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How to detect gamma rays from ground?

Solution: use 
atmosphere as part 
of the detector

Problem: Our atmosphere is 
opaque to gamma rays.



Two Major Techniques

Imaging Atmospheric Cherenkov Telescope
(H.E.S.S., MAGIC, VERITAS)

{ good angular resolution
good energy resolution
small FOV (<5°)
low (~10%) duty cycle

Particle Detector Array
(HAWC, LHAASO, Tibet-ASγ)

large FOV (2 sr)
high (~100%) duty cycle
good sensitivity on higher energies
{



Two techniques High Duty Cycle
Wide-Field of View
UHE Performance

Low Duty Cycle

Pointing instruments

Precision Astronomy at VHE

How to detect gamma rays from ground?



How to detect gamma rays?



What we have seen so far?

• Particle acceleration at the source
• Particle escaping from their sources
• Propagation of CRs across the Galaxy

Number of sources vs. Time

1st LHAASO Cat.



Larger and higher…

© LHAASO Collab.

@ HAWC Collab.

2020s SWGO?

LHAASO Tibet 
ASγ

5 km a.s.l.

HAWC

MILAGRO
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Ground-based Gamma-ray Astronomy 
Network

HAWC

VERITAS
MAGIC

HESS



Scientific Outlook

Transients

Deep View

@ large scaleSurvey + 

Discovery

Wide-field

Duty-
cycle

GRBs

PeVatrons
(Galactic center)

Halos

Fermi Bubbles

Dark Matter

High-
Energy 

Sensitivity
Cosmic rays

AGNs

Multi-messenger



Eth → 100 
GeV

Eres < 20%

Θres ~ 0.1°
CRres @ 10-

4

PRELIMINARY 
DESIGN TARGETS



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



Status & Plan

⌾R&D Phase
→ Kick off meeting Oct 2019
→ Expected completion 2025

✓ Site and Design Choices made
→ Then:

⌾Preparatory Phase
→ Detailed construction planning
→ Engineering Array

⌾ (Full) Construction Phase
→ 2027+

✓
✓
✓

✓

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

✓

✓



SWGO Baseline Requirements

⌾ Larger and dense detector array at increased altitude with 
respect to HAWC

→  Very precise measurements possible below 1 TeV



WCD unit Solutions



More Detector Options and Prototyping

PMT module 
MPIK

WLS Padova

PMTs
Naples HyperK-style

multi-PMT

HAWC 
Bladders

(IceCube) 
PMT active 
base



Transients with SWGO

⌾  Short-timescale sensitivity of ground-particle detectors is much 
worse than IACTs at low E! But room for improvement < 1 TeV

⌾  And a number of other advantages…
→ 100% duty cycle  higher rate and monitoring capability of transients 
 bridging the gap with satellite facilities

→ Serendipitous view - observation of onset / prompt emission of GRBs
→ A trigger instrument!

✓ Blind searches and offline checks for afterglow triggers

• Critical synergy with IACTs and other MWL + MM instruments 

✧  SWGO can bring the 10s deg2 error boxes (GBM, GW) down to ~  
deg2 

1 min sensitivity: 
• Fermi-LAT: 10-7 erg/cm2/s @ 1 GeV
• SWGO: 10-9 erg/cm2/s @ < 500 GeV 
• CTA: 10-11 erg/cm2/s @ 100 GeV
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Synergies

⌾SWGO+LHAASO
→ Full sky map of TeV-PeV  emission

⌾Strongly complements new 
generation of neutrino instruments

→ Mapping out diffuse emission / 
separating IC from pion decay emission, 
Dark Matter search +++

→ Nearby transients/flares
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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 
2022
2nd Site visit: July 
2023
Site selection: 2024? 

Yanque

A Wide-field Gamma-ray Observatory in the 
South



SWGO site selection 2024.07.31

Pampa La Pola @Atacama Astronomical Park



Potential Lakes

Lake Sibinacocha

Lake Suches



Simulation for an Lake Array

Unit detector simulation



Simulation for an Lake Array



Simulation for an Lake Array

⌾Unit detector simulation
→ surface detector, muon detector
→ parameterized detector

✓ response binned in secondary particle’s energy, zenith,…

⌾Fast array simulation
→ test different array layouts



在水上实验平台进行直线型阵列连接实验

SWGO阵列固定的实验研究进展

Credit: Jia Liu (IHEP) jialiu@ihep.ac.cn



SWGO阵列固定的实验研究进展
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浮筒横向荷载实验结果
与仿真算法匹配性

Credit: Jia Liu (IHEP) jialiu@ihep.ac.cn



SWGO Collaboration

⌾  SWGO partners
→ 14 countries, 66 institutes* 
→ + supporting scientists 

Argentina
Brazil
Chile
China
Croatia
Czech Republic
Germany

Italy
Mexico
Peru
Portugal
South Korea
United Kingdom
United States

Member Institutes
Supporting Scientists
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The Chinese Consortium

⌾ Signed by 65 faculty members, postdocs, and grad students from 12 institutes
⌾ SoI are expected to be made at the level of individual researchers



Summary

⌾  SWGO is deep into the R&D phase 
→ Figuring in the future infrastructure roadmaps in the US, EU and LA

⌾  Engineering array at few-% scale planned after CDR, in 2024+ 
⌾  Science and performance goals

→ New window for PeVatron astronomy in the southern hemisphere
✓ Complementary to LHAASO’s sky view
✓ Origin of Galactic Hadronic Cosmic-rays

→ Wide-energy range coverage 100 GeV - 1 PeV
✓ Complementary to CTA
✓ Bridging the satellite all-sky monitoring capabilities

→ Sensitivity for transient phenomena below 1 TeV
→ Crucial mass-resolved CR data at the knee region

⌾  A key instrument for MM astrophysics for the next decades!



hao_zhou@sjtu.edu.cn

Major Milestone Completed
May 2024

Thank you


