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Ground based instruments
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Instruments around the world
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VERITAS
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+ LST
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HAWC
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Tibet/ARGO-YBJ
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Stronger together !
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Hinton 2021

Hofmann 2020 

https://pos.sissa.it/395/023/pdf
https://www.sciencedirect.com/science/article/abs/pii/S0927650520300517
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Catalogue of VHE and UHE ɣ-ray sources - search for PeVatrons

10

65 sources reported by HAWC, including 

9 sources with E > 56 TeV, 3 sources > 100 TeV

49 HAWC sources are spatially 

associated with a pulsar (with available 

distance)

1910 days

Albert et al. 2020

https://arxiv.org/pdf/2007.08582.pdf


Catalogue of VHE and UHE ɣ-ray sources - search for PeVatrons
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90 sources reported by LHAASO, 

43 of them detected at UHE ( > 100 TeV)

508 days

933 days

Cao et al. 2024

https://arxiv.org/pdf/2305.17030.pdf


(Very) extended sources

12

Aharonian et al. 2021

Mitchell et al. 2021

Challenging for Cherenkov telescopes (but not impossible)

-> Detection of Geminga by H.E.S.S. (HESS collaboration, 2023)

New class of VHE ɣ-ray sources : pulsar halos

• Constrain positron excess

• Probe ISM characteristics (diffusion coefficient)

• Understand galactic pulsar population

• Find mis-aligned pulsars

The HAWC collaboration, Science 358, 911 (2017)

First announced by MILAGRO (2009)

https://arxiv.org/pdf/2108.02556.pdf
https://arxiv.org/pdf/2304.02631.pdf


A big surprise from particle detectors: microquasars 

V4641 Sgr

SS 433



⚫LHAASO now detects 5 BH-jet systems above 25 TeV : SS 433, V4641 Sgr, 

GRS 1915+105, MAXI J1820+070 and Cygnus X-1

⚫Data up to 30 TeV can be explained well via the IC radiation of electrons

⚫Above 100 TeV, suppression by the Klein-Nishina effect => additional

hadronic component needed => SS 433 injecting PeV protons at a power of 

~1038 erg/s ?

⚫V4641 Sgr : electrons face difficulties to reproduce spectrum up to PeV => 

in hadronic scenario, V4641 energizes protons up to energies of ~10 PeV

SS 433 SS 433

LHAASO collab., arXiv:2410.08988

PeV acceleration from microquasars ! 

https://ui.adsabs.harvard.edu/link_gateway/2024arXiv241008988L/arxiv:2410.08988


Transient events
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More than 64,000 photons 

(> 0.2 TeV) detected within 

the first 50 minutes

Fermi GBM

LHAASO

LHAASO field of view
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South We GO !

The SWGO collaboration

‣Founded in 2019

‣90 research institutions from 15 countries

‣Full partner institutes in Argentina, Brazil, Chile, China, 

Croatia, Czech Republic, France, Germany, Italy, Mexico, Peru, 

Portugal, South Korea, United Kingdom and United States

‣Supporting scientists in 10 additional countries

Spokesperson : Jim Hinton, MPIK Heidelberg, Germany

Vice-spokesperson : Petra Hüntemeyer, MTU, Michigan, US

Ulisses Barres de Almeida, CBPF, Brazil

SWGO : The Southern Wide-field Gamma-ray Observatory



SWGO experiment concept

• Ground-level particle
detection

• ~100% duty cycle

• ~1 sr wide field of view

• In: Atacama Astronomical
Park, Chile

• Altitude: 4770 m.

• Energy: 100s GeV - ~PeV

• Water Cherenkov detector 
units.



SWGO - Site selection !
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The SWGO collaboration

Pampa La Bola, in the Atacama Astronomical Park. Credit : Cesar Ocampo, AAP

► Pampa La Bola, Atacama Astronomical 

Park, Chile (neighbour of ALMA)

► altitude : 4700 m

► water from the nearby city Calama

► back-up site : Imata in Peru

https://www.swgo.org/SWGOWiki/doku.php?id=start


SWGO – Project status

Rapidly reaching end of R&D phase

► Excellent gamma/hadron separation from dual layer approach

► Aim for small Nb of WCDs on site during 2025

► Major funding applications in prep.



21

Timeline :

Site selection Funding 

applications

Building of an 

engineering array 

(1-10%)

2023                             2024                             2025                             2026    

R&D plan

2028

Full 

construction 

phase

Design 

finalisation

SWGO – The pathfinder



SWGO-A

Schedule dependent on 

Funding proposals under

review (NSF, Brazil…)



Sensitivity of SWGO-A

Between HAWC and LHAASO (1 – 20 TeV)

1 year obs
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French contribution
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► 4 French researchers joined the SWGO collaboration in June 2024 + 1 supporting scientist :

► Marianne Lemoine-Goumard (french representative) and Armelle Jardin-Blicq (LP2iB),

► Régis Terrier and Bruno Khélifi (APC) - Lead Developer and Project Manager of gammapy, 

► Fabian Schlüsser (CEA, supporting scientist)

► Master Projet IN2P3 since June 2024

► Contributions :

► Instrumentation : coordination with Central Nantes for bladder tests in wave basins,

: recycling of PMTs from Antares (ECAP, Erlangen), 

: help with electronic tests and prototypes in Chile

: computer cluster on site and real time analysis for flare alerts (ANR rejected)

: solar system powering the cluster for the pathfinder (AAP under review)

► Software : implementation of IRFs and background models in gammapy, 

► Science topics : extended sources (SNR, PWNe, pulsar halos), 

: star forming regions, 

: variable sources (microquasar, novae, gamma-ray bursts) 

-- synergy with CTAO --



Tests of the bladders in Nantes

► Idea @MPIK to have a 2nd phase focusing on the PeV domain using a lake (natural or artificial) 

► Bladders deployed near the surface => require to test the performance/durability of the set up and 

material against potential wind/waves

► Armelle, Thierry & Marianne involved in the discussion since June 2024

► Tests from March 30th to April 4th: Thierry & Marianne on site (funding from RRI origins)



Synergy CTAO - SWGO

PeVatrons Transients



Human ressources @ LP2i Bordeaux

NB: T. Reposeur passera au 4/5e en 2025 et prendra sa retraite en milieu d’année 2026

• Contribution to SWGO slowly increases

• Higher contribution to CTAO

• Stay involved in Fermi at least until 2028 for MWL coverage



Conclusions
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► Two complementary detection techniques to detect 𝛄 rays from the ground

► HAWC and LHAASO covering the Northern hemisphere. 

SWGO will join in the Southern hemisphere in a few years.

► Complementarity with CTAO for transient, very extended 

sources and PeVatrons) ; synergy with neutrino and GW alerts

► Estimated cost : ~65 M USD - NSF application for 20 M USD

Preliminary proposal accepted ! Full proposal for June 5th

► 4 French members, 2 @ LP2i Bordeaux 

► Up to now, no French institute involved in WCD experiments (only a few individual contributions)
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Tibet/ARGO-YBJ

HAWC

LHAASO

Instruments around the world

WCD

VERITAS

MAGIC

H.E.S.S.

IACT

SWGO



SWGO-A total cost



SWGO Total cost

► Chile: 75 M$ cost estimate at year 10

most expensive, less risky, best LE science



Pampa la Bola

► SWGO site PLB+ and PLB++

► Within the Atacama Astronomical Park

► Close to the ALMA Observatory: connect SWGO to a 

fiber optic





SWGO Galactic Plane Survey

► Number of detections of CTA-GPS matched by SWGO in 5 years !

► 70% sources in common => increase total number of detections by joint analysis





Right Ascension



Demandes de financement / thèses

► 2 Missions à Nantes financées par le RRI Origins

► ANR rejetée (PI M Lemoine) => re-soumission pour 2026

► Marie Curie Joint-doctorate submitted (co-PI M Lemoine, 4 theses dont 1 sur SWGO)

► AAP Département SMR: 9.5 keuros (PI M Lemoine)

► Projet Emergence UPC (40 keuros, PI M. Cerutti)

► Demande de these Infinity2 en 2026

► P. Cristofari intéressé par SWGO => financement du transport des OMs du CPPM vers ECAP ?

► …..



AAP SMR : Panneaux solaires

2 kW en continu jour et nuit avec de l'énergie solaire 

48 kWh sur 24 heures alimenté par une production solaire effective pendant 5 heures

10 kW de panneaux solaires

24 kWh de batteries pour le stockage

un onduleur hybride 10 kW
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