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Cosmic Ray Energy Scale
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Equivalent c.m. energy \'s,, [GeV]
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Equivalent c.m. energy \'s,, [GeV]
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Glauber Formalism
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The Slope/Proton-Proton Cross Section Plane
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Resulting Proton-Air Cross Section

Equivalent c.m. energy \'s,, [GeV]
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The Extrapolation to Cosmic Ray Energies
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Extensive Air Showers
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Interpretation of (X,.x)-data
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Interpretation of (X,.x)-data
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Interpretation of (X,.x)-data
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Interpretation of (X,.x)-data
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Interpretation of (X,.x)-data
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Interpretation of (X,.x)-data
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Interpretation of (X,.x)-data
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Interpretation of (X,.x)-data
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Principle of N.—N, Technique

— Attenuation of shower cascades in the atmosphere

same energy proton showers

atmospheric boundary

ground level

air shower ground array

experimental results from: Baltrusaitis et al. (Fly's eye, 1984), Knurenko et al. (Yakutsk, 1999),
Belov et al. (HiRes, 2006), Honda et al. (1993), Hara et al. (1999), Aglietta et al. (1999), ...
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Air Shower Development

Extensive air shower profile
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Air Shower Development
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Air Shower Development

A Extensive air shower profile
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Air Shower Development

A Extensive air shower profile
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Air Shower Development

A Extensive air shower profile
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Air Shower Development

A Extensive air shower profile

g Nmax

‘«n

0

=

_8 Nstage

) /

X1 yiq DX o Slant depth)
Xmax ’
Xstage >

1 dN e—X1/Aint .
Nerec = /Xm/dAX1 7>\im Py (AXl |X1) Prses (Xmax|XmaX)

max

1 dN
N erec

stage

rec rec
Ngee, N

Ralf Ulrich 14



Air Shower Development

A Extensive air shower profile
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Air Shower Development

A Extensive air shower profile
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Air Shower Development
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Model Dependence of AX;
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Model Dependence of AX; and Muon Numbers
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Limitation of the analysis to the tails at large grammages:
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Sensitivity
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Primary Cosmic Ray Mass composition



Primary Cosmic Ray Pho
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Primary Cosmic Ray Helium
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Primary Cosmic Ray CNO
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Primary Cosmic Ray Ir
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Auger Shower Fluctuations RMS(X.x)
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Limit on the Cosmic Ray-Proton Cross Section

Assume that all fluctuations in X,ax are directly coming from X
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Limit on the Cosmic Ray-Proton Cross Section

Assume that all fluctuations in X,ax are directly coming from X
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Limit on the Cosmic Ray-Proton Cross Section

Assume that all fluctuations in X,ax are directly coming from X
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Limit on the Cosmic Ray-Proton Cross Section

Assume that all fluctuations in X,ax are directly coming from X
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Limit on the Cosmic Ray-Proton Cross Section

Assume that all fluctuations in X,ax are directly coming from X
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Limit on the Cosmic Ray-Proton Cross Section

Assume that all fluctuations in X,ax are directly coming from X
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Cross Section Limit from Auger RMS Data

Ralf Ulrich

Equivalent c.m. energy \/§pp [GeV]
. 107 10° 10* 10°
7Iron\\\\\ T T \\\\H‘ * T \\\\H‘ T T \\\\H‘ T \‘\-\‘
1800f— Tevatron -k
g 1600 ; e Lower limit from Auger RMS(XmaX))
~1400(—
T C e i
% 1200 ;Ox_ygen .................
S1000F
s |
5 800F e
o co e Y £ N
g 600 }he_lj'ffm'.:?:fi ----------- N o
5] C
400 ;proon 5
200 L \HHH‘ L \HHH‘ L \HHH‘ L \HHH‘ L \HHH‘ L \HHH‘ L \HHH‘ L \HHH‘ L \HHH‘ L
1011 1012 1013 1014 1015 1016 1017 1018 1019 1020
Energy [eV]

0
m y L.
(Auger Xmax-data from PRD2010, 90 % C.L.)



Cross Section Limit from Auger RMS Data
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[Air shower fluctuations are sensitive ]

to cross sections

)

[Precise measurements extremely challenging

(Most critical at the highest energies:
@ Primary composition

@ Model dependence )

LHC has potential to drastically reduce existing
uncertainties in air shower interpretation

L

(The big potential of cosmic rays is the energy\
region beyond the LHC:
QCD and/or new physics.




