
 

  
Abstract—One of the first steps in EAS reconstruction is 

the determination of charged particle densities from the 
measured energy deposits. The standard procedures for 
evaluating the mean energy deposit per particle invoke 
time consuming Monte Carlo simulations using GEANT 
e.g.. Distribution functions of the random energy deposits 
depend on the type, the energy and the angle of incidence 
of  particles on detectors, but not on the shower evolution. 
Thus it is possible to construct distribution functions 
independent of the shower properties.  

The distribution functions can be constructed to 
approximate very closely the realistic functions using the 
decomposition method applied in Monte Carlo simulation 
by representing the distribution function as a combination 
of simpler functions like Vavilov, Gauss, exponential, 
polynomial. 

The present work is related to reconstruction studies of 
EAS observed with KASCADE-Grande. First the energy 
deposits for the KASCADE-Grande detectors were 
computed for all types of particles of interest on basis of 
GEANT procedures, for specific energies and angles of 
incidence. Then the GEANT distributions were 
decomposed into simpler distribution functions. These 
functions were subsequently applied in various steps of the 
shower analysis instead of GEANT simulations.  

This procedure needs considerably less time and allows 
various refinements: construction of lateral energy 
correction functions dependent on the shower angle etc. . 

 

I. INTRODUCTION 
HE standard procedure for reconstructing EAS events 
measured by the KASCADE-Grande experiment [1] is to 

use EAS CORSIKA simulations [2] and to determine the 
event interaction with the detectors using the GEANT 
program tools [3], a time-consuming technique. The 
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distribution function of the random energy deposit depends on 
the type, the energy and the angle of incidence (the effective 
thickness of the transversed detector material) of the particle 
on the detector, but not on the shower evolution. Due to this 
feature it is possible to construct such distribution functions 
independent of shower properties. 
 

II. PROCEDURE 
In a first step the energy deposit for KASCADE-Grande 

detectors was computed for all types of particles of interest, 
photons, electrons, muons, protons and neutrons, using 
GEANT simulations for a specific grid of energy and angle of 
incidence with a statistics from 200 000 to 1 000 000 particles. 
The values have been obtained for angles in the [00 … 800] 
zenith angular range and for particle energies up to 5ּ105 
GeV. 

 Figures 1 a,b,c, display the energy deposits simulated for 
muons with different energies and incident angles indicating 
considerable differences for large angles, but nearly identical 
energy deposits for angles  00- 400. 

 Figures 2 a, b, c, d show the energy deposits simulated 
for photons, neutrons, electrons, and protons. 

 Furthermore, the distribution function of energy deposits 
is relatively simple and changes smoothly with incident 
energy and angle. Therefore, using the decomposition  method 
often applied in Monte-Carlo simulations [4], it is possible to 
construct such distribution functions very close to the realistic 
functions by representing the distribution function as a 
combination of simpler functions like Vavilov, Gauss, 
exponential, polynomial. Thus the GEANT distributions were 
decomposed into simpler distribution functions which allow a 
much faster simulation. 

 Figure 3 gives an example of such decomposition 
procedure for photons. 
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Fig.1 a, b, c Energy deposits simulated with the GEANT software 

tools 
 

  

 

 

 
Fig.2. a, b, c, d Energy deposits simulated with the GEANT software 

tools 

 
Fig.3. Decomposition procedure (photons with incident energy of 

E=16MeV and vertical angle of incidence, θ=0o) 



 

 

III. RESULTS 
 To apply the decomposition method it is necessary to 

construct and to parameterize many distributions for all 
relevant cases of energy and angle, so that for any value of 
energy or angle, a simple interpolation can be used for finding 
the corresponding parameters. 

 Figures 4 a, b, c, d, e, f compare the distributions of 
energy deposits simulated with GEANT with the distributions 
generated with the present procedure (Monte-Carlo random 
generator using spectra parameters given by simple 
interpolations). A good agreement is indicated.  

 

 

 

 

 
Fig.4. a-f Comparison between GEANT simulated and 

decomposed-parameter generated spectra. 
 

This procedure to reconstruct EAS events is a faster way 
for analyzing KASCADE-Grande data [5]. The GEANT 
simulations have been performed only once, the distributions 
have been parameterized, and tables of parameters have been 
obtained for all cases of interest. For determining the energy 
deposit of any shower particle a simple interpolation has to be 
done for a small number of parameters. Our procedure is up to 
100 times faster than the standard procedure and allows 
various refinements, such as the construction of lateral energy 
correction functions dependent on the angle of shower 
incidence. 
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