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Composition based on mean Xmax

(Heck, 2010)
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Constant intensity cut method
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atmospheric depth (g/cmz)

Prediction of S(1000) for different angles
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Universality of showers at very high energy (i)
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(S. Lafebre et al.,Astropart. Phys. 31, 2009)
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Universality of showers at very high energy (i)
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Universality of em. shower component

Signal at 1000m
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Sem parametrized as function of distance to ground DG = Xget — Xmax

Predicted signal at 1000m:

Smc = Sem(DG,E) + Ni'-SEUP(DG, 107 eV)

\

(F. Schmidt et al., Astropart. Phys. 29, 2008) includes e/m signal from muon decay



Universality of em. shower component

Distance to ground — DG

(F. Schmidt et al., Astropart. Phys. 29, 2008)
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Em. particles from
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Dependence of attenuation on muon fraction
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Absolute energy scale from universality

from Auger data: hybrid measurement

N\

$33(10"7eV) = Sem(10”eV,0 =38, (X)) + N -SZONP(107eV)
from Auger data:
Data: Jan 2004 - Dec 2008 const. intensity method

S33(10eV) = 38.9 14 (stat.) 1 S (sys.) VEM

Corresponding energy scale E' =1.26%5;(sys.) X Erp

(compatible with current uncertainty of fluorescence detector energy scale)



Time structure of tank signal
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VEM

Muon counting with jump method
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Simulation of individual hybrid events
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Comparison of results
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Results of different methods consistent
* shift of energy scale expected
e muon deficit in simulation even with shifted energy scale

QGSJET II:
N, = 1.0 (protons)
Ny = 1.32 (iron)

Em. component

But: All results depend directly or indirectly on simulation of em. component



What about EPOS?

10
(Pierog, Werner, Phys. Rev. Lett. 101, 2008)
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Signal (VEM)

Example: QGSJET Il iron
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Example: EPOS 1.62,iron
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Results of simulation of individual hybrid events

Spata’Suc VS B“
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Possible application in IceCube/lceTop

Similar study could be done:

* Mean Xmax from other experiments
e Universality of shower profiles
e Constant intensity cut analysis
e correction for fluctuations from MC
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