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Abstract

The optical density spectrum of electromagnetic particles, measured at the high-altitude emulsion experiment
PAMIR, is compared with distributions obtained by Monte Carlo simulations. The extensive air shower simu-
lations are based on the CORSIKA program including different high energy interaction models, like QGSJET,
SIBYLL and VENUS. Additionally the Monte Carlo calculations include a detailed simulation of the detector
response for the electromagnetic particles based on the GEANT code. This enables to discuss in details the
energy resolution and threshold efficiency of the Pamir emulsion calorimeter, as well as comparisons of the
interaction models.

1 Introduction:

Direct measurements of the cosmic rays by balloon-borne or satellite experiment provide accurate knowl-
edge of the slopes of the differential primary spectrum ugto0'* eV for different nuclei (Wiebel-Sooth,
Biermann, and Meyer 1998). The Pamir emulsion experim&itd(m a.s.l.) could measure the flux of elec-
tromagnetic particles in the energy range 100 TeV and of hadrons7(— 100 TeV) created by interactions
of the primaries in the upper atmosphere. The particle flux is estimated by the optical density of the measured
spots at the emulsions and the zenith angle of the particles (Bayburina et al. 1983). Detailed Monte-Carlo
simulations of both the flux of the particles at high altitudes and the detector effects of the experiment should
be helpful to understand the measured distributions. The task of this paper is to compare the measured density
distributions of the electromagnetic particles with simulations in the low energy region, where the chemical
composition of the primary cosmic rays is known. This additionally gives the possibility to test the air shower
simulation program package CORSIKA (Heck et al. 1998) and the different high-energy interaction models
included at the energy region arousdl 0™ eV especially at the extreme forward direction.

2 Simulations:

For the following consideration 500000 events are generated for three different nuclei (H,He,Fe) and three
interaction models (VENUS vers.4.12, QGSJET, SIBYLL vers.1.6), used as generators in the CORSIKA
versionb.62 (see Heck et al. 1998). In the case of primary protons the simulations cover the energy spectrum
of 1013 eV - 10'% eV with dN/dEy < E, " (yn = 2.75) and isotropic incidence up t0° . In the case of
primary Helium (Iron) the used slope 4§ = 2.62 (yr. = 2.60) in the energy range - 10'* eV - 10'® eV
(10'* eV - 10'® eV). All secondary particles with energies larger tHafeV at the observation level of the
Pamir experiment are taken into account for the further examination. Figure 1 shows the differential energy
spectra of the secondary electromagnetic particles at the Pamir level for different primaries and interaction
models. The primary flux of the components are normalized to the flux of the primary protons. In general an
increasing slope with increasing primary mass is seen, but the role of primary iron nuclei for the total flux of
the electromagnetic particles with,,, > 1 TeV for the Pamir observation level is negligible. The slopes of
the spectra are nearly model independent, but the total number of particles is nearly a factor two larger in case
of the SIBYLL model than in case of VENUS or QGSJET. In comparison with the experimentally observed
slopes there is a good agreement with the simulated ones (Haungs and Kempa 1998).
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4 Energy Reconstruction:
After the simulation of the optical
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5 Conclusions:

The quality of the interpretation of cosmic ray experiments at high altitudes is improved by the combination
of the air shower simulation in the atmosphere (by CORSIKA with different high-energy interaction models)
and the simulation of the detector response (by GEANT). Especially a proof of the energy reconstruction in
the Pamir experiment is now possible. It shows a good reconstruction quality, in particular in the "medium”
energy range, but with unexpectedly large fluctuations in the optical density for fixed energies. The good
agreement between the measured and the simulated density spectrum shown in this study is an additional
hint for a reasonable extrapolation of the interaction models to the extreme forward direction at low energies
(E =~ 10'3 —10'% eV), at least for the QGSJET and VENUS model, whereas the SIBYLL model (version 1.6)
is unable to reproduce the data.
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