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The Southern Wide-field

Gamma-ray Observatory
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Find a needle in a haystack.

Gamma/hadron discrimination
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Find a needle in a haystack...

Gamma/hadron discrimination

The Southern Wide-field

Gamma-ray Observatory
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SWGO site

Atacama Natural Park - Chile - 4770 m a.s.l.

SWEO

The Southern Wide-field

Gamma-ray Observatory
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Burying detectors (L HAASO strategy) or building 5 m height water tanks (HAWC strateqgy)
is costly, impractical, and environmentally unfeasible

 4SEAN
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| ooking for muons in shallow stations

RC et al. Eur.Phys.J.C 81 (2021) 6, 542
Gonzélez, RC et al. Neural Comput & Applic 34, 5715-5728
Assis, RC et al. Eur.Phys.J.C 82 (2022) 10, 899
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| ooking for muons in shallow stations

RC et al. Eur.Phys.J.C 81 (2021) 6, 542
Gonzélez, RC et al. Neural Comput & Applic 34, 5715-5728
Assis, RC et al. Eur.Phys.J.C 82 (2022) 10, 899
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Accessing sub-TeV shower energies...

What can be done when there aren’t enough muons?

There’s information in the shower footprint!



Exploring the shower footprint

RC et al. Phys.Rev.D 111 (2025) 4, 043047
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Exploring the shower footprint

RC et al. Phys.Rev.D 111 (2025) 4, 043047
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Exploring the shower footprint

RC et al. Phys.Rev.D 111 (2025) 4, 043047
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—— Noise stations
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Exploring the shower footprint

RC et al. Phys.Rev.D 111 (2025) 4, 043047
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. Further exploring ajmassive WCD array.
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https://wminho.lip.pt/swgo/

Detection astrophysical HE neutrinos

Alvarez-Muhiz, RC, et al. Phys.Rev.D 110 (2024) 2, 023032
Alvarez-Muniz, RC, et al. Eur.Phys.J.C 85 (2025) 8, 842
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Catching neutrinos with a single WCD

Alvarez-Muniz, RC, et al. Phys.Rev.D 110 (2024) 2, 023032

1010 Alvarez-Muniz, RC, et al. Eur.Phys.J.C 85 (2025) 8, 842
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Plerre Auger Opservatory

+ FD: collects the fluorescence light produced by the shower

deve
+Ab

¢+ Duty cycle of ~15%
+ SD: collects shower particles at the ground
¢+ Duty cycle of ~100%

opment

e to measure the depth of the shower maximum, X

max

“Ruben Conceicao
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Xmax, FD / gcm

X,,,.x from SD trace using a DNN

10

Pierre Auger Coll., Phys.Rev.Lett. 134 (2025) 2, 021001
Pierre Auger Coll., Phys.Rev.D 111 (2025) 2, 022003

element : iron
Eyveo: 25 EeV
Oy : 51°
® ® o
o0 ¢
® \
10 5 0 5
z / km
1100
1000-
900-
800 -
700+
50%00 700 800

Xmax, SD / gcm™

900

0
1 element : iron = photons
2“ EMC: 25 EeV T Htons
3 Tl electrons
4 _ _____ measured
5 mvc: 1531 m total signal
= 0]
7_
8_
9_
10
111
13— 00 B0 10001500 2000 a0 3000
012345678 910111213
. t / ns
10-
0 o
Extract the X .. from SD-only events 5
20
) ™
= 107
EL‘-\
) . ><
Exploit the SD traces using a Deep Neural Network xg 20
|
_30_
p=-31.4 gem™ 9%
o =334 gcn(l)‘; Test DNN performance using FD-SD hybrid events & 4D
p=0. B
N = 1642 Ei
| ~50-
1000 1100
2

Ruben Conceicao

e

=
ot

S
NN

log1o(S(t) / VEM + 1)
lOgIO(Snorm /VEM + 1)
o -
B w

(L5

element :
EMC : 25 EeV

Ovic

iron

51°
: 1531 m

measured

total signal

L S

0 500

1000

1500 2000

t / ns

2500

3000

x?/ndf = 8.3 /10

3 10

30
Esp / EeV

100

NS N\

L-



Extraction of X from the SD ground signal

Pierre Auger Coll., Phys.Rev.Lett. 134 (2025) 2, 021001
Pierre Auger Coll., Phys.Rev.D 111 (2025) 2, 022003
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+ Resolutions comparable to those achieved with hybrid (FD+SD) events but factor nearly 7 of more events
+ Algorithms rely heavily on simulations and may be capturing uncontrolled or unknown shower teatures

¢ Itis crucial to develop strategies that lead to self-consistent solutions
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Multi-nybrid shower events

(Next years of the Pierre Auger Observatory)
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BACKUP SLIDES
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Uncertainties on EAS description at lower energies
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Core Distance (m)

E.M. component
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Normalised counts
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Cuts to select upward events
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Accept only “good” geometries

1
1
1
1
1

Cut on the total signal based on the
muons to discard clipping events.

St > 130p.e.




Neutrino pipeline

©
7
=
' —_ _ Direct light ~ Temporal Maximum Signal time Neutrino /
Ce;lz/c;/;attte S (lt)oe:::ll::; .8 pe Total signal el o aimam signal time A event L’:
; £ (2 ns) il position the CNN %
tmax,bottom €& [8,13] ns
< e.l S 2ns)>10p.e. Atmax 5,10 ns PG > O
St <130 p.e.| Stotom (21s)>10p ¢ [5,10] mactop € [0.5] NS

. \ >|| - Z Y,

AU 2N

e —X]

Ruben Conceicao



Cuts to select upward events

Rejection of horizontal events
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The application of these cuts removes 97 % of the background events
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Estimation of the effective mass

Effective mass for point-like sources

Meff (EV’ 6) — JNstations g(x, ya Da 9» ¢9 Ey) dx dy dD [g]

number of events selected as upgoing

e |0,1]

ex,y,D,0,F ) = .
number of events simulated




