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Result of different calculations differing
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Frequency Attenuation: Constant N -N

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

—
MNMumber of
particles MN{X)

. ~ N,oc(Eg)*?

PRL 50 (1983) 2058
PRL 70 (1993) 525
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Frequency Attenuation: Constant N -N

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

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

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




Frequency Attenuation: Constant N -N

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

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

D(0) = Dyexp[- (xo8ecO —d)/A ;|
D(0) / D(0) = expl[- (x,5ecO — 1) /A

p-air ]
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X, .. Distribution
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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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Fluctuations: k parameter

The observed absorption length 1s 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:

obs
k ﬂ’szm

lp.—air
exp
palr obs/k
oitel=k +(14.5) / N A= 2.411-10*/ & ;. [mb]

p air p-air
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EAS-TOP: Ne-Npu cuts + Xmax Distribution

Nucl. Phys. B 75 (1999) 222

3 PRD 72 (2009) 032004
<t
A~
2
—
X, X, sech % »

max

v'Fluctuation are lower if showers at maximum development are selected
v'This technique cannot always be applied .

v'Once the primary CR energy (i.e. X__ ), observation level (x,) and angular
acceptance are defined, also the accessible part of the tail of X, distribution 1s
determined. G.C. Trinchero ISVHECRI - June 29°, 2010.
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v'Once the primary CR energy (i.e. X, ), observation level (x,) and angular range are
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EAS-TOP 1989-2000

Campo Imperatore

2000 m a.s.l. 820 g.cm™
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“Low Energy 1 (E,> 1 GeV)

= Atmospheric Cerenkov Imaging
“H.E.u (E>1.3TeV) (MACRO & LVD)
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‘ Experimental data
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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
Expenment SIBYLL 2.1 QGSIET 11 QGSIET Hgnmg
U;L"}‘f;ij =406 = 1 mb !’Iﬂf;ir =400 = 1 mb ”Lﬂi: =367 = 1 mb
Analysis ”iﬂi: [mb] .-'_"nriﬂir [mb] ‘fiﬂi: [mb] "'-"”*"Lﬂi:} [mb] e’fﬂﬂir [mb] iﬁ.iri‘}f;ir [mb]
SIBYLL 2.1 419 = 12 +19 % 12 372 £ 13 +5 =13
QGSIET 11 303+ 11 —13 £ 11 inl =12 —6 =12
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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

li.’i[H:[i[IH:[]L SIBYLL 2.1 QGSIET 11 .QGS ALl gnpug
!’_J"ILU}‘_:;“ =406 * 1 mbh frﬂf;ir @ | mb fr::}ﬂir ' I mb
A

Analysis ”iﬂi: [mb] .-'_"nriﬂir [mb] ‘fiﬂi: [mb] ”Lﬂir} [mb] e’fﬂﬂir [mb] iﬁ.iri‘}f;ir [mb]
SIBYLL 2.1 419 = 12 +19 % 12 372 £ 13 +5 =13
QGSIET 11 303 =11 —-13 £ 11 inl =12 -6 =12

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



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

li.’i[H:[i[IH:[]L SIBYLL 2.1 QGSIET 11 .QGS ALl gnpug
!’_J"ILU}‘_:;“ =406 * 1 mbh frﬂf;ir @ | mb fr::}ﬂir ' I mb
A

Analysis ”iﬂi: [mb] .-'_"nriﬂir [mb] ‘fiﬂi: [mb] ”Lﬂir} [mb] e’fﬂﬂir [mb] iﬁ.iri‘}f;ir [mb]
SIBYLL 2.1 (419} 12 +19 % 12 @— 13 +5 %13
OGSIET 11 303 =11 —13 £ 11 361 =12 -6 12

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



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
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EAS-TOP p-air cross section at Vs ~ 2 TeV
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EAS-TOP: p-air <===p pp at Vs ~ 2 TeV
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Summary

*The absorption length of cosmic ray proton showers at maximum
development in the energy range E, = (1.5 +2.5) = 10 eV (i.e. at Vs
~ 2 TeV) is measured at the atmospheric depth of 820 g/cm?
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EAS-TOP p-air cross section at Vs ~ 2 TeV
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Electron Size N, Cuts
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p-air cross section at Vs~ 2 TeV
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