high-energy nuclear interactions. The model
was chosen as it fits best the existing cosmic ray data (Antoni
Correspondence toA. Krys: (akrys@krysia.uni.lodz.pl) et al., 1999). The adapted cross sections for nuclear interac-

1 Introduction

comparison to simulations. In the calculations, both the com-
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tions are in agreement with the model. For the present simthe number of electrons and positrons are summed up for all
ulations primary particles entering the atmosphere are genparticles entering the calorimeter. Then the density at each
erated with an power law spectrum of a slope of -2.8 in thecell was calculated. The side of a squared cell was chosen
range of5.10'6 — 5.10'7 eV. Zenith angles vary from 0 to to 0.2mm, leading to an area resolution of the density (i.e.
40 deg. All particles are traced down to the energy thresh-darkness or optical density) 6f04 mm?.

old £y, = 100 GeV. This energy threshold is sufficient for

studying the properties of-hadron families. However, for

the purpose of simulations of halo-events it is the upper per3 Results

missible value. As it was shown in (lwan and Krys, 1999) ) )

the area of halo can be underestimated by about 10-20%, dukhe obt.a!r?ed results are based on 50 full simulated cores of
to the missing particles of lower energy which still contribute Preton initiated EAS. For 26 cores of the processed EAS a

to the spot. The used threshold value is the compromise bd?@l0 was found. In two events a multi-core halo was ob-
tween the calculation time for the simulation in the X-ray served. To accelerate the calculations in the calorimeter, only
chamber and the accuracy of the calculations. those particles were taken into account, which fell within a
There are several methods of the simulation of the particld@dius of less than 120 mm of the EAS axis. In order to check
the validity of this cut the distances of the density weighted
center of the halo to the axis of the primary particles are cal-
culated. The results are shown in the Table 1. The lack of

6 dist. from the axis

of prim. part. 0—10 | 10—20 | 20—40 | > 40
5 - [mm]

no. of halo events| 18 5 3 0

Table 1. The distance of the center of the halo from the EAS axis.

dN/dNhalo

halo events at distances larger than 40 mm confirms that the
supposed radial cut-off do not affect the creation or area of
a halo. The cut is necessary to decrease of the number of
the particles which have to be processed by GEANT. In the
present simulations, still the number of input particles for
GEANT are up to 70,000, making the calculations very time-
consuming.
The distribution of the calculated halo areas is shown in Fig. 1.
The areas are in a range @f.8 — 325 mm?) The lack of
Fig. 1. The differential distribution of the halo area. events with small area is caused by missing lower energies
of primary particles in the simulations. In our simulations we
transition through a X-ray chamber: by the use of a half an-concentrate on properties of the halos, which were initiated
alytical — half Monte Carlo approach (Dounaievski, 1990), only by high energetic primaries - it was shown before (Gu-
as well as by full Monte-Carlo approach (Krys and Krys, seva et al., 1999) that protons of energy bel@0'6) eV
1999). In this paper the results of a full Monte-Carlo cal- still can create halo, even though with small probability. But
culation with the GEANT program (Cern, 1994) are used. please remember that in our considerations due to the thresh-
All kinds of particles (output of the CORSIKA program at old of secondary particles the size of the halo can be under-
the observation level of the Pamir experiment) which enterestimated of 10-20%.
the chamber, have been processed by GEANT. To reduce th€he probability of creating a halo with an area greater than
time of calculations, only particles within a radiusi@) mm 100 mm? by protons of the considered range of primary energy
of the shower axis are taken into account. As it is shown be-s estimated t@.2 . This value does not contradict the results
low, this limitation is fully justified. presented in (Borisov et al., 2001), where the calculations
The following phenomenological criterion has to be fulfilled of the halo area were obtained by the use of the "isodense”
for the acceptance of a halo-event: the area S, limited by thenethod.
isodense with the optical darkness dendity= 0.5 at one  In Fig. 2 the dependence of the halo area with the energy of
layer of X-ray film (under 5 cm of lead) have to be larger the primary proton is shown. We suppose that a primary pro-
than4 mm?. The halo darknesB = 0.5 corresponds to the ton with energy higher than 200 PeV should create a halo in
particle density).04 perum?. theI'-block of the Pamir calorimeter with a probability close
For each event the density of electrons and positrons passing 1.0. The dispersion of halo areas for the highest energies
through the main X-ray film (under 5 cm of Pb) was calcu- in the considered range is significant. Let us consider two
lated with GEANT. For that, the surface of the X-ray film high-energetic events in more detail: their primary proton en-
was divided into a chess board-like cell matrix, for each cellergies are 380 and 465 PeV and their halo areagZzmam?

910 10-20 20-80 a0-100 100-200 200-325
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Fig. 2. The dependence of the halo area with the energy of primaryFig. 3. The area of halos calculated for all particles entering the
particle. calorimeter versus the area calculated for the case where only gam-
mas and electrons are taken into account.

and325 mm?, respectively. The limited statistics does not let

us draw quantitative conclusions but an error of one order offeécondary hadron component into the creation of the halo
magnitude seems possible, if the energy of the primary pararea is negligible. Additionally it was found that the spread
ticle is estimated based on the halo area. of the reconstructed halo area for a considered range of pri-
The use of GEANT gives the possibility to estimate the con-mary energies is very large. Hence we conclude that the
tribution of individual particle components, i.e. hadrons and estimation of the primary energy of the proton initiated air
~lelectrons, to the area of halo events created in the gammghower from the area of the halo seems to be impossible.
block. Although the number of hadrons above the cham-
ber, which can contribute to the halo area are about 2% o
~lelectron numbers, a non-confirmed conviction exists that
hadrons interacting early in the lead of theblock make

a non-negligible contribution to the area and darkness of ereferences

halo. To solve this problem, we calculated for a few events
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4 Conclusions

With sophisticated tools like the air-shower simulation pro-
gram CORSIKA and the detector description code GEANT
it was possible to reconstruct events with a halo core struc-
ture as measured in the- block of the X-ray calorimeter at
the Pamir emulsion experiment. Detection efficiencies and
halo areas from that simulations are in agreement with the
measurements.

As a main result we could show that the contribution of the



