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Cosmic Rays around the knee:

¥ . « .
What is the origin of the knee(s)?
\\\\
\K energy ?
\ mass ?

arrival directions ?
interaction mechanism ?

=> large number
of observables

[
=
=

= multi-detector system

[
=

Compilation from M.Teshima (1993)
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F KASCADE-Grande
= KArlsruhe Shower Core and Array DEtector + Grande

Measurements of air showers in the energy range E, =100 TeV - 1 EeV
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F KASCADE :
multi-parameter measurements

- energy range 100 TeV — 80 PeV
- up to 2003: 4-107 EAS triggers
- large number of observables:
=> electrons
= MUONS (@ 4 threshold energies)
= hadrons
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- KASCADE data

urpjojun

no. of showers

KASCADE: energy spectra of single mass groups

Measurement:

KASCADE array data

900 days; 0-18° zenith angle
0-91 m core distance

Ilg N, >4.8;1g N," > 3.6

=» 685868 events

Searched:
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E and A of the Cosmic Ray
Particles

N.and N for each single event

=» solve the inverse problem

‘gw} - [ Ky, m}p{m}dml

with y=(Ng,N ) and x=(E,A)
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F KASCADE result: influence on hadronic interaction model

same unfolding but based on two different interaction models:
SIBYLL 2.1 and QGSJETO1 (both with GHEISHA 2002)

SI BYI—L B sumof all QGS\] Et B sumofall
' preliminary @ proton ol p;'gffm i1na ry ® proton
~ N A helium L A helium
tﬂ:.; I Smnm HE Eg carbon l of L1 N % * carbon
- u 9 . Y silicon A T A u [ ] B Y silicon
"‘.'m fﬂa X & B i * iron 3 & A A ! i iron
s [ A E S ErTT I *i ) AAC
P T T i T
§ :;"— TLIL k%, l C  xala i -
e ; - i . T L T e T 17 [ Wi :
'n - ® & B T L . gt j; T
‘II-I i J_ ¥ L T 1 | 1 + 1 L 0 < ° L 1 T+ 1 1
Wil HT P IREIIRELD
W 4oL I l; : T*iI Lol [
L 1 41 L b
| e . T Ll 14 \ AR R sl L L% dabl
10° 107 10° 10° 107 10°
primary energy E , [GeV] primary energy E , [GeV]

April, 30 2005 — Aspen, Colorado Andreas Haungs — KASCADE-Grande Collaboration "Physics from the Knee to the Ankle”



F KASCADE result: sensitivity to
hadronic interaction models
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Main results keep stable independent of method or model:
-) knee caused by light primaries

-) positions of knee vary with primary elemental group

-) no (interaction) model can describe the data consistently

KASCADE collaboration, Astroparticle Physics (2005), accepted
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KASCADE data analyses:

shower observable correlations

E, > 50 GeV
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correlation of observables:
no hadronic interaction model describes data consistently !

tr
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Example:
hadrons vs. muons

=> tests and tuning of hadronic interaction models !

=>» close co-operation with model builders
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Comparison with direct measurements

recent highlights of KASCADE data analyses

Reconstruction of the
primary cosmic ray proton spectrum
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F Motivation for KASCADE-Grande

Equivalent c.m. energy \Em (GeV)
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F KASCADE-Grande :
multi-parameter measurements

KASCADE + Grande
=>energy range:

100 TeV — 1 EeV
=>large area: 0.5 km?
=2 Grande: 37x10 m2scintillators
=>Piccolo: trigger array
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F KASCADE-Grande :
Status

e COmmon events
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KASCADE-Grande :
Status

KASCADE
electron detectors
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1) core position and angle-of-incidence

KASCADE-Grande :
Reconstruction

from Grande array data

>

2a) shower size (charged particles)
from Grande array data

2b) muon number
from KASCADE muon detectors

>

3) electron number
from Grande by subtraction of muon content

>

4) two dimensional size spectrum
for the analysis
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KASCADE-Grande :

Reconstruction

Monte-Carlo
studies:

=>

Sufficient
reconstruction
accuracies for
-core

-direction
-shower size, and
-muon number
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F KASCADE-Grande :
lateral distributions

=>Averaged electron lateral distribution
=»Averaged muon lateral distribution per ="
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number of showers N

number of showers N

1 electron size

KASCADE-Grande :
first analyses
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KASCADE-Grande :
Size spectra

1-dimensional shower size spectra after ~1 year of Grande measurements
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F KASCADE-Grande :
muon density measurements

—— lonisation chambers — Top cluster Iron, . .
Higer: gl \ - sm-emﬂ redundant shower information
= = e enables Monte-Carlo tests !
1 -=>

Sensitive parameters for consistency
& checks of the simulated air-shower
’ 20m > development up to 10178 eV primary
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F KASCADE-Grande :
Flash ADC system

» Flash-ADC system for the Grande array

with optical links and a ring buffer system
=>» self triggering =» full signal information of the detectors
=» high time resolution =¥ intrinsic electron muon separation

Detector Hut | DAQ Station 5 r
2 C Peak position 1264 +0.3
KASCADE Grande Timestamp g i B Width 1263 +04
£e 3 - free running (~80 sec)
“' .‘ § C
RING ) __
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L L ]
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integrated (144ns) ADC signal (4ns x 0.25mV)

=>High precision data from Grande array
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F KASCADE-Grande :
Radio shower detection

LOPES collaboration:
-) KASCADE-Grande
-) U Nijmegen, NL

-) MPIfR Bonn, D

-) Astron, NL

-) IPE, FZK, D

edeflection of
electron-positron pairs

in the Earth‘s magnetic field
=>coherent emission

at low frequencies R T e g Ty

*with radio detection RSl
= see shower development = arat
= observe 24 hrs/day

* 30 dipole antennas at KASCADE-Grande
e calibration of radio emission

» theory of radio emission and implementation in CORSIKA

e improvement/optimisation hardware (for application in Auger)
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F LOPES : o =
Radio shower detection SRR

(1) Evenl1073867291-10101 2 :;,I* T ' .
=31 X
. + sum of - \\Q‘?}'
[ electric 251 0 \\
fields oA 90
¥ 5| g 18 O ]
[k 5.6 \(9 58 6
é . log {muon number)
T
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trigger: >10/16 cluster of
. I KASCADE ( E, > 10%¢ eV)
S AU
Tne st =>» sample of events for
Event analysis detailed analysis

=» upgrade to 30 antennas
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F

«Single element spectra reconstruction is possible by EAS measurements (KASCADE)
= Knee is caused by light primary elements, cosmic rays are isotropic around the knee
sData distributions are not consistent with Monte Carlo predictions

=» Interaction models have to be further improved

KASCADE-Grande :
Summary
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KASCADE-Grande will cover whole ,,knee* range to find the ,,iron*“-knee !
*Radio detection as new technique for UHECR measurements

April, 30 2005 — Aspen, Colorado Andreas Haungs — KASCADE-Grande Collaboration “Physics from the Knee to the Ankle”



F

Institut fir Kernphysik
KAS CADE 'G ran de Forschungszentrum and University of Karlsruhe
Collaboration T. Antoni, W.D. Apel, F. Badea, K. Bekk, H. Bliimer, H. Bozdog,

K. Daumiller, P. Doll, R. Engel, J. Engler, F. FeBler, H.J. Gils,
A. Haungs, D. Heck, J.R. Horandel, H.O. Klages, G. Maier,
H.-J. Mathes, H.J. Mayer, C. Meurer, J. Milke, M. Mdller,

R. Obenland, J. Oehlschildger, S. Ostapchenko, T. Pierog,

S. Plewnia, H. Rebel, M. Roth, H. Schieler, J. Scholz, M.Stiimpert,
H. Ulrich, J. van Buren, A. Weindl, J. Wochele, S. Zagromski

Universitdt Siegen
Experimentelle Teilchenphysik

M. Briiggemann, P. Buchholz,

C. Grupen, Y. Kolotaev, S.0ver,
W. Walkowiak, D. Zimmermann,

=FEN  ESTONLA
RUSS1A

LATVIA
i Soltan Institute for
Universitit Wuppertal S Nuclear Studies, Lodz
Fachbereich Physik A. Risse, J. Zabierowski
R. Glasstetter, K-H. Kampert T iy
AL TRIA
SWITZERLAND HUNGARY
Poans L
ITALY B ARy
II_’SI, C_:NR ] Institute of Physics and Nuclear

and University of Torino ochtermanean Sos GREECE

Ingeneering, Bucharest

M. Bertaina, A. Chiavassa,
P. Ghia, C. Morello,
G. Navarra, F. Di Pierro,
G. Trinchero, S. Valchierotti

A. Bercuci, |.M. Brancus,
B. Mitrica, M. Petcu,
0.Sima, G.Toma

April, 30 2005 — Aspen, Colorado Andreas Haungs — KASCADE-Grande Collaboration "Physics from the Knee to the Ankle”



