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The origin of galactic cosmic rays
Resolution for composition measurements
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Extensive air showers — Energy and Mass .
Simple Heitler model of (hadronic) showers m

Primary mass:
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Source Abundances of Refractery Cosmic—Ray Nuclides
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Transition Radiation Array for Cosmic Energetic Radlatlon

Ft. Sumner, New Mexico
1day 1999 ~ !

Direct measurement of the composition of cosmic rays from

0.5 t0 10,000 GeV/amu with single elemental resolution
Combined responses for energy measurements over 4 decades:
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TRACER Energy Spectra for individual elements
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TRACER Energy Spectra for individual elements
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log €, eV
H. Volk & E.G. Berezhko, A&A 451 (2006) 981

1st order Fermi acceleration
maximum energy
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supernova remnants
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Fermi acceleration
finite lifetime of shock front:
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mass dependent
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Leakage from Galaxy
escape probability ~ f(Z)
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Interactions with
background particles
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_ N T New particle physics in
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T. Antoni et al, Nucl. Instr. & Meth. A 513 (2004) 490




Two dimensional shower size spectrum Ig N, vs. Ig N
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KASCADE: Energy spectra for elemental groups
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Knee caused by cut-off for light elements

Astrophysical interpretation limited by
description of interactions in the atmosphere

Phys. 24 (2005) 1



KASCADE: Energy spectra for elemental groups Il
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Muon production height - KASCADE muon tracking detector
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Transition to extragalactic CR component
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KASCADE
GRANDE Array
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KASCADE-Grande First Results
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KASCADE-Grande Anisotropy Studies

preliminary
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LOPES
first signals
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LOPES - KASCADE-Grande dependence of radio signal on ..
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orlgln of galactic cosmic rays

Galactic cosmic rays:

*Most likely accelerated in supernova remnants

‘Knee caused by cut-off for light elements

‘Most likely, knee due to combination of acceleration and
propagation processes, exotic ideas most likely excluded

-Astrophysical interpretation of air shower data limited by
understanding of hadronic interactions in atmosphere

-Qualitative agreement of data with ,,standard picture
However, details not yet clear

Transition region to extragalactic CRs:

‘Key experiments take data/are under construction
‘Interesting results expected in next five years
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