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Data

18.8 19.0 19.2 19.4 19.6 19.8 20.0 20.2
log10(ER/eV)

10−2

10−1

100

101

ρ
µ

[m
−2

]

AGASA

No detected muons

Data extracted from Ref. [1].
Energy is rescaled to a

cross-calibrated energy scale [2].

Simulations
p

He
N
Fe

+
EPOS-LHC
QGSJetII-04

Sibyll2.3c

Simulation library
described in Ref. [3].

Mixed composition

⟨ρ̃µ,mix⟩(E) =
∑

A
fA(E)·⟨ρ̃µ,A⟩(E),

where fA(E) are the mass
fractions from the Pierre Auger
fits to Xmax distributions [4].

We analytically compute the energy reconstruction and binning
effects → ⟨ρµ/ER⟩ is 11 % to 22 % smaller.
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Results

18.93 19.13 19.33

1.0

1.2

1.4

1.6

1.8

2.0

2.2

〈ρ
µ

/
E R
〉[m

2 /
10

19
eV

]

EPOS− LHC

18.93 19.13 19.33
log10(ERi/eV)

QGSJetII− 04

18.93 19.13 19.33

Sibyll2.3c Fe
p

Data
mix

AGASA data vs. {p, mix, Fe}. Bin width ∆ log10(ER/eV) = 0.2.
The AGASA data are compatible with a heavier composition.
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Results
F{p, mix, Fe} = ⟨ρµ,data/ER⟩

⟨ρµ,{p, mix, Fe}/ER⟩ , where 18.83 ≤ log10(ER/eV) ≤ 19.46.

1.24± 0.09±0.40
0.24

1.54± 0.12±0.50
0.31

1.91± 0.14±0.61
0.37

1.14± 0.08±0.37
0.22

1.49± 0.12±0.49
0.30

1.74± 0.13±0.56
0.33

1.21± 0.09±0.39
0.23

1.66± 0.13±0.54
0.34

1.82± 0.13±0.58
0.35

Fe

Mixed
p

Fe

Mixed
p

Fe

Mixed
p

Sibyll2.3c

EPOS - LHC

QGSJetII - 04

F± (stat)± (syst) 1.00 1.25 1.50 1.75 2.00 2.25 2.5

Fmix does not overlap
with 1.

↓

AGASA data
constitute further

evidence of a muon
deficit at the highest

energies.
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