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muon tracking detector

_soilshilding KASCADE - a multiple detector setup
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KASCADE array

determination of electron number,
muon number, shower core and
angle of incidence of air shower
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air shower event in the KASCADE array

in reality: ~
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particle density [m 7]
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determination of particle number (shower size)

— fit of lateral particle densities
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fit of lateral particle densities with
NKG function: (Nishimura, Kamata, Greisen) *

a f
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PX(T) = 2#7352 T(s)T(4.5 — 5) (7“ ) (1 + 7“_> distance r to shower core [m]
N m m
for electrons: Ty =89 m KASCADE speciality:
for muons: rm = 420 m truncated muon number: N ff'

(s not variable, function of N, ) number of muons within 40 m to 200 m distance from

shower core

core region. punch through by high energy gammas

theoretical form of muon lateral distribution not known
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application of unfolding algorithms
/4 (Gold-, Bayes, reduced entropy method)

dJ 100 dJA C tr
— lg N, lg N, | 1g B) dlg E
dig N, dig N" C%/_oo d1g B LalleNe, I8Ny | lg B)dlg

5 primary particle types: H, He, C, Si, Fe

Strategy:

determination by simulations (CORSIKA V6.018 and V6.3)

l

simulations at fixed energies using thinned showers,
parameterization of shower fluctuations and their

energy dependence high energy hadronic interaction

—»—  models used for the simulations.

parameterization of detector response and reconstruction QGSJet 01, QGSJet 11, SIBYLL 2.1

properties using full simulated showers

low energy interaction model: GHEISHA (for QGSJet 01 and SIBYLL) and FLUKA (for QGSJet 11)



probability D 4 itself is an integral
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Which term is dominating? Sensitive to shower fluctuations?



electron number 0.5 PeV, OGSJet
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Checks of detector-MC/reconstruction: Description of detectors by Monte Carlo
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Checks of detector-MC/reconstruction:
checkerboard analysis ...

angular resolution [°]

analyse same showers with black and white detectors

compare results

— good agreement between data and Monte Carlo
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Checks of detector-MC/reconstruction:
Comparison of mean lateral distributions
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back to the analysis ...... results!
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Result of unfolding analysis: all-particle energy spectrum

5 assumed primary particle types: H, He, C, Si, Fe
3 different hadronic interaction models (QGSJet 01, OGSJet 11, and SIBYLL 2.1)
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Comparison of results - individual energy spectra (1)

light elements H, He, C

~ 107¢ -
N’A - 0GSJet 01 0OGSJet 11 E SIBYLL 2.1
N i B
O  SmEmgm I
5 Feet e, .-TT llltlll-A 2 ‘II‘.=“AAA
~ = ALReq. Tan; . ®o0o0 mha s - u . A
“ - A e AT 2l A ° N ‘o000 6 - g fA
N CALL &Y . T oaAA - "%, m A
E]()Z? ?% ] 4 oAs = .o—.iTTL?TTll 2 léTlT T; lIlA
" c .l ¢ .l] * T W » :A - - .T.T.} t I
~ C l. .Tr | C l.
&3] R lT ] lT | ® L 11 i. A
S I .l 4 o " - e proton ]
L () roton
S 10F proton I p . A = m helium ‘ LN
S - B helium B jelium . - i
i A carbon A carbon i A carbon
1\ L i | \\ ! | Lo | I PR
10° 107 10 10° 107 10° 10° 107

energy E [GeV]

energy E [GeV]

knee visible in all cases, composition below knee dominated by helium

10°
energy E [GeV]




statistical uncertainties.

at low energies domiated by Monte Carlo statistics

at high energies dominated by no. of measured showers

systematic uncertainties:
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Comparisons of results - individual energy spectra (2)

spectra of heavy elements, Si and Fe
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OGSJet 01 - result
Description of data

forward folding of solution with

calculated probabilities, calculation
of how the data would look like

comparison between calculated
and measured data: y?

N
IIII|IIII|IIII|IIII|

2

n
contribution

]

no. of showers

4<IgN,/<4.1

® measured
— sum of all
— H
— He
— C
— Si
— Fe
A1 |
6.5 7
Ig Ne

4.5

no. of showers

10

1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 0
5 5.5 6 6.5

tr.
lg Nu

[T T IIIIII|

485<Ig Nyi<495

® measured
— sum of all




OGSJet II - result
Description of data

forward folding of solution with
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Simulation and data ... hints to the problem

lines: .
most probable values of i
correlated shower sizes =
(maximum of distribution)
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iron too close to heavy edge,
proton too far from light edge
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higher energies: iron too far from heavy edge and end like QGSJet ?



Conclusions so far ...

possible to determine individual energy spectra by air shower data

knee at approx. 4 PeV in all-particle spectrum
composition gets heavier across knee, individual spectra exhibit knees

result for relative abundances
dependent on used interaction
model

B KASACDE, QGSJet 01 analysis
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OGSJet 01, QGSJet 11, and 10° . ® KASACDE, SIBYLL 2.1 analysis
SIBYLL 2.1 can't describe whole - 2 BESSS T
data range - % Caprice

analysis continues with new :
interaction models -
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