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Abstract

The central detector of the KASCADE (K Arlsruhe Show-
er Core and Array DEtector) experiment is able to observe
the density distributions of the main Extensive Air Shower
(EAS) components in the shower core. In particular the
muon component is measured precisely by large-area posi-
tion-sensitive multiwire proportional chambers (MWPC),
installed below the hadron calorimeter (1000 g/cm? Fe).
Using the method of a multifractal moments analysis, ap-
plied to simulated data as being 'observed’ by the MWPC,
differences of the EAS lateral distributions for different
type of primaries are revealed. First results from data
measured with the MWPC are communicated.

Eigenschaften von Lateralverteilungen der Teilchen im
Zentrum hochenergetischer ausgedehnter Luftschauer durch
die Analyse multifraktaler Momente

Der Zentraldetektor des KASCADE Experimentes ermog-
licht Beobachtungen von Dichteverteilungen der Haupt-
komponenten im Zentrum von EAS. Insbesondere wird
die Myonkomponente durch grofiflachige ortsauflosende
Vieldraht-Proportionalkammern (MWPC) gemessen, die
unterhalb des Hadronkalorimeters (1000 g/cm* Fe) in-
stalliert sind. Mit Hilfe der Methode der multifraktalen
Momente, angewandt auf simulierte Daten, die direkt mit
Mefidaten der MWPC vergleichbar sind, kann gezeigt wer-
den, dafl unterschiedliche EAS Lateralverteilungen durch
die Art des Primarteilchens bedingt sind. Erste Vergleiche
mit gemessenen Daten der MWPC werden durchgefiihrt.




1 Introduction

The detailed structure of the lateral particle density distribution of an extensive
air shower (EAS) carries valuable information on the shower development and
the nature of the shower inducing cosmic ray primary. This is, in particular, true
for the penetrating muon component, as it is not subject of relevant Coulomb
scattering and further cascading, thus directly related to the details of the nuclear
interactions in the EAS core. The essential effects originate from the height at
which the parent particles (pions and kaons) decay and from the transverse mo-
mentum distribution of the parent pions (kaons). Therefore, though contributing
only with approximately 10% to the total number of charged particles and pho-
tons (with energies above 300 MeV at sea level), the shape of the lateral muon
distribution should provide some information on the longitudinal development
of EAS, and as consequence some signatures for the mass of the primary - in
addition to the total muon number N,, which is determined by the multiplicity
of secondary production in high-energy hadronic interactions.

The central detector of the KASCADE (KArlsruhe Shower Core and Array
DEtector) experiment [1] is equipped with a muon detection facility [2] consist-
ing of 32 position-sensitive multiwire proportional chambers (MWPC) with a
rather good spatial resolution (&~ 5 mm) and a good coverage of the area in the
basement, i.e. below the iron-sampling calorimeter (=~ 1000 g/cm?). They are
triggered with fast scintillation detector devices, presently by an array (’Top-
Cluster’) of 16 detectors on top of the ceniral detector. The task of the MWPC
arrangement in context of the KASCADE experiment is the determination of the
lateral muon distribution and of the local muon number in the shower core.
However, there are various difficulties of the present configuration in cases of high-
energy particles densities. Due to the relative large size of the single MWPC
there are reconstruction ambiguities for larger muon multiplicities per cham-
ber. Secondaries, i.e. é-electrons, electrons from muon induced showers, and the
’punch-through’ of high-energy hadrons obscure the identification of the muons,
in addition.

In the present work the features of the lateral particle distributions, virtually
of the muons, in the shower core are analyzed, based on simulated air shower
data in the PeV region, including the distortion, when crossing the KASCADE
central detector setup and with the response of the MWPC detector facility.
The quantification of structural differences of the distribution resulting from dif-
ferent primaries uses the method of a multifractal moment analysis, which has
been shown to be useful in identifying structures of various distributions.

This method has been recently introduced for an analysis of the lateral distribu-
tion of the e/ component for observed air showers (3, 4], revealing discriminating
features for different types of primaries.




We finally demonstrate our procedures and the method of analysis by consider-
ing real data, measured with the actual MWPC arrangement of the KASCADE

central detector.

2 Simulation Studies

2.1

As first step a set of realistic shower data for the observation level of KASCADE
(110 m a.s.l.) is generated by Monte-Carlo simulations of the shower development
in the atmosphere, using the program CORSIKA [5].

Simulation of Extensive Air Showers

The CORSIKA program has been specifically developed to perform simula-
tions for the KASCADE experiment. It uses a Monte-Carlo generator based on
the Dual-Parton Model (6, 7]. This model describes the hadronic interactions of
protons at high energies in agreement with measured collider data. The model
is extended to the interaction of complex primary nuclei by calculating the frac-
tion of interacting nucleons in target and projectile, invoking the superposition
hypothesis. Diffractive reactions are included. For the comprehensive simulation
of the electromagnetic component the EGS4 code [10] is included. But in our
calculations the faster NKG approximation is used.

A recent version of CORSIKA (Version 4.068) is modified by the GEISHA pro-
gram [8] included for describing the hadronic interaction below E., = 12 GeV
and by the VENUS program [9] to handle very high-energy interactions.

The energy range of the simulated showers extends from 1-10'® eV to 3.16 -
10'® eV. Lower primary energies do not induce the necessary hit density below
the shielding of the central detector for an useful analysis of multifractal moments.

primary particle | primary energy | shower size | shower age
[eV] logN, s

proton 1.00 - 10% 5.05 + 0.20 | 1.30 £ 0.06
proton 1.40- 10'® 5.26 + 0.20 | 1.30 £ 0.05
proton 17810 5.39 + 0.23 | 1.29 £ 0.06

iron 1.78 - 108 5.04 + 0.08 | 1.32 £ 0.02

iron 2.60 - 10%° 5.20 + 0.08 | 1.32 £ 0.02

iron 3.16 - 105 5.33 £ 0.07 | 1.32 £ 0.02

Table 1: Simulated shower groups.
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Figure 1: Shower size N, and number of muons N} (E, > 2 GeV
within a distance to the core of 8 m) of 600 showers simulated by

CORSIKA.

The flux of showers with higher energy is to low for a survey in comparison with
KASCADE data. The shower size N. (measurable by the KASCADE array)
is an important parameter classifying the shower events used in the analysis of
MWPC data. In order to provide the same N, range for proton induced and iron
induced showers the primary energy of the latter one has to be increased. Due
long computing times, only relatively small samples of showers are generated in
six different groups (Tab. 1). We consider air showers with vertical incidence
and the core positioned in the center of the central detector.

All muons and hadrons with an energy threshold of 2 GeV and with a maxi-

mal distance to the shower center of 8 m are considered in the further discussion.
The cuts approximately correspond to the sensitive area of the multiwire propor-
tional chambers and the shielding of the central detector at KASCADE.
Fig. 1 displays the distributions of the shower size and number of muons N
(E, > 2 GeV, R, < 8 m) of the used simulated air showers as calculated by
the CORSIKA code. The muon number N} is a measurable quantity. Fig. 1
indicates that the muon number N provides a signature for mass separation.




300 proton induced showers 300 iron induced showers

P 2000 r ) 2000 r

% F muons and hadrons £>2GeV g - muons and hadrons £>2GeV

g 1800 = . muons E>2GeV g 1800 = .. muons E>2CeV

= 1600 E_ ......... hadrons E>2GeV < 1600 f
1400 ; 1400 ;
1200 ; 1200 ;
1000 i 1000 :—
800 E— 800 ;
600 f— 600 ;
400 - . 400 ;
200 K 200 i

A A R R o b vl 1

0 200 400 600 800 0 200 400 600 800

R [cm] R [cm]

Figure 2: Lateral distributions of muons and hadrons near the core
of showers induced by proton and iron primaries, calculated by the

CORSIKA program.

Multifractal moments examine density structures of the distribution of muons
and hadrons. Fig. 2 gives evidence for differences of the central part of the lateral
distributions of showers initiated by protons and by iron nuclei, respectively. But
they are hardly observable in experiment.

2.2 Simulation of the KASCADE Central Detector

The general layout of KASCADE includes a detector array with a total area of
200-200 m? and a central detector consisting of a hadron calorimeter of 20-16 m?
and nearly 300 m? multiwire proportional chambers in the basement below for
muon detection. '

The array consists of 252 detector stations, organized in 16 subarrays, each
forming a quadratic grid of 13 - 13 m? for sampling the electromagnetic and
muonic components with their lateral distributions. It provides the basic infor-
mation about the shower size N,, the location of the core, arrival direction, and
the arrival time of the shower front.
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Figure 3: Schematic view of the central detector of KASCADE.

The central detector has various parts (Fig. 3):

e a sampling calorimeter (20 - 16 m? with 3800 ¢ iron as passive layers) for
measuring the energy spectrum and the lateral distribution of hadrons in
the shower core;

e one active layer of the calorimeter setup is a trigger and timing facility,
enabling arrival time measurements;

e on top of the central calorimeter there is an e/ mini array: the Top-Cluster,
coupled to the full array and for studying the density in the core;

e multiwire proportional chambers installed in the basement for measure-
ments of muons of an energy threshold of 2 GeV.

The whole detector field is covered with detectors to 2.5% for muons, 2.0% for
electrons-photons and 0.6% for hadrons. The expected rates for showers having
the core inside the central detector are 50 per hour for Ey > 10 eV and 4 per
day for Ey > 10 eV.

With the GEANT code [11] included in the simulation program the distribu-
tion of measurable hits in the multiwire proportional chambers below the iron
shielding of the calorimeter is studied. All muons and hadrons at energies higher
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Figure 4: Spectra of high-energy particles (£ > 1 T'eV) from pro-
ton and iron induced showers with equal size (logN. = 4.5 — 6.0),
simulated by CORSIKA.

than 2 GeV and hitting the central detector are tracked through all shielding
materials. The simulation of the 5.0 cm lead absorber, all layers of iron, and
the ceiling of concrete at the basement are handled correctly in material and
geometrical structures. The scintillation detectors and the sensitive calorimeter
layers are neglected in this detector simulation. All relevant physical interactions
of particles with matter are taken into account and each produced secondary
particle is tracked through the calorimeter.

Before starting a detailed simulation of the response of the MWPC setup we
examine all particles produced in the shower and in the material of the shielding.
So we replace the real chambers by a 16 mm thick active gas layer. This gas
layer is circular and has a size of R = 8 m in radius. The detection threshold
equals the real one, but the active area is assumed as 100 % with an infinite
spatial resolution. This procedure facilitates the comparison of raw shower data
of the CORSIKA simulation with detectable data after the GEANT simulation
of the different absorption layers. In this fictive gas layer there are either single
particles or clusters of many particles detectable.
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Figure 5: Radius-energy-correlation of high-energy particles (E >
1 TeV) from proton and iron induced showers with equal size
(logN, = 4.5 — 6.0), simulated by CORSIKA.




Hits and clusters of different sizes have various origins:
e Muons, passing the shielding without any interaction.

o J-electrons, created at the lower end of the shielding (seen mostly with the
muon as a pair of two neighbored hits).

e Small clusters produced by electromagnetic showers induced by pair produc-
tion of the muons or by conversion of photons from muon bremsstrahlung
or by cascading of é-electrons.

e Clusters of electromagnetic particles from surviving secondaries of hadronic
showers stopped at the calorimeter (neutrons).

e Large clusters from secondaries of hadrons with energies larger than being
absorbed by the calorimeter (Ey, > 10 TeV).

o There are rare large clusters produced by nuclear interaction of muons with
matter. With increasing muon energy the frequency of such interactions is
increasing.

In section 3 it will be shown, that multifractal moments are extremely sensi-
tive to the abundance, distribution and size of such clusters. Muons and hadrons
with energies above 1 TeV promote the appearance of particle clusters. Thus
the abundance (Fig. 4) and the distribution (Fig. 5) of shower particles with
E > 1 TeV are expected to provide signatures for the mass of the primary. Fig.
4 shows the discrimination between proton induced showers and iron induced
showers, first in the total number of high energy particles (due to the higher
primary energy at iron showers at same shower size) and secondly through the
muon-hadron number ratio. A further difference is seen in the lateral distribu-
tions of shower particles with energies > 1 TeV (Fig. 5): proton induced showers
concentrate a larger amount of energy in the innermost part (R < 2 m) of the
shower than iron induced showers do.

2.3 Response of the KASCADE Multiwire Proportional
Chambers

In order to include the response of the MWPC, at the position of the fictitious
gas detector, (see sect. 2.2), each particle is tracked in the system of the muon
chambers. Fig. 6 shows the schematic view of the 32 multiwire proportional
chambers at the basement. There are 16 stacks of two chambers each. In the
basement there are six columns of concrete. The stacks are placed around this
columns in order to get an optimal coverage of sensitive area in the center of
the basement. The detailed simulation of this setup using the GEANT code is




Muon Chambers at the Central Detector

sensitive area: 2 x 122 m?
area of basement: 20 x 16 m?

Figure 6: Schematic view of the 32 KASCADE multiwire propor-
tional chambers.

described in [12]. The detected particles in the detector system are expressed in
numbers of wires and stripes and stored in the same way as real measured data.
The simulated multiplicity of wires and stripes for one hit represents the real
behavior of the chamber response [13].

An algorithm [14] reconstructs in a first step hits (the position where parti-
cles penetrate the chambers) for every individual chamber and, in a second step,
position and angles of muons and the position of clusters by combining both
chambers of each stack {15]. A cluster is defined as an accumulation of hits in a
limited area (50 - 50 cm? in both chambers of a stack). The MWPC cover 60%
of the circular area used for the analysis of multifractal moments.

The number of muons N in the central detector at each shower is well deter-
mined with the used algorithm. The recognition of clusters and the discrimination
of é-electrons, secondary particles and ambiguities in the hit reconstruction are
working as well. But the statistics of the muon lateral distribution in individual
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Figure 7: An example of the two-dimensional density distributions
observed in the different steps of the simulation of a proton induced
shower. The circles display the used area for the calculation of
multifractal moments.
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showers are too small, and thus there are rather large fluctuations for each indi-
vidual shower group.

In order to prepare the analysis through multifractal moments of realistic

data, in a next step all reconstructed hits in both chamber layers are added to
the found muons and clusters.
In this form of presentation of measured data we have a double weight of the
muons (once as reconstructed muon, once as hit) and a single weight of all sec-
ondaries. The secondaries are complicating the reconstruction of muon numbers.
Nevertheless, there is an information of the shower development inside the den-
sity structures with regard to this secondaries.

Figs. 7 and 8 display the obtained density distributions of a proton and a
iron induced shower, respectively, in the core (R < 8 m) for all four steps of the
simulation study:

1. CORSIKA-step: all muons and hadrons above 2 GeV obtained by pure
shower simulation with CORSIKA.

2. GEANT-step: all particles from step 1 which penetrate the shielding, and
all secondaries produced in the shielding.

3. p-recomstruction: detailed reconstruction of muons and clusters from the
data seen by chambers.

4. Hit-reconstruction: reconstruction of muons and clusters and counting of
all reconstructed hits of every chamber.

The shown proton (iron) shower has a primary energy of 1.78 - 10'® eV (3.16 -
10'® eV) and a shower size of logN, = 5.33 (logN, = 5.30). It is obvious that,
first of all, the structure in the lateral density distribution is the result of clusters
originating from high-energy particles in the central detector. Differences of the
lateral particle distributions are visible in the reconstruction, if all information
for reconstruction is taken into account.

3 The Analysis of Multifractal Moments

The analysis of multifractal moments is a mathematical method to reveal and
to quantify structures of multidimensional density distributions [16, 17]. The
multifractal analysis has been successfully applied in the investigations of various
properties of different systems: for particle clustering in the high-energy inter-
actions [18, 19] as well as for the fractal structure of the Universe [20]. Also in
cosmic ray physics multifractal studies have been introduced. With data from
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the Kiel air shower experiment (4] done in the late seventies, differences in den-
sity structures of electrons of differently induced air showers have been revealed

3, 21, 22].

For a brief reminder, Fig. 9 displays two examples of hit distributions ob-
tained by shower simulations (CORSIKA) and simulations of the KASCADE
central detector (see chapt. 2).

proton induced shower iron induced shower
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Figure 9: Two examples of two-dimensional hit distributions in the
shower core obtained by EAS simulations including the detector
response.

For the calculation of the multifractal moments we divide the area of the two-
dimensional density distribution in M = 2, 4, 8, and 16 circular, equally sized
areas and determine the number of hits in each ring.

The multifractal moments G, are defined by:
M

Gq =) (k;/N)*
i=1

where M is the number of used circular areas, k; the number of hits per ring, N
the total number of hits and ¢ is a real number. The moments are calculated for
—6 < ¢ < 6. The summation is carried out over non-empty bins only.
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Figure 10: Various steps of the analysis of hit distributions by multi-
fractal moments. The multifractal dimensions of the proton shower
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If the detected particles exhibit self-similar behavior [20], the moments G, show
a power-law relation

G, ~ &7,

The exponent 7, is determined from G,. The values of the logarithm of the
multifractal moments are calculated for different numbers of circular areas (M =
2") and are shown for the two examples in Fig. 10. For determining the slope
via the formula

1 d(InG,)
Ta = n2 dv

the values between v = 1 and v = 4 have been used. The q-dependence of the
exponent 7, is also shown in Fig. 10.
A commonly used function

fla)=q-a;—1,

contains all information about differences of the structure of density distributions
[20]. This function f(a)is calculated by a Legendre transformation with o, being
the Lipschitz-Holder exponent

dr,

Qg = ——.

dg

1

In the lower part of Fig. 10 the functions a,(q) and f(a) are shown.

The minimum value of « is associated with large g-values and characterizes the
strongest singularity in the system. It is related to the proportion of the largest
hit cluster to the overall density. Related to negative g-values there is a maximum
value atpaq, which emphasizes the regions with lowest hit density in the system.
Both parameters are sensitive to the mass of the primary nucleus. There is a
direct correlation between the parameters ai, and qy,.z., respectively and the
slope of the function f(a) at different a-values. This correlation is described by
the generalized multifractal dimensions

Tq

D, =
q q"‘l

of the corresponding g-values. Consequently the further analysis of the data con-
siders the multifractal dimensions Dg and D_g as characteristic parameters.

15




4 Results of the Analysis

4.1 Simulation Results

In Fig. 11 the multifractal dimensions Dg and D_g are displayed in a two-
dimensional scatter plot. In case of the MWPC response reconstruction (steps 3
and 4) we correct the number of counted hits in different rings for the sensitive
area.

For a more compact illustration of the separation quality of the Dg - D_g dis-
tributions, we introduce a new parameter P, a linear combination of Dg and
D_g, arising from a coordinate rotation, with the abscissa defined by the points
(De = 0.5, D_¢ = 1.0) and (D¢ = 1.0, D_g = 1.5). In Fig. 12 the distribution of
the parameter P is plotted, indicating the quality of the mass separation. It is also
shown that the reconstructed lateral muon distributions alone are less indicative.
However the summed muon numbers in the first 8 m around the shower center
(the ’theoretical’ N} in case of CORSIKA and GEANT-simulations and the ’ob-
served’ N, in case of the MWPC data reconstruction) prove to be a powerful
separation quantity. The reconstructed N, of the MWPC have an uncertainty of
ca. 10 %. Fig. 13 shows the three-dimensional distribution of the shower events
in the Dg, D_¢, N;(N),) parameter space.

For showers with similar shower sizes (logN, = 5.2 — 5.7) and similar muon num-
bers (200 < N u < 300) it is seen that the multifractal dimensions and the muon
numbers are not correlated (Fig. 14).

4.2 Remarks on Extensions of the Analysis

For a more detailed understanding of the method and of the sensitivity of multi-
fractal dimensions some dependencies of the method are studied. The Figs. 15,
16, 17 show final results of the hit-reconstruction.

4.2.1 Alternatives to circular areas

Instead of 16 rings around the center one single circular ring area has been sub-
divided in 16 azimuthal sectors [21]. In this case the multifractals are sensitive to
fluctuations and the radial anisotropy of structures in the densities. This proce-
dure is useful for the examination of electron densities of high energy air showers.
Fig. 15 displays an attempt to use such sectoral structures for the simulated
showers. The used ring covers the area between R = 2 m and R = 8 m and is
divided in equally-sized sectors. The most powerful feature for mass separation
by the data of multiwire proportional chambers is the lateral distribution of the
particles with highest energies in the shower (Fig. 5). This is confirmed by the
missing separation of iron to proton induced showers in Fig. 15.
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4.2.2 1Inclined showers

All statements resulting from the analysis of showers of vertical incidence prove to
be generally valid for inclined showers. Fig. 16 shows the result of the calculation
of multifractal dimensions of 100 proton and iron induced showers each hitting the
central detector with the zenith angle of 20°. The used showers have fixed primary
energies of 1.78 - 10'® eV for the proton induced showers and 3.16 - 10'® eV for
the iron induced ones. These energy values are at the upper end of the spectrum
which is used for the vertical showers. The multifractal dimensions prove to be
slightly more sensitive due to the higher probability of cluster formation. The
separation (Fig. 16) appears to be clearer for inclined showers than for vertical
showers.

4.2.3 Estimation of the location of shower core

In all used simulations the position of the shower core is assumed to be exactly at
the center of the central detector. The determination of the location of the shower
core will be done with the array of KASCADE and for showers falling in the cen-
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Figure 16: Distribution of the multifractal dimensions of inclined
showers.

tral detector with an additional information by the hadron density observed in
the calorimeter. Calculations with slightly shifted shower centers show that an
uncertainty in the estimation of the shower core position of 1 — 2 m does not
change essentially the results for mass separation with multifractal dimensions.
At primary shower energies E > 1-10'® eV such an accuracy in core location is

expected to be reached with the KASCADE array [23].

4.2.4 Effects of the primary energy spectrum

The steeply decreasing primary energy spectrum will cause problems of the esti-
mation of the primary mass composition. Showers with similar sizes N, but from
different masses of the primaries are significantly different in the primary energy.
Thus the abundance of differently induced showers is different in measured N,
groups. In a more detailed analysis this can be remedied by the ’a-priori’ knowl-
edge on the primary energy spectrum.
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4.3 Comparison with measured KASCADE Data

The system of the multiwire proportional chambers with 28 of 32 chambers in-
stalled is in operation in a stand-alone mode since end of 1994. For triggering
with the electromagnetic component of extensive air showers the scintillation de-
tectors of the array on top of the central detector (Fig. 3) is used. The trigger
condition is a coincidence of four detectors at the corners of the Top-Cluster.
From the raw data the number and distributions of muons, number and distri-
butions of particle clusters, the multifractal dimensions, and the direction of the
shower are deduced by a detailed reconstruction procedure [15].
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Figure 17: Distribution of the multifractal dimensions of shower
data measured with the KASCADE central detector facilities.

The stand-alone system of the muon chambers is used for hard- and software
tests of the setup. Currently the location of the shower core and the shower
size N, are important missing information for the analysis of measured showers
by multifractal moments. Nevertheless, we could select 1161 from about 180000
registered showers by two simple cuts, requiring the reconstructed muon number
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N/, with values between 50 and 150 and the center of gravity of the muon pattern
positioned in a distance < 70 cm from the center of the central detector. Thus we
approach the case of simulated showers. At least 75% of the simulated showers
are within these cuts.

We conclude from this first analysis of measured data the feasibility of a useful
analysis in terms of multifractal moments for KASCADE. It additionally confirms
the correct reproduction of the KASCADE experiment by the detailed detector
simulations. The distributions of the multifractal dimensions (Fig. 17) show this
impressively. More definite conclusions on the mass composition, however, are
presently not possible due to the uncertainty in the location of the shower core.

5 Concluding Remarks

The present study explores the potential of a multifractal moments analysis of
high-energy air showers (E > 10 eV) as a source of information for mass dis-
crimination of the primaries. From EAS simulations with the CORSIKA code
and subsequent detailed detector simulation of the MWPC facility of the KAS-
CADE experiment, the MWPC arrangement (with large sensitive area and good
spatial resolution) is shown to provide data useful for an informative multifractal
moments analysis, thus establishing a new tool for studying the mass composition
of cosmic rays.

Through measurements of the hit distribution by the multiwire proportional
chambers the multifractal dimensions facilitate a discrimination between light and
heavy primary induced showers. The additional determination of the muon num-
bers (E, > 2 GeV), registered by the MWPC, enhances the separation power.
It is interesting to realize that the detector response does not obscure the es-
sential physical features of the shower appearance. The actual setup pronounces
the sensitivity to the multifractal dimensions, and the information carried by the
lateral particle distributions of the muon and hadron components, remains con-
served. We stress that throughout our study only really measurable observables
are considered and compared with theoretical EAS parameters.

Due to the excessive computer times, necessary for the detector simulation,
this study is based on relative small samples of simulated showers. This might
affect our results through the fluctuations of the high-energy particle cascading
through the calorimeter. However, we expect that an improved statistical accu-
racy would confirm the global conclusions.

Alternatively to the use of the separation parameter P a well-founded mathemat-
ical procedure of pattern recognition of the distributions would possibly lead to
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a more reliable distinction of proton and iron induced showers. Advanced tech-
niques based on Bayes decision rules [24] or with a neural network analysis, like
the recently successful analysis [25] of muon arrival time distributions, may be
used.

In a first experimental approach a comparison with data measured by the
KASCADE-MWPC detectors shows a good agreement in the multifractal pa-
rameters of simulated and measured EAS. When in near future the shower size
and the location of the shower core will be available parameters for the recon-
struction and specification of the MWPC data, a more detailed analysis towards
primary mass information appears to be rather promising. The information may
enter in a coherent analysis of a series of various shower parameters like the NV, -
N, correlation, the energy deposit of hadrons in the calorimeter, the arrival time
distributions of muons [25] etc., as a relevant signature for the mass composition
of cosmic rays.

The authors would like to thank Prof. Dr. G. Schatz for his encouragement of
studying EAS features for mass discrimination of cosmic rays primaries.
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Appendix

Lateral Distributions of the Electron Component in the
Center of High-Energy EAS

In this appendix electron density distributions for high-energy EAS, simulated
by the Monte-Carlo code CORSIKA (using the EGS4 option and displayed with
logarithmically varying bin sizes of R) are displayed. They indicate differences
of the electron component for showers induced by different mass primaries, but
they are evidently subject of large fluctuations.
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