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Estimate of the Cosmic Ray Composition
by a Pattern Analysis of the Core of PeV EAS

A. Haungs'*, T. Antoni!, W.D. Apel!, A.F. Badea?, K. Bekk!, K. Bernlohr!, E. Bollmann', H. Bozdog?,
I.M . Brancus?, A. Chilingarian ?, K. Daumiller, P. Doll', J. Engler!, F. FeRlert, H.J. Gils!,
R. Glasstetter*, R. Haeuder', W. Hafemann!, D. Heck', J.R. Horandel* T, T. Holst!, K.-H . Kampert 4,
H.Keim!, J. Kempa’®, H.O. Klages', J. Knapp*#, H.J. Mathes', H.J. Mayer!, J. Milke!,
D. Miihlenbeg', J. OehlscHager', M. Petcu?, H. Rebel', M. Rissé, M. Roth!, G. Schatz!,
F.K. Schmidt*, T. Thouw?, H. Ulrich 1, A. Vardanyan?, B. Vulpescu?, J.H. Weber*, J. Wentz',
T. Wibig®, T. Wiegert!, D. Wochele', J. Wochele!, J. Zabierowski®, S. Zagromski',
!Forschungszentrn Karlsruhe, Institut fir Kernphysik D-76021 Karlsruhe, Germany
2Nationd Institute of Physis and Nuclea Engineeriy, RO-769 Bucharest Romania
3Cosme Ray Division, Yerevan Physi Institute, Yerevan 36, Armenia
4 Institut fir Experimente# Kernphysik University of Karlsruhe, D-76021 Karlsruhe, Germany
SDepartmen of ExperimentaPhysics University of Lodz PL-909% Lodz Poland
6 Solten Institute for Nuclea StudiesPL-909% Lodz Poland

Abstract

A systen of large-ar@ position sensitve multiwire proportiond chambes (MWPC), installed below the
hadran calorimete of the KASCADE (KArlsruhe Shower Core ard Array DEtecto) centra detecto isableto
obseve the densiy distributions of the high enegy muors ard hadrors penetratig the calorimete. By use of
aclassificatim in terms of multifractd momentsa mas sensitve parametrisatio of the densiy distributions
isgiven In combinatiom with additiond measurd parameterd.e. numbe of reconstructé muorsin the core
ard the shower size an artificial neurd net analyss leads to an estimatian of the relaive abundance of the
differert primary componergin cosmc rays in the enggy region arourd the "knee”.

1 Introduction:

The KASCADE (KArlsruhe Shower Core ard Array DEtecto) experimen (Klages et al. 1997 aims
a the determinatio of the chemic& compositiommn of cosmt rays in the enegy region arourd the so-called
"kne€’ by extengve air shower (EAS) obsevations The multi detecto arrangemetnof KASCADE allows to
measue simultaneousl obsevablesin all three chaged particle componerg of the air shower and especially
for EAS with the core inside the 300 m? centrd detecto, a measuremerof structure of the particle density
distributions in the cente by a patten analyss with multifractd moments With an eligible choo® of a
sd of sud obsevables an evert by evert classificatio of the EAS with respet to the primary mas can
be performed The resulting relaive abundance of groups of equa primary masse ard with the measured
primary enagy spectrun could help to discriminat betwea differert theories of the source acceleratia and
transpot of the chaged cosmc raysin the Galay.

2 Reconstruction of a Mass Parametea per single EAS:

21 The KASCADE Detector: The KASCADE detecto array consiss of a detecto field having an

area of 200 x 200m? and 252 detecto statiors positiona on rectangula grids with 13 m spacing Each
statian contairs liquid scintillators in stainles steé containes of 100 cm diamete with a photomultiplie on

the top for the electron-photn detection The 12 clustes in the oute (inner) region of the field contan two of

sud electron-photo detectorspositional in the diagon# of eat station while the statiors of the inne four

clustes contah four of suc detectors The oute 12 clustes are additionally equippel with muan detectors.
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These are four plastic scintillator$(- 90 - 3 cm?® each) placed under absorber material@ém lead andk cm

iron. The array provides the general EAS trigger and the data necessary for the reconstruction of the basic
EAS characteristics like electron and muon number, core location and angle of incidence.

Apart from an iron sampling calorimeter the KASCADE central detector consists of a setup of two layers
multiwire proportional chambers (MWPC), installed in the basement of the central detector. Each muon
chamber consists of three layers of crossed wires and stripes6iman thick argon-methane volume which

allow a reconstruction of the crossing point of hit particles. The particles observed with the MWPCs are
mainly muons withE,, > 2GeV, but also the "punch-through” of tails of hadron cascades in the shower
core, penetrating the iron absorberl (10 g/cn?) above. Due to the good spatial resolutiors fom) of the

MWPCs and in total a sensitive area of 122 covering more than 60 percent of a central area \Rith8 m,

the hit pattern in the shower core and, by tracking, the number of muons in the shower core can be measured
accurately, enabling a reasonable analysis of signatures for the mass of the EAS primary (Haungs et al. 1996).

2.2 Observables: For this analysis the relevant parameters reconstructed for each registered shower
from the data of the field array are: the core location, the
arrival direction of the shower, the shower sixg (total _ .,

number of electrons), and the so-called truncated muok © trocked muons (58)
number N, The latter is the content of muons with ) recolsm‘ded hits (271)

E, > 250MeV in the limited range of the lateral dis- s b ° .. ° o’
tribution in the distance 0t0 m - 200 m from the shower & . ®e :
center. The reconstruction of the data from the MWPC . ©. 5 @
system provides the tracks of muons above a threshold of : © o % © @ o
2 GeV (V;) and a hit pattern: number and spatial dis- @, M 1{ .. f.-". Q‘,
tribution of muons and of produced secondaries (Figure ) © % °® ¥ e
1). The analysis of this hit pattern in terms of multifractal 8,5' ,o' e © ae
moments leads to two generalized multifractal dimensions %0 .0 go )

D¢ and D_g (Haungs et al. 1996, Haungs et al. 1998), °% a ¢

which characterizes the positions and sizes (number of ] * |re.co.ns.tr:m;[efj ?olrel L

secondaries in the MWPC) of the high-energy (punch-
through) hadrons, the lateral distributions of muons and
secondaries and the degree of fluctuations in the pattern,
i.e. in the shower core. High-energ¥ifim > 10'5 eV)

and central Reore < 5 m from the center of the MWPC
system) showers are enriched by cutsl\(j;f and of the °
estimated core location; around 2500 measured ShOWgIl

-10

are available for the analysis of the structure of the showgk”ded'

core.
2.3 Simulations:
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Figure 1. Example of a typical hit density dis-
tribution measured by the MWPC system. Ad-
g’onally the positions of tracked muons are in-

For detailed studies first a set of EAS, simulated for the KASCADE observation level

(110m a.s.l.), has been prepared using the Monte Carlo air shower simulation program CORSIKA (Heck et
al. 1998), which includes different packages of high-energy interaction models like VENUS and QGSJET.
The simulation calculations cover the energy rangef eV - 10'6 eV for five different mass groups with

isotropic incidence. Showers of different primary masses have different longitudinal developments in the
atmosphere leading to different lateral distributions in the shower core (Figure 2). Detector effects and fluc-
tuations smear out this signal, but still the different structure remains in the data of the MWPC system. The

response of all KASCADE detector systems to the EAS components has been determined by simulations us-
ing the GEANT code. The output of the simulations is stored in the same way as the measured data, therefore
measured and simulated data can be reconstructed with the same procedures.
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Figure 2. Average muon density and hadronic energy density of proton and iron induced showers in the
inner region: CORSIKA (QGSJet) simulations taking into account the energy spectrum above 1 PeV with an
isotropic shower incidence.

2.4 Classification: Using five experimentally determined mass sensitive observables for each
shower (shower sizeN., number of tracked muons in the MWPC systei”, generalized
multifractal dimensionsDg and

D_g, and the zenith angle of the @ 1
shower direction®) as input pa- < 0.9} based on QGSJet model —e— ’light”
rameters, a simple artificial neu-.gs 0.8} -A- "medium”
ral network is constructed. The € 0.7} --B- "heavy”
net reduces the five parameters tog 0.6}
one parameter, representing prob—"_U 0.5F
ability of the primary mass. The @ 4 4

net is trained by simulated proton, G g 3} = 7" A L ST Ao, ,

oxygen and iron showers, which g 0.2} W---.. a.. "4'---'-,»*

are generated on the basis of the® o1l Bk LTS . '."

QGSJet model, fulfiling the se- —~ | | | | |
lection cuts and following a flat- 3.6 3.8 4 4.2 4.4 4.6
tened power law spectrum and an |g N

isotropical distribution of the ar-

rival directions up to40°. After i . ) .
the training independent sampleéz'gure 3: Relative abundances of different mass groups of primary cos-
of simulated and measured show MiC rays in the energy region around the kneeV," ~ 4.1), analyzed

ers are classified according to this®" the basis of the interaction model QGSJet. The error bars contain the

mass parameter. statistics of both, data and simulations.

3 The Chemical Composition:

For exploring the variation of the mass composition, the mass parameter distributions have been spec-
ified by different ranges of the truncated muon number. Using the simulated distributions a misclassifica-
tion matrix hgas been calculated and the relative abundances of the three mass groups (light, medium and
heavy) have been reconstructed for eA(jﬁ—range (Figure 3). Simulations have been shown, that primary
Helium and Silicon nuclei in the present analysis are be representated by the light and heavy group, respec-



tively. For transforming the variation from the muon num-
ber into the primary energy of the particles, the linear d%l QGSJet
pendence oth;iT from [gE, above the selection thresh—r_34'5’ ,
old of [gN!" > 3.5 is adopted (Figure 4). The fair in- **
dependence of such a relation from the primary mass re- ##?

duces the systematic error of such a simple transforma- 4} .
tion. Figure 5 shows the mean logarithmic mass of the u
primary cosmic rays versus the primary energy as a re- .k ?
sult of this analysis. For the "light” group an average A | - ??
of 2.5 is assumed, for the "medium” group A=14 and for o ?
the "heavy” group A=42. A comparable analysis based on * * # #

the VENUS interaction model show a variance in the final ¥ ]

result of aroundl0%. By replacing the fractal parame- 3 Ca. iygen induced shower
ters in the neural net by hadronic parameters like number 516 5i8 é 612 614 616 6“8 2

of reconstructed hadrons aboi®) GeV, and the sum of lg (E OlGeV)

the reconstructed energy of this hadrons, a conspicuous

increasing of the mean mass is resulting. This corrob-

orates the suspicion of an insufficient description by thigigure 4. Dependence of the "energy estima-
high-energy hadronic interaction models in the extrerd®” N,/ from the primary energy for different
forward direction (see Antoni et al. 1999). However jrPfimary masses, based on the interaction model
the analysis of all shower variables in all analyses the teRGSJet including the detector simulation as well
dency to increasing heavy primaries after with a slightl{*S all selection cuts. The error bars indicate the

—&— Proton induced shower

decreasing just before the "knee” is seen. spread ofV,;" for each energy range.
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Figure 5: Mean of the logarithmic mass versus the primary energy. The position of the knee as estimated by
the KASCADE experiment, is indicated.
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