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Since the upgraded surface detectors of the
Pierre Auger Observatory will provide

information about the signals due to muons from
extensive air showers, we studied their
production distributions as well as their arrival
time at the observation level. Agreement with
analytical descriptions was found. We also
investigated a relation between the muon arrival
time and their production profile which is relevant
for composition studies.

2. Introduction

e Simulation of extensive air showers
produced with the CORSIKA software.

e Cylindrical coordinate system for shower
description.

e Muon arrival delay at ground level defined
with respect to a plane front moving at the
speed of light along the z-axis.
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Figure 1: Cylindrical coordinate system
used for the analyses.
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3. Muon production distributions 4. Arrival time and profile reconstruction

Distribution of muon production
distance

Defined along the z-axis.
Distribution maximum increases
for larger zenith angles.

Fit to Gaussian function.

Distribution of muon transverse
momentum

Defined perpendicular to the
z-axis at muon production time.
Fit with function:

fo(pe) = Ap} exp(—p:/Q) -
Found X =1.317+0.012,

Q =129.58 £ 0.73 MeV/c .

Distribution of muon production
energy

Weak dependence with zenith
angle.
Fit to a power law:

fB(E) =
Found ~ = 2.727 £ 0.002 .
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Arrival time distribution of muons
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Figure 2: Normalised distribution of muon
production distance. Protons of 10 EeV.
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Figure 3: Normalised distribution of muon
transverse momentum. Protons of 10 EeV.
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Figure 4: Normalised distribution of muon
production energy. Iron nuclei of 10 EeV.
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Figure 5: Normalised distribution of muon arrival time from CORSIKA simulation. Red line
shows analytical function obtained from convolution of geometrical and kinematic

distributions. Shower initiated by proton of 10 EeV and zenith angle of 30 degrees.
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Figure 6: Left: muon arrival distribution and analytical description using only geometrical
delay. Right: reconstruction of muon production profile using geometrical delay description
and comparison to true distribution. Proton of 10 EeV and zenith angle of 60 degrees.
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o Using CORSIKA simulations of extensive air
showers the muon distributions of production
distance, transverse momentum and energy were
fitted to functions and the corresponding
parameters were obtained.

The distributions of muon arrival delay, obtained
from the simulations for different distances to the
shower core, are consistent with the analytical
description in terms of the geometrical and
kinematic delays.

For distances r > 1000 m from the shower core,
the approximation of the muon distribution of
arrival time with the geometrical delay was used to
reconstruct consistently their production profile.
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