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Few ns light flash

Few ns spread in 
par5cle arrival at each 
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~100% duty-cycle
Steradian field of view
Modest precision
Modest collection area

~15% duty-cycle
~4 degree field of view
High precision
Large collec5on area



⌾Excellent coverage 
of northern sky
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Southern wide-field g-ray Observatory
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⌾Series of workshop culminating in Lisbon meeting in May 2019 
– convergence of a large part of community
⌾Collaboration formed July 2019 around the core concept:

o Ground-particle detection based high altitude (>4.4 km) gamma-ray 
observatory latitude -15º to -30º

o Wide energy range 100s of GeV to 100s of TeV
o High fill-factor core detector with area considerably larger than HAWC 

and significantly better sensitivity,  with a low density outer array 
o Based primarily on water Cherenkov det. Units

⌾First collaboration meeting and kick off of 3 year design study 
phase – Padova Nov. 2019



The SWGO Collaboration
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⌾ 11 countries, 44 institutes, 193 scientists
⌾ Expertise from HAWC, ARGO, MAGIC, HESS, Auger ++



Collaboration

Second collaboration meeting May 2020 – not quite in Mexico City! 
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Planning
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Site?
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-10°-50° -30°

>4.4 km above sea level
Good access to Galactic Centre
Good overlap with LHAASO
Latitude ~ -25 to -15 degrees

LHAASO

GC



Site?
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SWGO Candidate Sites



Site?

⌾Detailed 
characterisa
tion work 
started
→ Shortlist 

by end 
2020

13Chajnantor region, Chile

Laguna Sibinacocha, Peru 4.9 km

ALPACA site
near Mt Chacaltaya, Bolivia 4.7 km

5.0 kmChajnantor region, Chile

CUBIC site, Salta, ArgenFna 4.8 km

e.g.



Detector Options
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⌾Water Cherenkov detector units is core 
technology -three options under 
evaluation 
→Tanks, Ponds and Lake-based

⌾All aspects being optimised
→Unit dimensions, wall reflectivities, 

photosensor nature/locations, …

⌾Final design will depend on choice of site
→e.g. cost of water transportation in 

comparison to other costs, civil engineering 
costs, feasibility for lake-based solution



Muon Identification

⌾Muon tagging has huge potential 
for gamma/hadron sep. (above 
about 1 TeV)
→c.f. LHAASO

⌾Aim to incorporate muon 
identification in to (all of) the 
water Cherenkov detector units
→Double layer, or
→Multi-sensor – time and intensity 

measurements to tag single 
through-going particles
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16Mul9-sensor, CATIROC?

e.g.



Simulations
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CORSIKA + GEANT4
Building on HAWC simulation & analysis framework



Reference Configuration

18Reference tank size – 3.9m diam., 2.5m deep

Reference PMT HPK R5912 (8’)

80% Fill factor inner region 160m radius

⌾Defining right now a ‘Reference Configuration’ 
→Plausible and costable, not yet optimised 
→Start point for simulations and analysis development

⌾Simulate a ‘super-configuration’ 
→Subset is Reference Configuration
→Simultaneously test:

ü Single layer, multi-sensor v double layer

ü White v. black walls

ü Larger/smaller arrays

ü Higher QE PMTs, etc, etc



Events

⌾Water v black walls
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Cylindrical 
tanks 20cm 
gaps, 80% 
fill factor

~5% Fill 
factor

metres



Lake Concept
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10m diam, 6m high

⌾Test facility just being 
finished at MPIK



Science Performance Benchmarks 
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⌾Science 
Benchmarks 
under 
development 
à optimisation 
of the detector 
design for best 
science 
performance



22

1 kpc 10 kpc 100 kpc 1 Mpc 10 Mpc 100 Mpc 1 Gpc

0.0001 0.01 0.1 1.0z ~ 0.001

Gamma-ray Bursts (2)

second

minute

hour

day

month

year+

Active 
Galaxies

Gal.
Binaries

Extragal. 
Extended

Ti
m
es
ca
le

Distance

Gal. Extended

GRBs



23

1 kpc 10 kpc 100 kpc 1 Mpc 10 Mpc 100 Mpc 1 Gpc

0.0001 0.01 0.1 1.0z ~ 0.001

Gamma-ray Bursts (2)

second

minute

hour

day

month

year+

Active 
Galaxies

Gal.
Binaries

Extragal. 
Extended

Ti
m
es
ca
le

Distance

Gal. Extended

SWGO

CTA

SWGO

CTA

SWGO CTA Follow up of SWGO detected Galac5c Sources

Follow up of SWGO detected Transients

Follow up of SWGO detected Flares

GRBs

1⃣

3⃣

2⃣



GRBs

⌾ The big news of 2019 
→ 3 GRB detections -

HESS+MAGIC
→ Emission up to ~TeV established
→ Emission deep in to afterglow
→ All Swift-BAT triggers

⌾Most GRBs are not well localised
→ BAT FoV is 1.4 sr
→ SWGO as a finder for VHE bursts 
àtriggers to CTA

⌾Also GW error boxes…
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Large-scale emission
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⌾CTA will give the detailed view of the Galactic Plane
⌾SWGO?

→Local (off-plane, large angular size) sources
→Diffuse Galactic Emission (e.g. atomic gas and IC 

emission up to large scale heights)
→CMZ à Chimneys à Fermi Bubbles 
→ ‘Halos’ around CR accelerators
→WIMP search
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SWGO+LHAASO: Very 
powerful in combination 

with the neutrino sky 
from IceCube-Gen2. & 

KM3Net: ARCA



Cosmic ray measurements

⌾ In particular – anisotropy
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arXiv:1812.05682

⌾HAWC+IceCube à LHAASO+SWGO

→Understanding interstellar turbulence 
and local CR sources 



Conclusions
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⌾Strong motivation for a southern hemisphere wide field of view high 
duty cycle detector!

o SWGO – 3 year design/preparation period à project launch!

⌾Strong complementarity between SWGO & CTA
o Detecting hard spectrum sources à CTA follow-up
o Triggering CTA: flares and transients
o Large scale emission complementing CTAs detailed view

⌾SWGO & LHAASO
o Huge potential for scientific and technical synergies!
o SWGO collaboration very enthusiastic about collaboration

Fermi, NASA


