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Xmax
 

Distribution

Fly’s Eye  PRL 52 (1984) 1380

Fig. 1 An extensive air shower that survives all data cuts.  
The curve is a GaisserHillas

 

shower-development function: 
shower parameters E=1.3 EeV

 

and Xmax

 

=727 ± 33 g cm-2

 
give the best fit.



G.C. Trinchero ISVHECRI - June 29°, 2010.                .

airp
sim

obs
simk −= λ

λ

σinel
 

= k
 

·(14.5) / N ·λobs
 

= 2.411·104
 

/ λp-air [mb]p-air

exp exp
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The observed absorption length is affected by fluctuations in the 
longitudinal development of cascades  and in the detector response.
The   k

 
parameter is  obtained from simulation and accounts 

for all fluctuations:

Fluctuations: k parameter
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EAS-TOP: Ne-Nµ
 

cuts
 

+ Xmax
 

Distribution

Fluctuation are lower if  showers at maximum  development are selected 
This technique cannot  always be applied .
Once the primary CR energy (i.e. Xmax), observation level (x0) and angular 

acceptance are defined, also the accessible part of the tail of Xmax distribution  is 
determined.
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Heavier Primaries
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Systematic Uncertainties

In order to determine the systematic uncertainties due 
to the analysis procedure (e.g. HE interaction model), 
the cross section is reconstructed with a model that 
differs from the one used to  produce the simulated 
datasets  
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EAS-TOP
 

p-air cross section
 

at √s ≈
 

2 TeV

inelσp-air = 338±21stat
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mb
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at √s ≈
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The absorption length of cosmic ray proton showers at maximum 
development in the energy range E0 = (1.5 ÷ 2.5) ・ 1015 eV (i.e. at √s 
≈ 2 TeV) is measured at the atmospheric depth of 820 g/cm2

Summary

inelσp-air = 338±21stat

 

±19syst

 

- 29syst(He)

 

mb

This value is about 20% 
smaller than the values in use 
within most used hadronic
interaction models
Deeper shower penetration 

in the atmosphere with 
respect to the predictions of 
the interaction models

sim

 

exp
λobs < λobs
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Outlook

Auger
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Shower Max Selection
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et al., Phys. Rev D 66, 123004
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Event Selection

E0 selection (using muon
number) does not modify
the average depth of first 
interactionTop of the atmosphere

EAS-TOP

Selection criteria
 provide events with 

deeper interaction in the 
atmosphere with 
increasing zenith angle

QGSJet01
Perfect selection
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p-air cross section  at √s ≈  2 TeV

inelσp-air = 365±24(stat)-28(sys)
 

mb
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