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VHE Photon Astronomy
¤ Astonishing variety of VHE emi4ers 

ª Within the Milky Way:
ª Supernova remnants
ª Novae
ª Bombarded molecular clouds
ª Colliding wind binaries
ª Massive stellar clusters
ª Pulsars and pulsar wind nebulae
ª Microquasar jets
ª Supermassive black hole Sgr A*

ª Extragalac3c:
ª Starburst galaxies
ª MW satellites
ª Radio galaxies
ª Flat-spectrum radio quasars
ª ‘BL Lac’ objects
ª Gamma-ray bursts

¤ Accelera7on to TeV+ energies 
is common, gamma-rays are 
an effec7ve probe
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Few ns light flash

Few ns spread in 
par1cle arrival at 
each detector
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~100% duty-cycle
Steradian field of view
Modest precision
Modest collec1on area

~15% duty-cycle
~4 degree field of view
High precision
Large collec1on area



H+V+M à CTA
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¤ Updated HESS Galac*c Plane Survey
ª Quen3n Remy (MPIK) et al (Proc. ICRC 2023)



HESS recent highlights (MPIK bias)
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GRB 190829A - Science (2021)

RS Ophiuchi - Science (2022)

SS 433 Jets – (coming soon)

Westerlund 1 - A&A (2022 and 2023)



La Palma

LST
23 m
4 N
2 S

MST
12 m
9 N
14 S

SST
4 m
42 S

1 km

Paranal



12

…



13



14

…



15

…



Status
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¤CTA North: La Palma
ª Advanced planning/prepara*on of 

infrastructure and MSTs
ª LST-1 running for several years
ª LST-2-4 under construc*on



Status
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¤CTA South: Paranal/Chile
ª Access road constructed
ª Power system being implemented
ª Intensive preparations

¤Telescopes/cameras destined for CTA-
South extensively tested at other sites
ª And final design adjustments being made
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Few ns spread in 
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e.g. HAWC
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GRB 221009A
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¤ z = 0.1505, photons up to (reconstructed) energy of 18 TeV

Cao et al, Science 2023



66 partner 
institutes in 14 

countries

~5000 WCDs, >4.4 km al>tude in the Andes
Collabora>on formed in 2019

arXiv:2111.13158v1
www.swgo.org
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Fermi

SWGO

HAWC

arXiv1902.08429

arXiv:2111.13158v1
www.swgo.org



Drone mapping 
from site visits

Oct 2022

Imata, Peru

Sibinacocha, Peru

13º S

24º S

Yanque, Peru
Pampa La Bola, Chile

Decision planned for 2024

Alto Tocomar, ArgenDna

Cerro Vecar, ArgenDna



27

Gewässersimula1onstank!  
⌀10 x 7m at MPIK 

Double PMT unit prototype 
with Double-Chooz PMT

Laguna Sibinacocha, 
Peru@ 5 km a.s.l



Towards Construction
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¤Full scope
ª ~6000 WCD units, $60M nominal cost
ª Nominal funding plan 1/3 US,                      

1/3 Europe, 1/3 Rest of world
¤Goal &meline

ª R&D phase completed end 2024
ª Site and key technology decisions made

ª Engineering array 2025-26 
ª 1-10% scale – at final site
ª Poten9ally HAWC-like sensi9vity in             

new hemisphere
ª 600 10” PMTs available (in hand)                 

from previous experiments
ª Build phase 2027-31

SWGO Engineering Array ?
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HAWC

Candidate configurations (13 total)

80% FF, 80,000 m2

0.6% FF

2.5% FF

LHAASO



CTA South 50 h Crab
Nebula

Galac1c Centre Diffuse

Central Molecular Zone

1 year

“strawman”

Op1misa1on zone

Point-source differen1al sensi1vity (5 bins per decade, 5 sigma)

Current IACTs
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¤Fermi+CTA+SWGO will reach the cri5cal sensi5vity

¤Thermal relic WIMP accessible over a very wide mass range via 
Galac.c Centre/Halo observa.ons @ VHE*

arXiv:1906.03353
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NB – CTA sens. updated in the meantime

*As long as the universe is not too unkind w.r.t. halo shape + Sommerfeld etc etc

SWGO 
Strawman
Sens.

WIMPs?



Summary
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¤VHE photons are a powerful probe of the non-thermal 
universe: particle acceleration is common in nature 
ª Still surprises emerging (regularly!) from the old generation of Cherenkov 

Telescope arrays (e.g. HESS)

¤UHE field emerging
ª Wide field / shower particle detectors demonstrating their UHE 

capabilities (HAWCàLHAASO)

¤New generation instruments
ª CTA construction underway – will have transformational impact
ª SWGO – strongly complementary (large scales, highest energies and 

transient phenomena) and moving quickly
ª LHAASO+SWGO strongly complement IceCube+KM3Net – Galactic emission

80th (?) Birthday Present for Subir: BSM physics with CTA+SWGO! 
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¤ Complementary probes: brightest sources in each domain unlikely to be the same
¤ UHECR accelerators should not produce a lot of TeV-PeV neutrinos or gammas (losses!)

ª But with sensi>ve enough TeV gamma and neutrino detectors – we will see them

Emission associated with accelerated protons and nuclei



Catalogue Pipeline

¤Quen.n Remy (MPIK)
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Composite: Francesco Conte
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