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Star clusters
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https://www.mpi-hd.mpg.de/hfm/HESS/pages/home/som/2010/04/
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Novae

6https://arxiv.org/pdf/2202.07681



Novae

7https://arxiv.org/pdf/2202.07681
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The unexplored spectrum gap
•  g–ray sources observed with EGRET 

satellite (E < 10 GeV)
• 271 sources (171 unidentified)

Satellite effective area < 1 m2

n Old generation ground-based 
experiments observe few sources with 
E > 300 GeV.

Effective area > 104 m2

Strong cutoff in g-spectrum for 
30 Gev < E < 300 GeV
Explore energy gap with MAGIC



Large mean free path…
Transparency of the Universe
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Þ Attenuation of g rays 
through interaction with 
background radiation 

Photon Propagation Effects
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Any g  that crosses cosmological distances through the universe interacts with the EBL

Gamma Ray Horizon
−+→ eeEBLHE γγ

€ 

Eε 1− cosθ( ) > 2 mec
2( )
2

The absorption effect 
seen on a nearby blazar

Mkn 501 (z=0.034)
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Mkn 501 (z=0.034)

Gamma Ray Horizon

n Absorption increases with energy of g-rays
n Absorption leads to cutoff in AGN spectrum   
n Measurement cutoff of several sources allows 

extraction of EBL

n lower energy threshold 
=> observe more distant sources 

old generation IACTs

MAGIC I

future IACTs

Fazio-Stecker relation 

g-rays  traveling cosmological distances interact with Extragalactic 
Background Light (EBL)

-+® eeEBLHE gg
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MAGIC phase I

MAGIC phase II

Defined as the distance for which the optical depth for pair production process  is  t 
= 1 (i.e. a reduction 1/e of the flux of the extragalactic source).

( ) 1, =zEτ

Gamma ray horizon (GRH)



15

For the energy range of IACTs (10 GeV - 10 TeV), the interaction takes place with the infrared 
(0.01 eV - 3 eV , 100 µm - 1 µm ).
Origin

n Star formation
n Radiation of stars
n Absorption and 
    reemission by ISM

By measuring the cutoffs in the 
spectra of AGNs within the, 
MAGIC can help in determining 
the IR background

Extragalactic absorption



Extragalactic Sources

§ Physics of 
AGN jets

§ Cosmological 
extragalactic 
background 
light (EBL)
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Active Galactic Nuclei





IC 310

Aleksic et al 2015



IC310

20Aleksic et al 2015



IC310

21Aleksic et al 2015



Previous results
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PKS 2155 -304

24
Aharonian et al 2007



Contact with Fermi



3c279



AGN



PKS 1441+25
z=0.9397!

28Ahnen et al 2016



PKS 1441+25
z=0.9397

29Ahnen et al 2016



Lensed Blazar



AGN model



MAGIC – EBL measurements

Albert et al. 2008



EBL measurements



EBL measurements



Photon – Axion Oscillation



Photon – Axion Oscillation



GRB repoint

Current satellites giving alerts 
in short time: FERMI, 
INTEGRAL, SWIFT 

Delays of alerts from less than 
10s to some minutes

Very fast repositioning 
capabilities are therefore 
requested:

10 to 20 seconds!



GRBs



MAGIC– I upper limits

J. Aleksic  et al., 2014 
GRB 090102



HESS - I upper limits

Abramowski et al. 2014
GRB 100621A



GRB 130427A



GRB VHE emission. Single photons matter

Ackermann et al. 2014
GRB 130427A



VERITAS upper limits

Aliu et al. 2014GRB 130427A



HAWC upper limits

Abeysekara et al. 2015 GRB 130427A



MAGIC detection



MAGIC detection

Acciari et al. 2019aGRB 190114C



MAGIC detection

GRB 190114C Acciari et al. 2019a



MAGIC detection

GRB 190114C Acciari et al. 2019b



MAGIC detection

GRB 190114C Acciari et al. 2019b



GRBs @ VHE ! (GRB 180720B) 

Abdalla et al. 2019



GRBs @ VHE ! (GRB 180720B) 

Abdalla et al. 2019GRB 180720B



MAGIC & HESS detection

Zhang B., Nature News & Views (20/11/2019)



GRBs @ VHE ! (GRB 190829A) 

Abdalla et al. 2021



GRBs @ VHE ! (GRB 190829A) 

Abdalla et al. 2021



GRBs @ VHE ! (GRB 190829A) 

Abdalla et al. 2021



GRBs @ VHE ! (GRB 190829A) 

Abdalla et al. 2021



GRBs @ VHE ! (GRB 190829A) 

Salafia et al 2022



GRBs @ VHE ! (GRB 201216C) 

Abe et al. 2023



GRBs @ VHE ! (GRB 201216C) 

Abe et al. 2023



GRBs @ VHE ! (GRB 201216C) 

Abe et al. 2023



GRBs @ VHE ! (GRB 221009A) 

Cao et al. 2023



GRBs @ VHE ! (GRB 221009A) 

Cao et al. 2023



GRBs @ VHE ! (GRB 221009A) 

LHAASO Collaboration et al. 2023



GRBs @ VHE ! (GRB 221009A) 

LHAASO Collaboration et al. 2023



GRBs @ VHE ! (GRB 221009A) 

LHAASO Collaboration et al. 2023



Astrofisica Nucleare e Subnucleare
Future detectors



H.E.S.S.

MAGIC MAGIC II

H.E.S.S. II

2004     2005     2006     2007     2008     2009     2010     

Design Study of Large Telescope

Design Study of Wide Angle Telescope

Site Survey

Characterization of Low Energy Showers

Advanced photon detector

Experimental Study of High Altitude effect

Technology for Fully Robotic Telescope

Final
Conceptual

Design
under

New collaboration

Ultimate Ground-
based Cherenkov 
Telescope System

Larger Dish,
High Altitude,

Advanced detector,
Wide Angle

International collaboration
CANGAROO, VERITAS, etc.

Science 
Review

Roadmap to the Next Generation 
Cherenkov Gamma Ray Telescope



hunt for lowest threshold:  bigger is better !!!???

HESS-II  (28m)

ECO-1000 ? (34m)

New Cherenkov telescopes



New Cherenkov telescopes

http://isdc.unige.ch/fact/



Outlook: What next ?
The Cherenkov Telescope Array 

(CTA)

aims to explore the sky in the 
10 GeV to 100 TeV energy 
range
builds on demonstrated 
technologies
combines guaranteed science 
with significant discovery 
potential
is a cornerstone towards a 
multi-messenger exploration of 
the nonthermal universe



CTA



CTA



CTA
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Toward the future!



79U.Barres – COSPAR 2020
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R.Zanin – TeVPa 2019
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R.Zanin – TeVPa 2019
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R.Zanin – TeVPa 2019
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R.Zanin – TeVPa 2019
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R.Zanin – TeVPa 2019



ASTRI



ASTRI



ASTRI



88U.Barres – COSPAR 2020
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90U.Barres – COSPAR 2020

Small Size
Telescope 
SST (4 m)

Medium Size
Telescope 
MST (12 m)

Large Size
Telescope 
LST (23 m)



91U.Barres – COSPAR 2020
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R.Zanin – TeVPa 2019



95R.Zanin – TeVPa 2019M                        



CTA performance

96https://www.cta-observatory.org/science/cta-performance/



98U.Barres – COSPAR 2020



CTA

n99



CTA telescopes – first results

100https://www.cta-observatory.org/lst1-detects-first-gamma-ray-signal/



CTA telescopes – first results

101https://www.cta-observatory.org/lst1-detects-vhe-emission-from-crab-pulsar/



CTA telescopes – first results

102https://www.cta-observatory.org/sct-detects-
crab-nebula/



CTA telescopes – first results

103https://www.cta-observatory.org/astri-detects-crab-at-
tev-energies/



104U.Barres – COSPAR 2020
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107U.Barres – COSPAR 2020



Science with CTA
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https://arxiv.org/abs/1709.07997



109U.Barres – COSPAR 2020



110
U.Barres – COSPAR 2020



Dark Matter with CTA

111https://arxiv.org/abs/2007.16129



Dark Matter with CTA

112https://arxiv.org/pdf/2309.03712



Dark Matter with CTA

113https://arxiv.org/pdf/2309.03712



Dark Matter with CTA

114https://arxiv.org/pdf/2309.03712



Dark Matter with CTA

115https://arxiv.org/pdf/2403.04857
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U.Barres – COSPAR 2020



117U.Barres – COSPAR 2020



118LHAASO Catalog



Galactic Science with CTA

119https://arxiv.org/pdf/2310.02828



Galactic Science with CTA

120https://arxiv.org/pdf/2310.02828
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G. Rowell – COSPAR 2020



Cosmology and Fundamental 
Physics

122https://arxiv.org/abs/2010.01349



Cosmology and Fundamental 
Physics

123https://arxiv.org/abs/2010.01349



124U.Barres – COSPAR 2020

+ GRB 201216C (z = 1.1)  



125G. Rowell – COSPAR 
2020

M                        



127U.Barres – COSPAR 2020



Galactic Science with CTA

128https://arxiv.org/pdf/2405.04469



Galactic Science with CTA

129https://arxiv.org/pdf/2405.04469



131U.Barres – COSPAR 2020



CTAO

132https://www.ctao.org/


