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High Energy Stereoscopic System (H.E.S.S.)2



CTA, H.E.S.S., Veritas, MAGIC

Imaging Atmospheric 
Cherenkov Instruments  

CTA North site: 4 LST+ 9 MST CTA South site: 14 MST + 37 SST3



Large size telescope (LST) CTA (first light Dec. 2018)4
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Science with CTA, 2017 

Main scientific projects (CTA)
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CTA: Largest OPEN observatory in the world in the VHE 
range (20 GeV-300 TeV), full sky

1. Short timescale sensitivity (<300 GeV, 3-4 orders 
of magnitude above Fermi-LAT)


2. Angular resolution (~arcmin >100 TeV)

3. Large FoV (~8°), adapted for surveys 

4. Rapid response (<30 s for LSTs)

5. 2025-2027




Galactic Extragalactic 

The TeV sky: what are we looking at?

16



Galactic Extragalactic 

The TeV sky: what are we looking at?

Galactic center 17



Galactic Extragalactic 

The TeV sky: what are we looking at?

Galactic center

Galactic Plane 
Survey 

18



Galactic Extragalactic 

The TeV sky: what are we looking at?

Galactic center

Galactic Plane 
Survey 

19

Novae



Galactic Extragalactic 

The TeV sky: what are we looking at?

Galactic center

Galactic Plane 
Survey 

Star forming 
regions

20

Novae



Galactic Extragalactic 

The TeV sky: what are we looking at?

Galactic center

Galactic Plane 
Survey 

LMC survey

Star forming 
regions

21

Novae



Galactic Extragalactic 

The TeV sky: what are we looking at?

Galactic center

Galactic Plane 
Survey 

LMC survey

Star forming 
regions

Starburst 
galaxies

22

Novae



Galactic Extragalactic 

The TeV sky: what are we looking at?

Galactic center

Galactic Plane 
Survey 

LMC survey

Star forming 
regions

Starburst 
galaxies

Transients (GRBs/ 
supernovae) 23

Novae



Galactic Extragalactic 

The TeV sky: what are we looking at?

Galactic center

Galactic Plane 
Survey 

LMC survey

Star forming 
regions

Starburst 
galaxies

Transients (GRBs/ 
supernovae) 

Clusters of 
galaxies

24

Novae



Galactic Extragalactic 

The TeV sky: what are we looking at?

Galactic center

Galactic Plane 
Survey 

LMC survey

Star forming 
regions

Starburst 
galaxies

AGN + jets
Transients (GRBs/ 

supernovae) 

Clusters of 
galaxies

25

Novae



Galactic Extragalactic 

The TeV sky: what are we looking at?

Galactic center

Galactic Plane 
Survey 

LMC survey

Star forming 
regions

Starburst 
galaxies

AGN + jets
Transients (GRBs/ 

supernovae) 

Clusters of 
galaxies

26

Novae



Galactic Extragalactic 

The TeV sky: what are we looking at?

Galactic center

Galactic Plane 
Survey 

LMC survey

Star forming 
regions

Starburst 
galaxies

AGN + jets
Transients (GRBs/ 

supernovae) 

Clusters of 
galaxies

27

Novae



28

CTA: multi—messenger program (transients!)

1.Gamma ray bursts: external alerts from various facilities. Few 
GRBs/year expected


2.Galactic transients: PWNe, X-ray binaries, Novae expected 
from regular GPS monitoring


3.High energy neutrino transients: follow-up interesting events 
to maximize chance of counterpart


4.GW transients: follow-up with large FoV (divergent pointing 
strategy)


5.Core-collapse Supernovae: not detected yet

Barres & Longo 2023
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Ability to receive alerts from many facilities: « transient handler » 

Ability to deliver alerts to the external community in near-real-time
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CTA: multi—messenger program (transients!)

Barres & Longo 2023

Online analysis:  from 10s to 30 min

Science alert: generated in 30 s


Fast follow-up: less than 30s after external trigger  
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CTA: multi—messenger program (transients!)
Regular  (1-3 per week) follow-up observations of GW-

GRBs and neutrino alerts

1. Optimal pointing pattern: to cover the largest total 
uncertainty region (10-1000 deg2)


2. Optimal pointing cadence: exposure time to reach 5-sigma

3. Site coordination: to prioritize best observational conditions

4. Divergent pointing mode: to increase FoV

Barres & Longo 2023
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CTA: multi—messenger program (transients!)
Preparation of observations, study of strategies of detection and 

follow-up programs, using synthetic populations: 
GRB population study: POSyTIVE (Bernardini et al. 2019)


NS-NS mergers: GWCOSMoS (Patricelli et al 2018)

Neutrino source population: FIRESONG (Tung et al. 2021)
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CTA: multi—messenger program (transients!)
Preparation of observations, study of strategies of detection and 

follow-up programs, using synthetic populations: 
GRB population study: POSyTIVE (Bernardini et al. 2019)


NS-NS mergers: GWCOSMoS (Patricelli et al 2018)

Neutrino source population: FIRESONG (Tung et al. 2021)

IceCube IC-170922A associated to flaring gamma-ray blazar TXS 0506+056

Neutrinos accompagnied by VHE gamma rays from pp and p  : in 1/3 of 
cases, detection with CTA in 10 minutes (Satalecka  2019, Bosnjak 2021)

γ

CTA NToO : Neutrino target of opportunity program 

Example: Neutrinos! 

Aartsen et al. 2018 Sergijenko et al. 2023, Barres de Almeida et al. 2023



CTA: multi—messenger program, not only transients!
Supernova remnants: MWL + neutrinos

PC et al. 2021
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Core-collapse supernovae (extragalactic), not yet 
detected in the VHE domain

(Article CTA consortium)
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Modeling particle acceleration and 
gamma rays 

Detectability and strategy of detection with CTA
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Modeling particle acceleration and 
gamma rays 

Observations triggered from other observatories (case of SN2023ixf) 

MWL + neutrino follow-up



CTA: an open observatory

Open observatory: allows external teams to propose observational 
programs 

Data + analysis software available to everyone (after 
1 year proprietary period) 

Open data: essential for MM science, data archives accessible to 
everyone

Barres & Longo 2023



CTA: an open observatory

Data + analysis software available to everyone (after 
1 year proprietary period) 

Work on Data model, 
format, access portal, 
Data challenge 2024

Servillat, Boisson et al. 2022 

Donath, Terrier et al. 2023



Take away 
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LST-1 already taking data 
More LSTs+ SSTs by 2025

VHE follow-up + alerts for various candidates (blazars, 
neutrino sources, supernovae, Galactic transients + 

many more)
« CTA France » (talk Stephen Fegan)
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https://www.worldscientific.com/doi/pdf/10.1142/9789813270091_0002

CTA in the MWL & MM era


