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Ground-based g-ray astronomy
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Complementary 
techniques



Current & near-future observatories
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LHAASO PeVatrons:
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LHAASO PeVatrons:

Crab
Nebula
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⌾  Access to the Galactic plane and Galactic center,
⌾  Complementary with LHAASO and HAWC     → Niche for SWGO.

Science Case: 
https://arxiv.org/
abs/1902.08429

https://arxiv.org/abs/1902.08429
https://arxiv.org/abs/1902.08429


The SWGO Collaboration
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⌾  Formed in 2019; 3 yr R&D phase (design & site choice)

⌾  47 institutes in 12 countries + Supporting scientists
⌾  * In China: TDLI, SJTU Shanghai – Hao Zhou (周浩 ) & GG

+ China

*



Working Groups & Milestones 
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The Science Case for SWGO
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The Science Case for SWGO

12



The Concept
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⌾  The 

© Richard White (MPIK)



Site candidates for SWGO
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Site candidates for SWGO
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⌾  The 



Detector layout (Reference config.)
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Design based primarily on Water Cherenkov Detector (WCD) units.



Design options
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⌾Exploring 3 concepts for the detector units: Tanks (like HAWC), 
pond (like LHAASO), and a natural lake.

⌾Exploring unit dimensions, photosensors, … (Performance/Cost 
optimization)



Units: Testing different concepts
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Double-layered Water 
Cherenkov Detector: 

Smaller Water Cherenkov 
Detector with 4 PMTs:

Kunwar et al, Proc. ICRC 2021

Conceição et al, Eur.Phys.J.C 
81 (2021) 6, 542



Analysis & Simulations

20

⌾  Simulations to compare different detector concepts,
⌾  Build on the analysis & simulations framework from HAWC.

 



Sensitivity range (exploration)
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GRBs and AGNsGRBs and AGNs

Extended sources, Extended sources, 
diffuse emission, DMdiffuse emission, DM

  

PeVatronsPeVatrons

Science Case: 
https://arxiv.org/abs/1902.08429

https://arxiv.org/abs/1902.08429


Angular resolution
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⌾Goal:
To have an unprecedented 
resolution for such a wide 
field VHE-UHE observatory.



Core Science Cases
& Benchmarks for SWGO
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Galactic sources and large-scale emission
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⌾ Search for PeVatrons: Good view of the Galactic plane and of its sources 
(Southern hemisphere), Sensitivity at ~100 TeV.

HAWC 
Collaboration

⌾ CTA will provide a detailed view of the Galactic plane.
SWGO will be a complementary observatory:

→ Improved sensitivity to sources with large angular sizes (>0.5o), such as 
PWNe and TeV g-ray halos.

→ SWGO should expand the energy reach of known sources and probe deeper 
into more extended ones, with excellent ang. separation capabilities <0.5o.



TeV g-ray halos
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⌾ Mainly studied by wide-field instruments due to their extension.
 

⌾ SWGO will be able to:
→ Characterize nearby ones through morphological measurements,
→ Observe and detect further away ones (need for a good angular resolution 
to avoid source confusion).

Observability of halos
within 600 pc

Required angular resolution:
→ 0.5o to resolve 93% of halos within 500pc;
→ 0.2o to resolve 98% of them.

© Alison Mitchell

© Ruben Lopez-Coto

See R. Lopez-Coto’s 
talk for details



Diffuse emission and Fermi Bubbles
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⌾ Diffuse emission from the Galactic Plane 
up to PeV energies: 
 

  → A wide-field instrument with an excellent 
background rejection will be optimal for the 
detection of such very extended, dim emission.
 

⌾ Fermi Bubbles:
 

→ Their (non-)detection at TeV energies will 
allow to disentangle between a number of 
theoretical scenarios.



Gamma-ray transients
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Gamma-ray transients
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Gamma-ray transients
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Dark Matter targets in SWGO’s FoV

30Slide from A. Albert (LANL), APS (April 2021)

(closest dense region of DM)



WIMP Annihilation
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⌾ Reaching critical sensitivity: Thermal relic WIMP annihilation signature accessible 
over a very wide mass range (Galactic Center/Halo observations at VHE).
  

⌾ SWGO + CTA + Fermi will explore thermal WIMPs from 5 GeV to 100TeV.



Cosmic rays
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Cosmic rays
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⌾ A probe of the dipole (10-3 amplitude) will be 
achievable up to energies of at least 3 PeV.
 

⌾ At 10 TeV (100 TeV), a probe of multipoles up 
to l~20 (l~6) will be possible (strawman).
 

⌾ Currently studying how many mass groups 
between proton and iron may be resolved. 



⌾ The southern sky needs a wide-field VHE-UHE gamma-ray observatory:
→ Unique view of the Galaxy and its center
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⌾ A strong Science Case from 100 GeV to PeV:
→ PeVatrons, Galactic sources (incl. extended, e.g. halos), VHE diffuse 

emission, (extragalactic) transients, physics beyond the SM, CR physics,…

⌾ R&D phase under way. SWGO advancing towards design and site choices. 
Choice of site and detector in 2023.

Conclusions

⌾Very open for new partners.
Looking forward to strong partnerships with LHAASO and CTA!

→ Strong synergies with LHAASO expected: A complete view of the sky 
(diffuse emission, CR anisotropy, etc...) 

→ Strong complementarity with CTA and neutrino observatories: e.g. 
Detection of hard spectrum sources for CTA followup, Triggering CTA/MM 
Observatories on flares or transients, etc...



Thank you! 谢谢！
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www.swgo.org

http://www.swgo.org/
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