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Exercise #6 

•  Find the information about the 3 major 
currently operating IACT telescopes 

•  Visit the web site of CTA 
•  Find relevant info for HAWC and LHAASO   



HESS	  

3	  h<ps://www.mpi-‐hd.mpg.de/hfm/HESS/	  



MAGIC	  

4	  
h<ps://magic.mpp.mpg.de/	  



VERITAS	  

5	  h<ps://veritas.sao.arizona.edu/	  



CTA	  

6	  
h<ps://www.cta-‐observatory.org/	  



HAWC	  

7	  h<ps://www.hawc-‐observatory.org/	  



LHAASO	  

8	  h<p://english.ihep.cas.cn/lhaaso/	  



The opacity of the 
atmosphere 
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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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TeV detectors 



Complementary Capabilities 

Parameter 

Ground-based Space-based 

ACT EAS Pair 
angular 
resolution good fair good 

duty cycle low high high 

area large large small 

field of view small large large & can 
repoint 

energy 
resolution good fair 

good w/ 
smaller 

systematic 
uncertainties 

The next generation of ground-based and space-based 
facilities are well matched! 



Observation tecnique 

~ 10 km Particle 
shower 

Detec%on	  of	  TeV	  gamma	  
rays	  	  
	  

using	  Cherenkov	  
telescopes	  

~ 1o 

~ 120 m 



Image	  intensity	  
â	  Shower	  energy	  

Image	  orientaTon	  
â	  Shower	  direcTon	  

Image	  shape	  
â	  Primary	  parTcle	  



Better bkgd reduction  
Better angular resolution 
Better energy resolution 

Slide fro Pr W. Hofmann 



MAGIC telescopes  



MAGIC – II  



MAGIC – II 
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TeV detectors 
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TeV detectors 
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TeV detectors 
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TeV detectors 



EAS	  technique	  
Charged particles produce Cherenkov photons in water  
~1400 times more Cherenkov photons than in air per 

unit length track of charged particle 
Cherenkov cone in water ~41° (in air: less than 1°) 

Uniform sky view with an array of PMTs 

Direction reconstruction through PMTs signal times 
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Wide Angle Telescopes 
Tibet AS-γ– Air Shower Array 
ARGO – Carpet array with RPC 
MILAGRO – Water Cherenkov 

Advantage: Wide Angle 0.5π~1π 
                   Non-bias observation 
 
Cons: Moderate sensitivity  
          ~5σ/yr1/2 for Crab 

Tibet AS-γ ARGO 

MILAGRO 



ARGO-YBJ (RPC): 
 

Crab : 5σ in ~50 days 
Mrk 421 flare 
 
 
 
 
 
 
Threshold ~ 0.5 TeV Event 

display 
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TIBET air shower array 

Our air shower array consists of 697 scintillation 
counters which are placed at a lattice with 7.5 m 
spacing and 36 scintillation counters which are placed 
at a lattice with 15 m spacing. Each counter has a plate 
of plastic scintillator, 0.5 m2 in area and 3 cm in 
thickness, equipped with a 2-inch-in-diameter 
photomultiplier tube (PMT). The time and charge 
information of each PMT hit by an air shower event is 
recorded to determine its direction and energy. The 
detection threshold energy is approximately 3 TeV, 
which is the lowest one achieved by an air shower 
array in the world.  



MILAGRO 

Crab: 
~5σ in 100 days 
Median energy ~20 TeV 

Cherenkov in water,  
Arizona 



HAWC 



HAWC	  
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HAWC 



HAWC	  
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HAWC	  
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HAWC	  

34	  h<p://www.hawc-‐observatory.org	  



LHAASO 



LHAASO 
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LHAASO	  
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The unexplored spectrum gap 
•  Satellites give a nice 

crowded  picture of energies 
up to 10 GeV. 

•  Ground	  based	  experiments	  show	  
very	  few	  sources	  with	  energies	  >	  
~300	  GeV.	  



VHE sky 

•  The HE sky up to 
100 GeV. 

•  The VHE sky from 
50 GeV.	  

h<p://tevcat.uchicago.edu/	  



Mrk421 
Mrk501 

Crab 

 Pulsar  AGN 

The VHE γ ray sky 

+ some additional  sources 
in galactic plane. 

1995 

2005 



Jim Hinton 
ICRC 2007 



Jim Hinton 
ICRC 2007 



Jim Hinton 
ICRC 2007 



TeV Source Catalog 

h<p://tevcat.uchicago.edu/	  



The TeV Catalog 2012 



The TeV Catalog 2016 



The TeV Catalog 2021 
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TeV Sky Survey 
•  HESS Galactic plane survey 

sees many new TeV 
sources (Aharonian et al. 
2005) 
– This might possibly inform a 

detailed model of the 
distribution of CR sources, 
although the distribution is 
so confined to the plane that 
the sources (probably 
plerions and SNR) are at 
least several kpc distant 



The Galactic Plane survey 

Aharonian et al. 2006 



The Galactic Plane survey 

Aharonian et al. 2018 



The Galactic Plane survey 

Aharonian et al. 2018 



The Galactic Plane survey 

Aharonian et al. 2018 



The Galactic Plane survey 

Aharonian et al. 2018 



•  Milagro reports detecting the diffuse emission of the 
Milky Way at >1 TeV energies (Abdo et al 2008) 
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MILAGRO Sky Survey 

Abdo et al. 2008 



•  HAWC 3rd catalog of Gamma Ray sources 
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HAWC Sky Survey 

Albert et al. 2021 



•  HAWC 3rd catalog of Gamma Ray sources 
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HAWC Sky Survey 

Albert et al. 2021 
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HESS “new” sources 

Close-up view of the new sources, discovered in the 
Galactic plane scan. Shown as white circles are 
close-by supernova remnants , that are known to be 
sources of very high energy gamma-rays (with the 
radius of the circle representing the size of the 
supernova remnant). Also shown in white are close-
by pulsars, another class of sources of very high 
energy gamma-rays.  



HESS	  Diffuse	  Gamma-‐Ray	  

61	  



VERITAS	  Cygnus	  Survey	  	  

62	  

h<p://arxiv.org/abs/1508.06684	  



VERITAS	  Cygnus	  Survey	  	  

63	  h<p://arxiv.org/abs/0912.4492	  
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CR origin and propagation 

SNR 

VHE gamma rays from secondary interactions: 
p: πo production and decay 
e: Inverse Compton scattering and Bremsstrahlung 
Trace beam density x target density 

CR γ

free propagation 
confined 
to accelerator 

Target 
near accelerator 



JC	  -‐	  04	  

65	  

h<ps://arxiv.org/pdf/2111.06545.pdf	  



JC	  -‐	  04	  

66	  



JC-‐04	  

67	  h<ps://arxiv.org/pdf/2106.02510.pdf	  



JC-‐04	  

68	  
h<ps://arxiv.org/pdf/2106.07169.pdf	  
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RadiaTon	  processes	  
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h<ps://indico.ijclab.in2p3.fr/event/7633/	  



RadiaTon	  processes	  
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RadiaTon	  processes	  

110	  



RadiaTon	  processes	  
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RadiaTon	  processes	  
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