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14-countries collaboration.

Next generation gamma-ray observatory
currently in R&D phase.

To be built at high altitude in the southern
hemisphere (— Andes).

Large ground-array (likely) based on Water
Cherenkov Detectors.

Able to observe the galactic center.
But huge background to be dealt with!

Gamma rays buried in hadronic background.

Excellent gamma/hadron discrimination
capabilities needed.

Muon counting — commonly used strategy,
but expensive and with high environmental
impact.

Alternative: studying the fluctuations in the
shower footprints.
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LCm-related papers

Journal of Cosmology and Astroparticle Physics

LIP's group heavily invested in

LCm's many aspects: PApER

Gamma/hadron discrimination at

high energies through the

@ Definition azimuthal fluctuations of air shower particle distributions at the
. .. . ground
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Gamma/hadron discrimination in
arrays of WCDs with different number

Dependence of LCm on hadronic models for | of PMTs and in arrays of Scintillators
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® Three SWGO internal notes

@Three articles (one published on
JCAP, two submitted to EPJC and
PRL)

@More yet to come
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“Gamma/hadron discrimination at high energies through the azimuthal fluctuations of air shower particle distributions at the ground”

https://iopscience.iop.org/article/10.1088/1475-7516/2022/10/086/meta
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“Gamma/hadron discrimination at high energies through the azimuthal fluctuations of air shower particle distributions at the ground”
https://iopscience.iop.org/article/10.1088/1475-7516/2022/10/086/meta
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“Gamma/hadron discrimination at high energies through the azimuthal fluctuations of air shower particle distributions at the ground”
https://iopscience.iop.org/article/10.1088/1475-7516/2022/10/086/meta
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“Gamma/hadron discrimination at high energies through the azimuthal fluctuations of air shower particle distributions at the ground”
https://iopscience.iop.org/article/10.1088/1475-7516/2022/10/086/meta
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“Gamma/hadron discrimination at high energies through the azimuthal fluctuations of air shower particle distributions at the ground”
https://iopscience.iop.org/article/10.1088/1475-7516/2022/10/086/meta

K = Ef x FF

E: simulated energy of
the gamma showers
[TeV].

p=0.925 - index of
power dependence of
mean number of muons

at the ground from E.
FF: fill factor € ]0,1].


https://iopscience.iop.org/article/10.1088/1475-7516/2022/10/086/meta
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FF = fraction of
instrumented area

Ground arrays usually have
regions with different fill
factors

Denser regions — low
energies

Sparser regions = high
energies
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@ 1PeV showers

@ Array centered in (300,0) m
@ Central compact array with 160 m radius and FF = 1

@ Sparse array with 560 m radius and FF = 0.014

% 4F
LIJ -
o N
o °F
9 ¢ "N[efTe
(@) - 0 o
2 2r N
1 :_ 1 ""0"00.0.“0
I~ 00% o
. 0 +— Gammas
- |+ Protons
_qL L1 L1 L1 1
0 200 400 600 800

"Applications of the gamma/hadron discriminator L Cm to realistic air shower array experiments”, https://arxiv.org/abs/2304.05348
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"Applications of the gamma/hadron discriminator L Cm to realistic air shower array experiments”, https://arxiv.org/abs/2304.05348
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"Applications of the gamma/hadron discriminator L Cm to realistic air shower array experiments”, https://arxiv.org/abs/2304.05348 12
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"Applications of the gamma/hadron discriminator L C'm to realistic air shower array experiments”, arXiv link 13
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Scintillators shielded with 1X-thick lead layer
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@Improvements due to ionization losses in the lead layer

"Applications of the gamma/hadron discriminator L C'm to realistic air shower array experiments”, a

rXiv link

WES LCm in scintillator arrays <
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SWGO LCm vs Nﬂ
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“Gamma/hadron discrimination at high energies through the azimuthal fluctuations of air shower particle distributions at the ground” Og ( )
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LCm vs N, - E.M. signal only
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“Gamma/hadron discrimination at high energies through the azimuthal fluctuations of air shower particle distributions at the ground”
https://iopscience.iop.org/article/10.1088/1475-7516/2022/10/086/meta

- |100 TeV, FF = 0.12, considering only electromagnetic signall

_ @ Strong correlation starting from N,

> 15
— © Still there = LCm sensitive to sub-clusters
that muons are part of, independently of

| muon signal
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Gamma/hadron separation in muon-depleted showers
with A. Bakalové, V. Novotny and J. Vicha
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@Analysis of bottom
1% showers in N,
(muon-depleted
showers), compared
with small gamma
sample (1.6 PeV)

@ Lines defined for
€, = 0.9

oFor FF ~12% , LCm
performs a factor of 3
better than Nﬂ , for
FF~3%, 50%
better

"Azimuthal fluctuations and number of muons at the ground in muon-depleted proton air showers at PeV energies”, https://arxiv.org/abs/2304.02988 17
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_8104 |_r I oLCm computation performed on Monte
- — Qosdetiios o Carlo data obtained with different high-
g Wi energy hadronic interaction models
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SWCB Reconstruction of Nﬂ with LCm
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Small bias ( < 5 %), constant in E
Resolution within 15 % and 20 %
Method working from ~ 10s of TeV

To be complemented with NN-based
analysis for lower energies ( ~ 100s of

GeV to ~ 10s of TeV)
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Bias and resolution
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