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Cosmic ray spectra

Repitition: CR are 90% protons, 9% a-particles
and 1% others

Scientific American, {c) 19938
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Particles Iin air shower

Top of the atmosphere
P P p Proton collides with an

/ atmosphere molecule.
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Extensive Air Showers



Measuring cosmic ray air showers

«t——— First interaction (usually several 10 km high)

Afr shower evolves (particles are created

= and most of them later stop or decay)
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Measurement of
fluorescence l[ght

Some of the particles

ly'sE
Measurement of Cherenkov <>—— resch the ground (Fly’s Eye)
light with telescopes l;
Measurement with scintillation counters J
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ii / .. Measurement of low-energy muons
with scintillation or tracking detectors
Measurement of particles
with tracking detectors
(with drift chambers or Measurement of high-energy
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Different ways of air shower detection

« Air shower arrays:

« CASA, GAMMA, KASCADE, ...
e Cherenkov detectors:

« MILAGRO, VERITAS, IAC, ...
e Fluorescence experiments:
* Fly's Eye, ASHRA, HiRes, ...
« Radioantennas:
 LOFAR, LOPES, KASCADE, ...



Observatories and experiments

* Ground Experiments:

 The Fly's Eye, CHICOS, GAMMA,...
» Satellite Experiments:

« PAMELA, Voyager, Cassini-Huygens,...
* Balloon Experiments:

e BESS, ATIC, TRACER, BOOMERanG,...
» Ultra high energy cosmic rays:

« MARIACHI, LOPES, AGASA,...



The Fly's Eye
(1981-1993)
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MILAGRO

Multiple Institution Los
Alamos Gamma Ray
Observatory




LOFAR

Low Frequency
Array

CR event 1307920753.23 -32.7 ns
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Circles: LOFAR antennas, Pentagons: LORA particle detectors, size denotes signal strength

LORA - LOFAR Radboud
Air Shower Array




Summary
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Air Cherenkov

EAS Arrays

MILAGRO

MNon-Hadronic Gamma Rays
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