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From air shower data to the energy spectrum
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From air shower data to the energy spectrum
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From air shower data to the energy spectrum
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• surface detector: high statistics, geometrical exposure
• (golden) hybrid events: reliable energy estimation



The surface detector energy spectrum
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Extending the energy range with hybrid events
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Extending the energy range with hybrid events

log(E/eV)
17.4 17.6 17.8 18 18.2 18.4 18.6 18.8 19

tr
ig

g
er

 p
ro

b
ab

ili
ty

0

0.2

0.4

0.6

0.8

1

proton
iron
mixed composition

D. Allard et al., ICRC 2005

lg(E/eV)
17 17.5 18 18.5 19 19.5

R
el

at
iv

e 
T

ri
g

g
er

 P
ro

b
ab

ili
ty

0

0.2

0.4

0.6

0.8

1

iron
proton

L. Perrone et al., ICRC 2007



Hybrid Exposure

• atmospheric conditions (aerosols, clouds, bg. light, . . . )
• detector status (construction, duty cycle, . . . )
• primary energy (higher E → more light → larger exposure)
• . . .
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Hybrid Exposure

• atmospheric conditions (aerosols, clouds, bg. light, . . . )
• detector status (construction, duty cycle, . . . )
• primary energy (higher E → more light → larger exposure)
• . . .
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Hybrid Exposure

Time dependent detector MC: REALMC
• reproduce actual data taking conditions

• ontime information of all detector parts
• trigger thresholds (single PMT level)
• measured atmospheric conditions
• . . .

• scan large parameter space
• detection time
• primary energy
• primary mass
• air shower geometry
• (hadronic interaction models)



Exposures
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Spectral features



The combined Auger energy spectrum



Combined Auger spectrum: Model comparison
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• seems disfavored by mass composition data

model data adapted from D. Allard et al., arXiv:0805.4779 to appear in JCAP



Combined Auger spectrum: Model comparison
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Summary

UHECR energy spectrum of the Pierre Auger Observatory

• hybrid approach
• energy calibration for high statistics surface detector
• extending the accessible energy range

• measurement of the ankle and the flux suppression

Outlook
• highest energies + full sky coverage: Auger-North
• lower energies: HEAT + surface detector infill



High Elevation Auger Telescopes

HEAT

Coihueco
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