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SV‘/CS@ Ground-Based Gamma-Ray Astronomy

The Southern Wide-field
Gamma-ray Observatory

g E -w%ﬂll- STRENGTHS
TWO / Collision with atmospheric l

nucleus
Good angular

techniques
\ y

Particles from air shower penetrate

icle d i d .
z::zz‘:d etectors, interact and are Wlde FOV reSO|Ution
PARTICLE (~ 2 sr)
DETECTOR ARRAY ¢ DETECTION Ticy,, (< 0.19)
@\G\’ Qe
R . )
s Particle f .
ower High Duty Good energy
Detector tank .
4-5km Cycle resolution
Water

(>95 %) (10%)

Good VHE
Good UHE sensitivity and

sensitivity low energy
threshold

Cherenkov
Light

IMAGING ATMOSPHERIC
CHERENKOV TELESCOPE

[aA3| D3s 3A0GD WYBISH

Photosensors detect
Cherenkov light

Not to scale

Shower image, 100 GeV yray adapted from: F. Schmidt, J. Knapp, "CORSIKA Shower Images", 2005,
https://; hen.desy.de/~jknapp/f i html
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SV/@&) Particle Detection Array Qualities

The Southern Wide-field
Gamma-ray Observatory

High duty cycle

Wide field-of-view:
Instantaneous: = 1.8 sr (~15% of
the sky)

Surveys: ~ 8.4 sr per day (~2/3
of the sky)

Good Sensitivity, Angular &
Energy Resolution > 10 TeV

. Santander

Tibet/ARGO

. .LHAASO

Sky cm@ta@e

__ Instantaneous sky coverage
— & future projects = = -

~
~
Se———

________
- ~
- ~o

B2
-
P
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SV\/@@ Particle Detection Array Qualities

The Southern Wide-field
Gamma-ray Observatory

o High duty cycle 1019
1071
o Wide field-of-view: T
9]
- Instantaneous: 2> 1.8 sr (~15% of £107*
>
the sky) £ .
3 10-1 N <
- Surveys: ~ 8.4 sr per day (~2/3 s ' S (0 B
of the Sky) E \/
10714
== = HAWC pass5 (1 yr) e SWGO (5 yrs)
—— LHAASO (1 yr) “«s SWGO-A (1yr)
==+ CTA south (50 hours) s SWGO-A (5 yrs)
e SWGO (1 yr)
10 107! 10° 10! 102 103

Eg [TeV]

6 Good Sensitivity, Angular &

Energy Resolution > 10 TeV e-prints: arXiv:2506.01786vs2



https://arxiv.org/abs/2506.01786

S\A/‘G@ Scientific Outlook &=

The Southern Wide-field
Gamma-ray Observatory

Fermi Bubbles

Stage 3 (t > 100 kyr)

PeVatrons -

(Galactic center)
Cosmic rays

& S5
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Science 8

PSR B0656+14

§ Science Case

| Design Drivers

Transient Sources:
Gamma-ray Bursts

Low-energy sensitivity &
Site altitude®

Galactic Accelerators:
PeVatron Sources

High-energy sensitivity &
Energy resolution®

Galactic Accelerators:
PWNe and TeV Halos

Extended source sensitivity
& Angular resolution®

Diffuse Emission:
Fermi Bubbles

Background rejection

= Fundamental Physics:

= Dark Matter from GC Halo

Mid-range energy sensitivity

Site latitude?

~ Cosmic-rays:

Mass-resolved dipole /

= multipole anisotropy

Relative Intensity [10?%]

Equatorial

Muon counting capability®

IN
DESIGN TARGETS

Eth - 100 GeV

Eres < ZOA)

e,es ~ o 1°

CRres @ 10'4




HES.S.

HAWC

SWCO

The Southern Wide-field
Gamma-ray Observatory
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Example of Complementarity with IACTs

H.E.S.S. confirmed the gamma-ray

emission of four HAWC sources
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https://ui.adsabs.harvard.edu/abs/2021ApJ...917....6A/abstract

S\A/‘G‘@ Northern

The Southern Wide-field
Gamma-ray Observatory

U La Luna (misma escala)

Geminga

LETTER

Corrected: Publisher Correctio

ttps://dolorg/10.1038/541586.018.0565.5

Very-high-energy particle acceleration powered
by the jets of the microquasar SS 433

PSR B0656+14

PARTICLE ASTROPHYSICS

Extended gamma-ray sources around
pulsars constrain the origin of the
positron flux at Earth

Abeysekara et al., Science 358, 911-914 (2017)

>100 TeV

[ >4
17 November 2017 £

Article  Published: 16 October 2024

Ultra-high-energy gamma-ray bubble around ..
microquasar V4641 Sgr

RA()

R

Nature | Vol 634 | 17 October 2024 | 557

4 -3-2-1 0123458678
VTS

82 | NATURE | VOL 562 | 4 OCTOBER 2018

Count rate [ count 5]

LHAASO Sky @ >100 TeV

Significance (c)

Article

Ultrahigh-energy photonsup to1l.4
petaelectronvolts from12 y-ray Galactic
sources

34 | Nature | Vol594 | 3June 2021

T T T T T T
oo % :
§ ™) I
5 w0 ! S

| r ~
I

400}~ )
\ R S N — = —
\ I L ]

P ‘M, Time since GBM trigger, -,

ol L 1 v
o 500 1000 1500 2000 2500 3000 3500 4000

Time since GBM trigger [ s ]

Cao et al., Science 373, 425-430 (2021)

SCIENCE -

Hemisphere PDA Discoveries

EJN/AE (cm?s™)

RESEARCH

ASTROPARTICLE PHYSICS
Peta-electron volt gamma-ray emission

from the Crab Nebula
23 July 2021

e e e .. Atera—electron volt afterglow from a narrow jet in an
. extremely bright gamma-ray burst

8Jun 2023 - Vol 380, Issue 6652 - pp. 1390-1396

8
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SV\/C?@ Multi-messenger Network

The Southern Wide-field
Gamma-ray Observatory

Since 1990

onal Waves Cosmic Rays

https://asd.gsfc.nasa.gov/mossaic/

Gravitati

Neutr'l\'\os B %‘

|deal time A

Since 2019

for SWGO

Gamma-ray Bursts
Blazars, TDEs F =
Pulsars/SN remnants [ B

Radiation Type: Radio - Microwave - Infrared - Visible - Ultraviolet - X-ray - Gamma ray.

IcCECUBE




S\A/‘G\@ Gamma-Ray Messenger

The Southern Wide-field
Gamma-ray Observatory

“[...] the Cherenkov Telescope Array (CTA) and the Southern Wide-Field Gamma-Ray Observatory
(SWGO) [...] will be valuable themselves - gamma rays reveal processes that longer-wavelength photons
cannot - and will greatly enhance the returns of neutrino and gravitational-wave observatories.”

— Astro2020 Report - _

. - . > Existing/planned projects g S
KiaonianasiiBiog Multi-Messenger Astronomy Must be Coordinated

“The combmatlon Of CTA and LHAASO/ Endorsed projects

SWGO provides an integrated ;gig & e e

observational capability that B —anoem _ KA DoR R

maximizes the scientific opportunities Gravitational .~ | T P ——— —r ——"

for all-sky multi-messenger astronomy.” | Waves kHz Advanced LIGO/Virgom Improved Advanced LIGO

— Astro2020 Report

.

Neutrinos

“...the Southern Wide-field Gamma-ray

Observatory (SWGO) ... will have ' '

unprecedented sensitivity to the o ot —
highest energies and [is] critical to Gamma Rays ‘ —
carrying on the legacy of science at i ‘ :

the forefront of particle and

astroparticle physics.” Cosmic Rays
— Report of the Topical Group on
Cosmic Probes of Fundamental Physics

for Snowmass 2021

VHE
UHE

Opportunities needing
technology development

E: MeV-GeV, VHE: TeV-PeV, UHE: EeV-ZeV



SV\/@@ A Global Collaboration

The Southern Wide-field
Gamma-ray Observatory <

© A growing project: 41 institutions in July 2019 — > 90 institutions/16 countries now!

© History:

v Nov 2019: First SWGO
Collaboration Meeting

v Sep 2022: Site Shortlist
Complete

v Apr 2024: Performance of
Candidate Configurations
Evaluated

v Jul 2024: Preferred Site

|dentified Swqgo.orq 12



http://swgo.org/

SWEO

The Southern Wide-field
Gamma-ray Observatory

ite & Layout
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S\"/C‘;@ Inner Array Design & 1st Stage: SWG

The Southern Wide-field
Gamma-ray Observatory

O-A

<

il

® 1 =

Array Layout of SWGO-A

gg
i
p
4
s
7
1y
i
/

0.68m

(D)

100 m ] Dual-PMT unit deployed
0 in dual bladder

e-prints: arXiv:2506.01786vs:

14


https://arxiv.org/abs/2506.01786

SWEO

The Southern Wide-field
Gamma-ray Observatory

Outer Array Designs

1 photon / day*m2

EdN/dE (cm?s™)

107"
1072
107°
107"
10"
107°

1077

< J.

1 photon / year*mz2 Crab A

1 photon / year*km?

m T T T T ||||m|| ||||rrl|| |||||1ﬂ| T

10™ 1 10
Energy (TeV)

<
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SV\/@@ Outer Array Designs

The Southern Wide-field
Gamma-ray Observatory

Under Consideration:

1. Inner-array like design

2. Roto-molded HDPE tanks + multi-
PMT modules

3. Possible UHE extension in a lake

Surface detector Height: 1 m

Diameter: 1.5 m

PMT: 8 inch

Bag Height: 1.2 m

Muon detector
Diameter: 6.8 m

Depth: 6 m
PMT: 8 inch




S\'&\@ Deployment of Lake Array

The Southern Wide-field
Gamma-ray Observatory

Under Consideration:

1. Muon detectors are essential for
gamma/hadron separation

2. Lake water provides good shielding
of e* for free

17



SWEO

The Southern Wide-field
Gamma-ray Observatory

Deployment of Lake Array

1. Muon detectors deployed five meters underwater

2. Smaller surface water Cherenkov detectors (SDs) floating on the lake surface

E 600

400(-

200

-200|

-400

-600[-

KM2A-like Detector Layout
SD Detectors: 6505

MD Detectors: 1626

L L L
-600  -400  -200

1
0

L L 1 ]
200 400 _ 600
X [m]

1. Lake Array Config

Surface detector Height: 1 m

Diameter: 1.5 m

PMT: 8 inch

Bag Height: 1.2 m

Diameter: 6.8 m

Depth: 6 m
PMT: 8 inch

<

18



SV\/@@ Deployment of Lake Array

The Southern Wide-field
Gamma-ray Observatory <

1. Use LHAASO-KMZ2A as a reference layout

2. Preliminary reconstruction shows similar performance as LHAASO-KM2A

Core Reso Angular Reso Energy Reso
Mean = 8.61 Mean = 0.48 175 Mean = 0.0045
0.12 s Std =9.33 s Std=0.78 s Std =0.38
Resolution = 8.46 200 Resolution = 0.43 Resolution = 0.29
1.50
010 175
150 125
0.08
> > > 100
7] i) i
e c e
& 008 & 100 8
0.75
075
0.04
0.50
0.50
- || | - | |
| 025 |
000 IIIII.I _____________ 0,00 IIIl _______ 000 IIIII lIIllI .........
0 20 40 60 80 100 0 2 4 6 8 10 -1 0 1 2 3 4 5
mc.delCore mc.delAngle (deg) (E_rec - E_mc)/E_mc
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S\A/é@ Prototyping Activities

The Southern Wide-field
Gamma-ray Observatory

Floater
ring

Marker (on stand-off)

1. Wave test at Nantes, France e

Regular wave
direction

2. Prototyping in an artificial lake at the
LHAASO site

At'rachment bracket
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SV‘/‘G\@ Staged Plan

The Southern Wide-field
Gamma-ray Observatory <

Development/Design

Preparation/Procurement

oo

Full Array B

o First presence: Pathfinder - SWGO-PF

o Additional Component (already funded): The Utility for Radio Beam-formed Observations —
SWGO-TURBO

21



SV‘/C:;® Summary & Outlook <

o SWGO is now moving toward construction after an intense 5-year design phase

o SWGO will

- become the most sensitive ground-based wide-field instrument at tens of TeV

- have synergies with CTAO, IceCube, KM3Net, LVK, and other instruments and contribute

crucially to multi-messenger astronomy
-~ provide particle physics constraints at TeV energies
- tackle key science topics through observations of the Galactic Center/bright Galactic sources

~ probe transient gamma-ray emission with full sky coverage together with HAWC and LHAASO

22



SWGO

The Southern Wide-field

Gamma-ray Observatory

SWGO members and guests at the site of the project, Pampa La Bola
= £ (12th Collaboration Meeting, San Pedro de Atacama, 5-9 May, 2025)

Thank You!
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