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Multi-Wavelength & Multi-Messenger
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Multi-Wavelength & Multi-Messenger
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Gamma-Ray* Sources
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© X-ray: NASA/CXC/SAO; Optical: NASA/STScI; 
Infrared: NASA/JPL-Caltech/Steward/O.Krause et al. Purple Crab © NASA © NASA/Fermi

© H. Ford (JHU)/NASA © NASA/STScI © NASA/SWIFT

Windows Into the Non-Thermal Universe
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Active Galactic Nuclei Starburst Galaxies “Naked Eye”Gamma-Ray Bursts

Extragalactic Background Light 
&

Dark Matter

Super Nova Remnants Pulsar Wind Nebulae
Pulsars (Fast Spinning Neutron Stars)

&
Lorentz Invariance

Binary  Systems

* (also sources of 
cosmic rays, 
neutrinos & 

gravitational waves)



How do we detect gamma-rays?
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Past & Current 
VHE Gamma-Ray Observatories
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MILAGRO

2000-2008



High Impact Results: HAWC & LHAASO
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# of Sources

2007: 8 (Milagro 
survey)

2022: >100 (HAWC 
survey), >~ 20 
emitting with
𝐸!> 100 TeV

(LHAASO/HAWC)



High Impact Results: HAWC & LHAASO
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How to detect gammas 
from the ground
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Two complementary
Techniques:

High Duty Cycle
Wide-Field of View
UHE Performance

Low Duty Cycle

Pointing instruments

Precision Astronomy at VHE
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Advanced Test Reactor –
© Idaho/Argonne National Lab 

Cherenkov radiation
(in air and in water)

Alternatives for 
ground particle detectors:
1. Water Cherenkov tanks,
2. Scintillator plates,
3. RPCs (resistive plate chambers)

WCDs *



Why so High?

More particles Detected
ü More accurate & precise measurements



How to build an array?

e.g.  HAWC (Mexico)



How to build an array?

Data Centers – 8 PB each

For example via Uber

UNAM UMDe.g.  HAWC (Mexico)



Next step:  
- A Wide-field experiment in the South
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Eth → 100 GeV

Eres < 20%

Θres ~ 0.1°

CRres @ 10-4

PRELIMINARY 
DESIGN TARGETS



The SWGO Collaboration

! >70 institutions in14 countries
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!Spokespersons

swgo_spokespersons@swgo.org

→ Jim Hinton (Germany),

Petra Huentemeyer (USA),

Ulisses Barres (Brazil)

swgo.org

Institutes
Argentina, Brazil, Chile, China,
Croatia, Czech Republic, Germany,
Italy, Mexico, Peru, Portugal, South
Korea, United Kingdom, United States

Supporting Scientists
Australia, Bolivia, Costa Rica, France, Japan, Poland, 
Slovenia, Spain, Switzerland, Turkey

mailto:swgo_spokespersons@swgo.org
http://swgo.org/
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Detector Options
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The baseline detector concept

16 m4 m

Core:

Outer:

Altitude:

Ø 320 m, FF = 80%
5,700 WCD units

Ø 600 m, FF = 5%
880 WCD units

4,700 m a.s.l.

✧ muon counting



25

SWGO Baseline
Requirements

! Larger and denser
detector array 
at higher altitude 
w.r.to HAWC

→ Very precise 
measurements 
possible below 
1 TeV
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CTA South 50 h

LHAASO 1 y

HAWC - 507 days

SWGO baseline 1 year

*50 h = "typical" 1-year IACT exposure

*

Crab

10% Crab

SWGO expected sensitivity
(“straw-man” model)
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CTA South 50 h

LHAASO 1 y

km2+ 
outer array

Planned operation time > 10 years

HAWC - 507 days

Low E 
enhancement

SWGO baseline 1 year

Fermi-LAT 

Improved PSF and
Background rejection
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ROTOPLASTYC
(Brazil)

AQUAMATE
(Australia)

MPIK
(Heidelberg)

WCD unit Solutions
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More Detector Options
and Prototyping

PMT module 
MPIK

WLS Padova

PMTs
Naples HyperK-style

multi-PMT

HAWC 
Bladders

(IceCube) PMT 
active base



A1
A2 A3

A4

A5

A6

A7
HAWC

similarly B1, C1, D1, …, E4 (13 total)

80% FF, 80,000 m2

0.6% FF

LHAASO

(baseline)

EQUAL NOMINAL COST ARRAYS

1 km2

2.5% FF

4 km2
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F. Bisconti & A. Chiavassa 2022

Double-layer WCDs
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Multi-PMT WCDs

R. Conceição et al. 2022a

!Muon content in the showers
→ Muon cuts effective > 10 TeV
→ Multiple strategies under 

investigation

PRELIMINARY
Full-array sims
Configuration A1

S. Kunwar et al. 2022

Gamma/ CR selection:

Muon detection

or

Shower footprint



R. Conceição et al. 2022b
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Multi-PMT WCDs

R. Conceição et al. 2022a

Shower azimuthal 
asymmetries

Double-layer WCDs

F. Bisconti & A. Chiavassa 2022
S. Kunwar et al. 2022

Double-layer WCDs

How to do
Gamma/ CR selection:

Muon detection

or

Shower footprint
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Site Options
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Bolivia 4.7k

Argentina 4.8 k 

Chile 4.8 k

Peru 4.9 k

13º S

24º S

A Wide-field Gamma-ray Observatory in the South
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Bolivia 4.7k

Argentina 4.8 k 

Chile 4.8 k

Peru 4.9 k

13º S

24º S

Shortlisting: Fall 2022
Site visits: October
Site selection: Fall 2023 

Yanque

A Wide-field Gamma-ray Observatory in the South
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Status & Plan
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✓
✓
✓

✓

!R&D Phase
→ Kick off meeting Oct 2019
→ Expected completion 2024

ü Site and Design Choices made

→ Then:

! Preparatory Phase
→ Detailed construction planning
→ Engineering Array

! (Full) Construction Phase
→ 2026+!Roadmaps

→ US Decadal Review
→ SNOWMASS, APPEC, Astronet 20M$



Summary

! SWGO is a key instrument for Multimessenger Astrophysics

! First Gamma-Ray Observatory of its kind in the 
Southern Hemisphere (observation of the Galactic Center)
!Major Astro-Particle Research Facility in South America

!Wide-energy range coverage 100 GeV - 1 PeV
!Trigger for Transient sources (complementary to CTA)
!Complementary to LHAASO’s sky view
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Thank you!
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