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New Views of the Universe December 8t — 13", 2005, Chicago

From the Knee to the toes:
The challenge of cosmic-ray composition
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International Cosmic-Ray Conference, Chicago, 1939
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P. Auger
Jungfraujoch

Measvrivg Cosmic Ravs v tae Swiss Anps

. The author (left) and his collaborator, P, Ehrenfest, set up their apparatus
in the Jungfraujoch.
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P. Auger et al., Comptes renduz 206 (1938) 1721
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P. Auger

Barroonx Frigar oF JANuary, 1943, CoNnpucTED BY THE AUTHOR, SCHEIN,

AND R0GOZINSKI FOR THE MEASUREMENT OF EXTENSIVE (OR
AUGER-) SHOWERS IN THE STRATOSPHERE

A. The balloons are assembled on Stagg Field at the University of Chicago, Chi-
cago, Illinois. In the foreground can be seen the long frame which was required for
the wide separation of the cosmic-ray counters.

B. The large cluster of balloons as it is about to be released.

C. The balloon train sails into the sky after its release. Suspended below the
balloons is the frame supporting the counters and recording apparatus.
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KASCADE: Test of Interaction models
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Sources

extensive air showers
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KASCADE: Small scale anisotropy — point source search
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acceleration of CR in
- supernova remnants.

Propagation

extensive air showers
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Propagation pathlength in Galaxy
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Anisotropy amplitude vs energy
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p-air cross section

P-p Cross section
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p-air cross section

Average depth of shower maximum
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Primary proton spectrum
reconstructed from unaccompanied hadrons
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Two dimensional shower size spectrum Ig N, vs. Ig N

L
> 8 S
an o KASCADE =
— — I{f =
75 "S,
i =
ol )
? - . A s Eik > er ﬁ
ﬁj :_ ........... 5
N 10
S L . e Hyvdrogen
) — & Helium
""""" * Carbon 10
5.5 v Silicon
m [ron
Sk, . I
1 1 | | | | 1 | | 1 | 1 | | | 1 1 | | | 1 | 1
4 4.5 5 5.5 0 6.5
lg N'"

ﬁ> derive E, and A from N, and N data u

Q> Fredholm integral equations of 1st kind:

0,(IgN,,IgN,) = [t,(gN,.lgN,, | E)p,(E)dE
M Roth et al, 28" ICRC, Tsukuba 1 (2003) 139



All-particle energy spectrum e

two hadronic interaction models:
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KASCADE: Energy spectra for elemental groups
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KASCADE
GRANDE Array

37 detector stations

ASCADE
Jm x 200 m

370 m? ely:
Scintillation counter
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KASCADE-Grande — Ng-N, correlation
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Radio emission from air showers - LOPES

Coherent emission of synchroton radiation
In geomagnetic field
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LOPES
first signals
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Radio signal — dependence on

angle with respect to number of muons
geomagnetic field (l.e. primary energy)
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Hadrons at high altitude = surviving protons

calorimeter @ 500 g/cm?  1PeV:~6.5A\

320 m2 sr m) 0.5 m2sr effective

iIdeal: combination with air Cerenkov detector for calibration
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New Views of the Universe December 8t — 13", 2005, Chicago

From the Knee to the toes:
The challenge of cosmic-ray composition

Status:
*Description of interactions in atmosphere improved
Mean mass increases as function of energy (knee region)
*Knee is caused by subsequential cut-offs for individual elements
*Astrophysical interpretation of EAS measurements limited by
understanding of interactions in the atmosphere

Perspectives:

*KASCADE-Grande (2nd knee) galactic > extragalactic
L OPES (radio signals) 1018 eV

eRadio in AUGER >1020 eV

direct €= indirect

eHadrons at large altitude = Proton spectrum
1015 eV
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