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Abstract

A hybrid simulation code is developed that is suited for fast one-dimensional

simulations of shower profiles, including fluctuations. It combines Monte Carlo
simulation of high energy interactions with a fast numerical solution of cascade

equations for the resulting distributions of secondary particles. First results ob-
tained with this new code, called CONEX, are presented and compared to COR-

SIKA predictions, focusing on the treatment of the electromagnetic shower com-

ponent.

1. Introduction

At high energy, the number of air showers that can be simulated within
conventional Monte Carlo approaches is mainly limited by the currently available

computing power. The hybrid simulation technique allows a drastic reduction of
the simulation time by combining explicit Monte Carlo simulation of high-energy

interactions with fast numerical methods to describe sub-showers initiated by low-

energy particles. Since shower fluctuations mainly arise from the fluctuations of
the first few interactions of the primary particle and its energetic secondaries, the

hybrid method allows good description of both mean shower properties as well as
their distribution (see, for example, [2]).

In this work we employ a previously developed code for the treatment of
the cascade equations for the hadronic shower core [1] and supplement it with a

Monte Carlo simulation of high-energy hadronic interactions and a fast numerical
solution of the electromagnetic cascade equations. Our approach is characterised

by large flexibility. No libraries of previously simulated showers are needed and
all shower parameters, including the atmospheric profile can vary from shower to
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shower.

2. The shower simulation code CONEX

In CONEX explicit Monte Carlo simulation of propagation, decay and

interaction is performed for all particles above a given threshold, typically E0/100.
Hadronic high-energy interactions are calculated using either neXus 3 [3] or

QGSJET 01 [7]. The extension to other models such as SIBYLL [4] and DPMJET
[9] is planned. The Monte Carlo simulation of electromagnetic interactions is

handled by the EGS4 code [8]. Particles falling below the energy threshold are
binned according to their type in energy-depth tables. These tables are used as

initial distribution for the cascade equations. The system of coupled differential
equations are solved for each shower using the techniques described in [1].
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Fig. 1. Number of photons (left) and electrons/positrons (right) as function of slant
depth for photon-induced showers of 1014 eV. Only particles with kinetic energy
greater than 1 MeV are considered.

3. Comparison to CORSIKA results

To test the numerical treatment of the electromagnetic cascade equations
we compare our results with CORSIKA simulations. Fig. 1 shows the average

longitudinal shower profile of electrons and photons in 1014 eV photon-induced
showers as predicted by CORSIKA [5] together with our calculation. Examples

of electron and photon energy distributions at fixed atmospheric depths are given
in Fig. 2. In all cases a good agreement is found, but some differences can be seen

at very low energy.
Finally, in Fig. 3 we compare the longitudinal shower profiles of electrons

and photons for 1018 eV proton-induced showers as obtained with CONEX and
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Fig. 2. Energy distributions of photons (left) and electrons (right). The symbols
are CORSIKA predictions and the curves represents the results of the numerical
solution of the cascade equations.

CORSIKA (100 events each). Again, only particles with Ekin ≥ 1 MeV are shown.

The CONEX predictions are lower than that of CORSIKA by about 5%. This
agreement is reasonable, given the fact that CONEX uses a completely different,

independently developed formalism of the hadronic and electromagnetic shower
parts.

We plan to investigate the reasons for the differences between the CONEX
and CORSIKA predictions in detail.

4. Conclusions and outlook

CONEX is a newly developed code for fast hybrid simulation of air show-
ers. Its predictions are in good agreement with the results of the well-tested

CORSIKA Monte Carlo program. CONEX is ideally suited for realistic shower
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Fig. 3. Mean longitudinal shower profiles of photons (left) and electrons and positrons
(right) for vertical proton-induced showers of energy 1018 eV. The curves represent
CONEX hybrid simulations and the symbols are CORSIKA results.

profile simulations as needed for EAS experiments measuring fluorescence light,

e.g. Auger, EUSO, or OWL. The current version of CONEX is restricted to the
one-dimensional treatment of showers. It is planned to extend the code to allow

a full three-dimensional description of extensive air showers [6].
Acknowledgements: S.O. acknowledges the support by the German Ministry

of Education and Research (BMBF, grant 05 CU1VK1/9).

References

[1] Bossard, G. et al. 2001, Phys. Rev. D63, 054030.
[2] Dedenko, L.G. 1968, Can. J. Phys. 46, 178; Lagutin, A.A. et al., 1999, Nucl.

Phys. (Proc. Suppl.) 75A, 290; Gaisser, T.K., Lipari, P. & Stanev, T., 1997,

25th Int. Cosmic Ray Conf. (Durban) 6, 281; Alvarez-Muniz, J. et al., 2002,
Phys. Rev. D66, 033011; Drescher, H. & Farrar, G.R., astro-ph/0212018.

[3] Drescher H.J. et al. 2001, Phys. Rep. 350, 93
[4] Engel, R. et al. 1999, 26th Int. Cosmic Ray Conf. (Salt Lake City) 1, 415.
[5] Heck, D. et al. 1998, Report FZKA 6019 (Forschungszentrum Karlsruhe);

http://www-ik.fzk.de/˜heck/corsika/
[6] Kalmykov, N.N., Ostapchenko, S.S., & Werner, K. 2002, proc. of 12th Int.

Symposium on Very High Energy Cosmic Ray Interactions, Geneva, Nucl.
Phys. B (Proc. Suppl.), in print.

[7] Kalmykov, N., Ostapchenko, S., & Pavlov, A.I. 1997, Nucl. Phys. B (Proc.

Suppl.) 52B, 17.
[8] Nelson, W.R., Hirayama, H., & Rogers, D.W.O. 1985, Report SLAC 265,

Stanford Linear Accelerator Center.
[9] Roesler, S., Engel, R., & Ranft, J. 2001 27th Int. Cosmic Ray Conf.

(Hamburg) 1, 439.


