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Abstract

The KASCADE experimert measurig a larger number of EAS obsevables with an improved sampling of
the electron-photorhadron and muon componensthan previous experiments provides dataaccurag enough
for an event-byeven analyss of the eneggy dependeneof the primary cogmic ray flux in the enegy range
of 1011 — 10'¢ eV. Multivaiiate statisticd andysis approachgenalbe to estimae the primary cosmic ray flux
and the elemental composition The major feature in the observed PeV energy region, the so caled knee is
reprodwced, spectral indices and the knee energy are determined.

1 Introdu ction:

The knowledge of the energy spectra of primary cosmic rays in the knee region is of great importance
for testing alternaive hypothessof the cosmic ray (CR) origin, acceleratiopand propagationThe manifold
interpretations of CR experiments have their causal conredion in the inadeguate knowledge abou the char-
aderisticsof hadronc interadions above accéergor enegies. Moreover uncetaintiesin the CR compgaition,
causd by strorg fluctuations of the shower parameters give rise to this ambiguities. The different detedor
types of the KASCADE experiment (Klages 1997 measue simultaneous} the three chaged shower com-
ponents This allows nat only to take the whole valuabk information of EAS showers into account but to
make cross chedksin estimating the energy and mass of individual events by different observables. Systematic
effects by using various observables e.g. for energy estimation can be studied.

2 EASRecostr uction:

2.1 Thedetecta setup: Thebast concep of the KA SCADE experimert isto measue alarge number
of obsevablesfor ead individud evert with goad accuray and high degree of sanpling. For thisreasm 252
detedor stationsforming adetedor array of 200 x 200m 2 containing liquid scintill ation detectorsfor deteding
the eledromagnetic comporent on the top of a lead/iron absorler plate as well as plastic scintill ators below
the shielding. A detector coverage of more than 1% for the electromagnetic and abou 2% for the muonic
comporent EAS is achieved. In combination with a precise measurement of the hadrons using a large iron
samging cdorimeter the shower core can beinvestigaedin grea detail. So themain patt of thecertral deeaor
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system is a large hadron calorimeter. It consists aftar 16 m? iron stack with eight horizontal gaps. 10,000
ionisation chambers are used in six gaps and below the iron stack for the measurement of hadronic energy in a
total of 40,000 electronic channels. The third gap is equipped with 456 scintillation detectors for triggering and
timing purposes. Below the iron stack two layers of multiwire proportional chambers (MWPCs) are mounted
for the measurement of muon tracks and studies of structures in the muon lateral distribution in EAS cores.

2.2 Relevant Observables: The presented detailed analysis of EAS benefits from the simultaneous
measurement of a large number of quantitiesdach individual event. This enables iidimensional anal-

yses for the reconstruction of the energy and the mass of the primary. Specific EAS parameters measurable
by the experiment KASCADE are used, like the number of electfgnsthe truncated number of muons

N/ (Glasstetter, 1997; Weber, 1997), the number of reconstructed hatifgHs*" with an energy larger

than 100 GeV, the sum of the energy of this hadrphg&’,, the energy of the mostenergetic hadroax £,
(Horandel, 1997) and the number of muay$ with an energy threshold df,, > 2 GeV measured below the

central calorimeter by the MWPCs (Haungs, 1996).

Two sets of data are used. "Selection I” uses the information from the array of field stations on electrons
and muons. It permits to analyse the data with good statistical accuracy but has no information from the
central detector. "Selection II” uses in addition many observables measured in the central detector but has the
disadvantage of a reduced data sample (Roth, 1999).

Therefore 720,000 events with an energy larger thass 5 - 10'* eV and a maximal core distance to the
centre of the field array of 91 m are selected (set "selection 1”). Approximately 8000 high-energetic (

10" eV), central showers are collected by cutsiéf (> 10%), the core locationR..,. < 5m from the
centre of the central detector system), at least one hadron with an energy above 100 GeV and 10 muons in the
MWPCs (set "selection I1).

2.3 Simulations: Simulations have been performed with the models VENUS and QGSJet in the energy
rangel0' — 3.16 - 10'6 eV using the CORSIKA code (Heck, 1998).

For each primary (p, He, O, Si, and Fe) approximately 2000 EAS events have been simulated, distributed
in the energy range with an decreasing particle flux. The core of the EAS lies within a 5 m radius away from
the centre of the central detector. The response of all detector components is taken into account in great detail
using the GEANT code. Afterwards the simulated events are treated like measured ones, therefore measured
and simulated data are stored and furthermore reconstructed with the same procedures.

3 Energy Estimation:

The techniques presented by Chilingarian (Chilingarian, 1998) on the basis of nonparametric multivariate
methods (neural networks, Bayesian decision making) are developed and applied to infer the energy and/or
the mass of primary particles on an event-by-event analysis.

The best summary of accumulated knowledge in simulation trials are the nonparamétidinmensional

QGSJet VENUS
Y1 2.7240.003+0.03 2.87+£0.003+£0.04
Y2 3.2240.05+£0.06 3.25+£0.04 £0.06
Erpee [10°GeV] 6.39+£0.144+0.7 6.22+0.27£0.8
€ 14.10 £ 5.8 £ 5. 11.61 4+ 4.04 £ 6.
x%/dof 3.90 3.68

Table 1: Spectral indices and different other parameters as a result of the fitting procedure (including statistical
and systematical errors).



probability density functions as well as a set of weights of "trained” neural networks. Due to the stochastic
nature of the cascade developmentin the atmosphere it can’t be expected that analytic probability distributions
will describe any measurable EAS parameter. Moreover, very long (usually unregular) tails of the parameter
distributions require considerable large amount of simulations to map all possible misclassifications and errors.
The Feed-Forward Neural Net-
work (FFNN) provides the map- s
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as input and the energy as outpufFigure 1: All particle energy spectrum of "selection I” data (see text for
parameters. explanation) as a result of a neural net analysis (QGSJet and VENUS
The fitting function to the energy data trained networks were used).

response function (output) is

fE) =

d1—=72 ﬁ
= E_\“\ = w ® QGSJet
c- F 1(1+(Eknee) ) x B
. g .l Y,= 2.73+0.02
Table 1 displays the results of the & g4 -t Y,= 3.56+0.64
fitting procedure. The parameter 08 | " E, =5.87+1.84x10° GeV
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describes the curvature of the knee 0.7
feature. A small one (e.ge = 1)

: 06 r
gives a sharp and a large one (e.g.
¢ = 40) a smooth knee. 05 r
The all-particle energy spec- 04 = VENUS
trum resulting from differ- ' ¥,= 2.90£0.03
ent networks shows strong model Y,= 3.3520.50
dependenceyg s = 2.72 and 03 - Eynee= 5-80£2.05x10° GeV

P)/VENUS = 2-87; see flgure 1). v b b b b b e b b b e Pl b
The slope difference 0.16 between 61 062 63 64 65 86 BT OB % ol

) gy log,,E [GeV]
the models below the knee is even
larger than the methodical errors offigure 2: All-particle energy spectrum of "selection II” data with ordi-
0.04. nate units (see text for explanation) as a result of a neural net analysis

To proof the possibility of se- (QGSJet and VENUS data trained networks were used).
lecting different data sets without

introducing systematic errors, the same trained netwak (Nf]’, s) was applied to estimate the energy of
the "selection 11" events. The resulting energy spectrum is given in figure 2. Within the statistical errors




the spectral indices (QGSJet and VENUS) below the knee are the same as in figure 1. There aren’t enough
measured events above the knee to reconstruct a reasonable index with small statistical errors. These events
provide nevertheless the opportunity to estimate the spectral index below the knee by using different sets of
observables in neural net analyses. The good agreement of the resulting indices is shown in case of QGSJet
trained networks in table 2.

Spectral Index Observables
—+ 2.72 4 0.003 + 0.02 selection | V., Nﬁr, s

—t 2.73+0.034+0.05 selection Il NV, Nf]’, s *
—_— 2.70 £ 0.054+0.05 selection Il Nf]’, N; *
— 2.7440.05+ 0.05 selection Il NI, NJF>100GeV
— 2.74 4+ 0.05+ 0.05 selection Il N, NF>100GeV =
— 2.71+0.04 £ 0.05 selection IIN;7 ST Ep *
—_— 2.754+0.054+0.09 selection Il N;, max Fj, *

—t— 2.73+0.05 all (*) averaged

Table 2: Spectral index; below the knee (QGSJet simulations) as a result of the neural net analysis. (The
systematic errors are estimated by different types of network topologies.)

The results of the presented analyses on the energy dependence of the all-particle spectrum have prelimi-
nary character due to the insufficient amount of simulated events and also the lag of central detected showers
to determine spectral indices above the knee. Nevertheless the major feature of the observed energy region
(the abrupt change of the spectrum) is reproduced. Taking different sets of observables the resulting spectral
indices remain the same within the statistical errors. The results show the necessity of investigating the model
dependence in detail in order to overcome artifical features of specific models and to get reliable information
for understanding origin, acceleration, and propagation of cosmic rays.
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