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The interpretation of EAS
measurements rely on simulation
based on Hadronic Interaction
Models which exhibit large
differences at the highest energies
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o rand o' are related (Glauber)
Result of different calculations differing
~20% around \s=2 TeV



| Smoothed shower E = 3e+09
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X, .. Distribution

Fly’s Eye PRL 52 (1984) 1380
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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 X, =727 £ 33 g cm?
give the best fit.
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Frequency Attenuation: Constant N -N

Primary Energy E, selected

atmospheric depth X (g/em?)

by using muon number

E) <E<E, mmp N, ;<N <N,

—
MNMumber of
particles MN{X)

NMOC(EO)OQ



Frequency Attenuation: Constant N -N

Primary Energy E, selected
by using muon number
E) <E<E, mmp N, ;<N <N,

Shower development stage (age)
selected by using shower size

Ne,l <N e< Ne,2




Frequency Attenuation: Constant N -N

Primary Energy E, selected
by using muon number
E) <E<E, mmp N, ;<N <N,

Shower development stage (age)
| selected by using shower size
‘ Ne,l <N S Ne,2

D(0) = oexpl- (xosecO — d)/Ay, ;| PRL 50 (1983) 2058
D(0) / D(0) = exp[- (x,50c0 — 1) /i PRL 70 (1993) 2058

p-air ]




Fluctuations: Kk parameter

The observed absorption length 1s affected by fluctuations in the
longitudinal development of cascades and in the detector response.
The k parameteris obtained from simulation and accounts
for all fluctuations:
obs
o

p—air
Im
cXp _exp
}\“pair obs/k
cinel=k +(14.5) / N A= 2.411-10*/ & ;. [mb]

p air p-air



EAS (@ Max Development
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a5 a funcron of NV, . Histograms correspond to showers simmlated
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FIG. 6: Zenith angle dependence of the intensity of proton-
induced showers having constant log,, N, = 5.25 — 5.45 and
constant log,, N, for different values of log,, N.. Empty
2, V. = 6.8-7.0, filled squares log, , N. = 7.0-7.2,
empty circles log,, N. = 7.2— 7.4 and filled circles log,, N. =
T4 — 7.6. Showers were simulated with SIEYLL 2.1. The
points are joined by straight lines to guide the eye. To avoid
overlapping, the results for different N_ bins were multiplied
by different arbitrary factors.
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J.Alvarez-Muniz et al., Phys. Rev D 66, 123004



EAS (@ Max Development

Cefechor |ewe=

Atmospheric Depth

Fluctuation are lower if showers at maximum development are selected
This technique connot be applied by all ground based array experiments.

Once the primary CR energy (1.e. X,,,), observation level (h,) and angular range are
defined, also the part of the X, distribution that can be used 1s fixed.
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EAS-TOP p-air cross section at Vs~ 2 TeV
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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 1s reconstructed with a model that
differs from the one used to produce the simulated

datasets
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Systematic Uncertainties
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ARGO-YBJ p-air cross section

Vs = 70 GeV + 500 GeV
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HiRes p-air cross section at Vs ~ 80 TeV




HiRes p-air cross section at Vs ~ 70 TeV
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HiRes p-air cross section at Vs ~ 70 TeV

X,.x E=18.5 p He Fe QGSJet

X, E=18.5 p gamma QGSJet

Entries 1580
Mean 751.2
RMS  68.93

a L A i
10400 500 600 700 800 900 10001100120013001400 10400 500 60D 700 BOO 900 10001100120013001400
X nax (@/cm?)

X, (glem?)
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the Xmax distribution;

He and gamma has to be taken into account;




HiRes p-air cross section at Vs ~ 70 TeV
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