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On the determination of the muon content

@ Muon counting strategy
@ Correction of biases in the reconstructed number of muons

@ Characterization of the muon lateral distribution function

y

On the composition interpretation of data

@ Muon content in air-shower simulations in comparison to:

o UMD SiPM data
o AGASA data
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Muon counting strategy

[Estimation of the number of counts on a particle counter detector with full time resolution,
F. Gesualdi, A.D. Supanitsky, Eur. Phys J.C 82 (10) 925 (2022)]
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ounting strategies: Muon time structure

With this work’s strategy, we are able to reconstruct the muon time structure as seen by the
detector to a single time-bin resolution. This can be useful for reconstructing X fax.
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Correction of biases in the reconstructed number of muons

The estimated number of muons are subject to biases, most notably, from corner-clipping muons.
Using full detector simulations, we parameterize and correct the bias.
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for different sin? @ bins
for1.1 < N, < 10.

Remaining dependencies of the bias are contained within -4 %.

Bias as a function of log;, IV,

for different | sin(A¢)| bins

for 0.4 < sin?6 < 0.5.

Bias as a function of log;, IV,
for different sin? @ bins
for 76° < A¢ < 83°.
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Characterization of the average muon lateral distribution function

We tested the goodness-of-fit of different models on UMD SiPM data.
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Characterization of the average MLDF: Parameterizations

We parameterized the muon LDF using a modified NKG function:
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0.5

04 3.0
a 0.4
T 0z _ . ag
< 0w TS <
AN - E 2.6
B0 —02
TR \ 0.1
N ~04 24
T00 05 10 15 20 25 30 35 0.0 T T T
logo(r/m) 17.3 17.7 18.1 17.3 17.7 18.1
. . log(E/eV) log,(E/eV)
Fit to data with functi ; funct ;
nctaon
17.6 < loglO(E/eV) < 178, logw P450 AS a unct.10;1 (0} B as a functio O )
and 27° < 0 < 33° log,,(E/eV) and sin” 6. log,,(E/eV) and sin® 6.

HIRSAP meeting 2022 7121

F. Gesualdi (ITeDA & KIT) Muon content and mass composition



Characterization of the average MLDF: Analysis of systematic uncertainties

Using the parameterizations, we studied the systematic uncertainties of the fits of the average
MLDF, introduced by fixing « and «y, and by cutting at a 90 % lateral trigger probability.
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Even when considering the systematic uncertainties from the fits, 450 m is still an optimal distance.J
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Muon content in UMD data

We analyzed the muon content in UMD data as a function of the energy, zenith angle, and distance
to the shower axis
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Muon content in AGASA data

2.5
We analyzed the muon content in AGASA dataas ¥ Data Ef ?:i _ELI\Ij[ie d ap
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Muon scale as a function of the energy

[On the muon scale of air showers and its application to the AGASA data, F. Gesualdi et. al., PoS (ICRC2021) 473]

We compared the values
of the muon scale 2
computed from UMD
SiPM and from AGASA

data to those of other N

experiments.
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Both of our results are consistent with Pierre Auger and Yakutsk array results.
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Muon deficit as a function of the energy
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Our results, in agreement with other experiments, support the existence of a muon deficit that
increases with the energy.
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@ New counting strategy

— Improves precision in N P
— Allows reconstruction of the muon time structure — Opens the door to X k., reconstruction

@ Correction of the overall bias
— Makes the corrected N,, accurate to +4 %
@ Characterization of the muon LDF

— We provided the parameterizations of the muon LDF using a modified NKG
— We concluded that 450 m is still an optimal distance even when considering the systematic
uncertainties due to the fit of the muon LDF (+2 %).

@ Mass composition implications of UMD and AGASA data

— The muon content of UMD data is consistent with mixed composition scenarios within total
uncertainties, but that of AGASA is not.
— Together, they offer a clear picture of a muon deficit that increases with the energy.
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Muon counting strategy: Comparison to other strategies

For a realistic comparison, we simulated 7600 {p, Fe}+ EPOS-LHC + UrQMD Corsika
simulations (isotropic in 0° < ¢ < 48° and uniform in 17.2 < log,,(£/eV) < 18.4) 4 simulation
of electronics
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Parameterization of the bias in the reconstructed number of muons

The estimated number of muons are subject to biases, most notably, from corner-clipping muons.
Using Offline simulations, we parameterize the bias as:

N rec .
fvias (0, Ad, Nyyrec) = <NM- - — 1> =a(f) +b(0) |sin(Ag)| + c(0) log,g Nyrec,
uinj

where a(6), b(6), and ¢(#) are modeled phenomenologically as

a(f) = ag + a1 sin? 0,
b(0) = by + by sec,
() = co + ¢1 sin? 6,
being ag, a1, bo, b1, co, and ¢ parameters of the fit.
We then use the parameterization to correct the estimated number of muons:

Nprec
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rrection of the bias in the reconstructed number of muons
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rrection of the bias in the reconstructed number of muons
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The remaining dependencies of the bias-corrected number of muons are contained within 44 %. ]
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Muon content in UMD data

We analyzed the muon content in UMD data as a function of the energy, zenith angle, and distance
to the shower axis
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