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TeV detectors 



n 3 

IACT & EAS experiments 
    •  Cherenkov experiments consist 

of almost-optical telescopes 
devoted to detect Cherenkov 
light. 

    •  EAS (Extensive Air Shower) 
experiments are huge arrays or 
carpets of particle detectors. 

    •  Cherenkov experiments have 
lower energy thresholds, but 
also a lower duty-cycle as well 
as a smaller field of view.  
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The Galactic  
center 
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TeV gamma rays from GC 

Whipple  
1995 – 2003 
3.7 σ 

CANGAROO 
2001/2002 
> 10 σ

Point source (on 0.3o resolution scale) 

Tsuchiya et al. 
2004 
67 h on 

Kosack et al. 2004 
26 h 



Galactic Center 

Sgr A 

Diffuse 
emission 

Nature,	
  Feb.	
  9th	
  2006	
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Sagittarius A 

Radio TeV    H.E.S.S. 

Sgr A* 

Sgr A East 
SNR 

Systematic 
pointing error 
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Sagittarius A 

TeV    H.E.S.S. 

Point-like core 

Extended tail 
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Gamma ray spectrum 
•  Power law,   

index 2.3 
•  No significant 

variability 
– on year scale 
– on month 

scale 
– on day scale 
– on hour scale 
– on minute 

scale 
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Origin ? 

•  Sgr A East SNR as proton accelerator ? 
•  Decaying UHE neutrons ? 
•  Shocks in Sgr A* accretion flow or wind ? 
•  Curvature radiation of UHE protons near Sgr A* 
•  Dark matter annihilation ? 

–  “Normal” SUSY neutralinos 
–  Kaluza-Klein particles 
–  SUSY messenger sector 

•  … 
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Dark matter annihilation ? 

For pure DM 
origin 

•  rather large mass 
•  large x-section or 

density 
•  unusual spectrum or 

superposition of 
spectra 

10-13
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  Abramovski	
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  (2016)	
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The	
  “Pevatron”	
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  Abramovski	
  et	
  al.	
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LHAASO	
  Pevatrons	
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  Cao	
  et	
  al.	
  (2021)	
  	
  



LHAASO	
  Pevatrons	
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  Cao	
  et	
  al.	
  (2021)	
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Crab Nebula 



A (minimal) standard model: what do we expect? 

Explains most of the observations, not necessarily the most interesting… 



The Crab PWN 



The	
  Crab	
  Nebula	
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  Aleksic	
  et	
  al.	
  (2015)	
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Pulsars: GR & Electrodynamics 

from J. Dyks et al. 



MAGIC – the Crab PSR 

Albert et al. 2008 



The Crab PSR 



The Crab with VERITAS 



The Crab with VERITAS 



Crab PSR 



Crab	
  PSR	
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  Ansoldi	
  et	
  al.	
  (2016)	
  	
  



Crab	
  PSR	
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  Ansoldi	
  et	
  al.	
  (2016)	
  	
  



Crab	
  PSR	
  new	
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  Ansoldi	
  et	
  al.	
  (2016)	
  	
  



Crab	
  PSR	
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  Aharonian	
  et	
  al.	
  (2012)	
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CTA1 PWN 
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PSR B1259-63 

§ Binary system 
§ Strong stellar wind 
§  Shock at wind-
pulsar interaction 
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PSR B1259-63 

-20 days 
Mar 04 

A (2000) 

B (2001) 

Model: Ball & Kirk 2000 

Complex structure depending on alignment 
of pulsar and stellar wind 

CANGAROO    
Kawachi et al. 2004 

+20 days 
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PSR B1259-63 

~ 10 days before 
   periastron 
   (Feb./March) 

~ 9 σ pre-periastron 
~ 6 σ post-periastron 
Flux ~5% Crab 
Index 2.8±0.3(stat) 

Periastron 

H.E.S.S.  
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The B1259-63 field of view 

early March 04 Apr./May 04 Feb. 04 

First variable galactic TeV source 



LSI 61+303 binary source 



VHE	
  Binary	
  Sources	
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SS433	
  HAWC	
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SS433	
  HAWC	
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The unexplored spectrum gap 
•   γ–ray sources observed with EGRET 

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

Satellite effective area < 1 m2 

n  Old	
  genera<on	
  ground-­‐based	
  
experiments	
  observe	
  few	
  sources	
  with	
  
E	
  >	
  300	
  GeV.	
  

Effective area > 104 m2 

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



Large mean free path… 
Transparency of the Universe 

4.5 pc 

450  kpc 

150  Mpc 

Nearest Stars 

Nearest Galaxies 

Nearest Galaxy Clusters 

Milky Way 

e+ 

e- 

γ

γ (BCK) 
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⇒ Attenuation of γ rays 
through interaction with 
background radiation  

Photon Propagation Effects 
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Any	
  γ	
  	
  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  Absorp<on	
  increases	
  with	
  energy	
  of	
  γ-­‐rays	
  
n  Absorp<on	
  leads	
  to	
  cutoff	
  in	
  AGN	
  spectrum	
  	
  	
  	
  
n  Measurement	
  cutoff	
  of	
  several	
  sources	
  allows	
  

extrac<on	
  of	
  EBL	
  

n  lower	
  energy	
  threshold	
  	
  
=>	
  observe	
  more	
  distant	
  sources	
  	
  

old generation IACTs 

MAGIC I 

future IACTs 

Fazio-Stecker relation  

γ-­‐rays	
  	
  traveling	
  cosmological	
  distances	
  interact	
  with	
  
Extragalac5c	
  Background	
  Light	
  (EBL)	
  

−+→ eeEBLHE γγ
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MAGIC phase I 

MAGIC phase II 

Defined	
  as	
  the	
  distance	
  for	
  which	
  the	
  op<cal	
  depth	
  for	
  pair	
  produc<on	
  process	
  	
  is	
  	
  τ	
  
=	
  1	
  (i.e.	
  a	
  reduc<on	
  1/e	
  of	
  the	
  flux	
  of	
  the	
  extragalac<c	
  source).	
  

( ) 1, =zEτ
	
  	
  

Gamma	
  ray	
  horizon	
  (GRH)	
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For	
  the	
  energy	
  range	
  of	
  IACTs	
  (10	
  GeV	
  -­‐	
  10	
  TeV),	
  the	
  interac<on	
  takes	
  place	
  with	
  the	
  infrared	
  
(0.01	
  eV	
  -­‐	
  3	
  eV	
  ,	
  100	
  µm	
  -­‐	
  1	
  µm	
  ).	
  
Origin	
  

n  Star	
  forma<on	
  
n  Radia<on	
  of	
  stars	
  
n  Absorp<on	
  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	
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  Aleksic	
  et	
  al	
  2015	
  



IC310	
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  Aleksic	
  et	
  al	
  2015	
  



Previous	
  results	
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Previous	
  results	
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PKS	
  2155	
  -­‐304	
  

59	
  
Aharonian	
  et	
  al	
  2007	
  



Contact with Fermi 



3c279 



AGN 



PKS	
  1441+25	
  
z=0.9397!	
  

63	
  Ahnen	
  et	
  al	
  2016	
  



PKS	
  1441+25	
  
z=0.9397	
  

64	
  Ahnen	
  et	
  al	
  2016	
  



Lensed Blazar 



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. 2014 GRB	
  130427A	
  



HAWC	
  upper	
  limits	
  

Abeysekara et al. 2015 GRB	
  130427A	
  



MAGIC	
  detec<on	
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  et	
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  2019a	
  GRB	
  190114C	
  



MAGIC	
  detec<on	
  

GRB	
  190114C	
   	
  Acciari	
  et	
  al.	
  2019a	
  



MAGIC	
  detec<on	
  

GRB	
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HESS	
  detec<on	
  

	
  	
  Abdalla	
  et	
  al	
  2019	
  



HESS	
  detec<on	
  

	
  	
  Abdalla	
  et	
  al	
  2019	
  



MAGIC	
  &	
  HESS	
  detec<on	
  

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



GRBs	
  @	
  VHE	
  !	
  –	
  GRB	
  190829A	
  	
  

Science	
  372,	
  1081–1085	
  (2021)	
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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 

hkp://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!	
  


