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Exercise #5 

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

•  Find information on the “HESS” source of 
the month 

•  Visit the web site of CTA   



The opacity of the 
atmosphere 
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TeV detectors 
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TeV detectors 
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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.  



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! 



EM Air Showers 



EM Air Showers 



Primary Interaction 

EM Component Muon Component 

Hadronic Component 
 

CR interactions 



The importance of MC 
•  CORSIKA (COsmic Ray SImulations for KAscade) is a program for detailed 

simulation of extensive air showers initiated by high energy cosmic ray particles. 
Protons, light nuclei up to iron, photons, and many other particles may be treated as 
primaries.  

•  The particles are tracked through the atmosphere until they undergo reactions with 
the air nuclei or - in the case of instable secondaries - decay.  

•  The hadronic interactions at high energies may be described by six reaction models 
alternatively: The VENUS, QGSJET, and DPMJET models are based on the Gribov-
Regge theory, while SIBYLL is a minijet model. HDPM is inspired by findings of the 
Dual Parton Model and tries to reproduce relevant kinematical distributions being 
measured at colliders. The neXus model extends far above a simple combination of 
QGSJET and VENUS routines.  

•  Hadronic interactions at lower energies are described either by the GHEISHA 
interaction routines, by a link to FLUKA, or by the UrQMD model.  

•  In particle decays all decay branches down to the 1 % level are taken into account. 
•  For electromagnetic interactions a taylor made version of the shower program EGS4 

or the analytical NKG formulas may be used.  
•  Options for the generation of Cherenkov radiation and neutrinos exist.  
•  CORSIKA may be used up to and beyond the highest energies of 100 EeV. 
•  http://www-ik.fzk.de/corsika/  
 



Shower Images 



Shower Images 



Gamma Proton 

Gamma Proton 
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Direction ~ à arc-min
Energy  Resolution ~ à10%
Background ~  à0

TeV detectors 
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TeV detectors 



Imaging	
  	
  Atmospheric	
  	
  Cherenkov	
  	
  Telescopes	
  

The principle: 

A telescope placed inside the 
(huge) Cherenkov light pool 
can obtain an image of the 
development of the shower 
above the bkg fluctuations 

Bigger mirror ⇒ lower 
energy threshold 

shower tail 

shower top 
Direction of primary γ - ray 



Observation tecnique 

~ 10 km Particle 
shower 

Detec%on	
  of	
  TeV	
  gamma	
  
rays	
  	
  
	
  

using	
  Cherenkov	
  
telescopes	
  

~ 1o 

~ 120 m 



Image	
  intensity	
  
â	
  Shower	
  energy	
  

Image	
  orienta>on	
  
â	
  Shower	
  direc>on	
  

Image	
  shape	
  
â	
  Primary	
  par>cle	
  



Better bkgd reduction  
Better angular resolution 
Better energy resolution 

Slide fro Pr W. Hofmann 



IACT image reconstruction 
•  Primary γ parameters 

reconstruction by particle 
shower image analysis 

•  Different primary particles 
give different image shapes 

•  Possible γ-hadron 
separation 

•  Reconstructed parameters 
of primary γ: energy, 
direction, arrival time 

•  Signal estimation 
•  Spectrum calculation 
•  Lightcurve 
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Hillas parameters 



(30 GeV, 60 m) (100 GeV, 60 m) (300 GeV, 60 m) 

(300 GeV, 120 m) (100 GeV, 120 m) (30 GeV, 120 m) 

Typical γ shower images simulated 
with different energy and 
different impact parameter 

Geometric relations between 
a shower and the Cherenkov 
Telescope optics 

Imaging  Atmospheric  
Cherenkov  Telescopes 



Gamma	
  /	
  hadron	
  separa>on	
  

Proton shower 
( wide, points anywhere ) 

Gamma shower 
( narrow, points to source ) 

m 

h (m) 100 GeV proton 

	
  alpha	
  	
  



HESS 



HESS-II 





MAGIC 



29 

Key technological elements for MAGIC 
17	
  m	
  diameter	
  parabolic	
  reflec>ng	
  surface	
  (240	
  m2	
  )	
  

Analog	
  signal	
  transport	
  	
  
via	
  op>cal	
  fibers	
  	
  

IPE 
IPE 
IPE CE NET 

2-­‐level	
  trigger	
  system	
  
&	
  300	
  MHz	
  FADC	
  system	
  

Ac%ve	
  mirror	
  control	
  	
  
(PSF:	
  90%	
  of	
  light	
  in	
  	
  
	
  0.1o	
  inner	
  pixel)	
  

high	
  reflec>ve	
  diamond	
  milled	
  aluminum	
  mirrors	
  
Light weight 
Carbon fiber 
structure for 

fast repositioning 

-­‐	
  3.5o	
  FOV	
  camera	
  	
  
-­‐	
  576	
  high	
  QE	
  PMTs	
  
	
  	
  	
  (QEmax=	
  30%)	
  



The	
  trigger	
  is	
  split	
  into	
  two	
  stages:	
  
level	
  1	
  (L1)	
  and	
  level	
  2	
  (L2).	
  The	
  L1	
  is	
  a	
  
fast	
  coincidence	
  device	
  (2-­‐5	
  ns)	
  with	
  
simple	
  paJerns	
  (n-­‐next-­‐neighbor	
  
logic)	
  while	
  L2	
  is	
  slower	
  (50-­‐150	
  ns)	
  
but	
  can	
  do	
  a	
  more	
  sophis%cated	
  
paJer	
  recogni%on.  

Discriminators
L0

Level 1
L1

Level 2
L2

Choose the number of photoelectrons 
per pixel you want to use in the trigger 

Make a tight time 
coincidence
on simple pattern 
of compact images 
and enable L2 

Make an advanced pattern recognition
to use topological constraint: 
• pixel counting in a given region of the detector
• mask  hot spots like bright stars
• rough center of gravity of the image…etc…..

To FADC

The	
  trigger	
  architecture	
  

TWO FOLD KINDS (86) THREE FOLD KINDS (51)

FOUR FOLD KINDS (67) FIVE FOLD KINDS (106)



MAGIC telescopes  



MAGIC – II  



MAGIC – II 



VERITAS 
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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 





43 

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	
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  hbp://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.	
  



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.	
  



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 

hbp://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	
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VERITAS	
  Cygnus	
  Survey	
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hbp://arxiv.org/abs/1508.06684	
  



VERITAS	
  Cygnus	
  Survey	
  	
  

79	
  hbp://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 



Astrofisica	
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  Galac>c	
  Sources	
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The supernova remnant  
G347.3-0.5 (RX J1713.7-3946)  

ROSAT 
  (keV) 

         CANGAROO         
              (TeV) 
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Image of point source 

2004 Data 
Smoothed image 
~40 σ
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X-ray – gamma ray 
correlation coefficient: 
0.7 



HESS – SNR in VHE gamma 

Aharonian et al. 2004 
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…	
  but	
  Tycho	
  ..	
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SNR	
  age	
  

88	
  arXiv:1508.05190	
  



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

10-12

10-11

0,1 1 10

E2 F(
E

) [
Te

V/
cm

2 s]

E [TeV]

Preliminary 

20 TeV Neutralino 
20 TeV KK particle 



The	
  “Pevatron”	
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  Abramovski	
  et	
  al.	
  (2016)	
  	
  



The	
  “Pevatron”	
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  Abramovski	
  et	
  al.	
  (2016)	
  	
  



The	
  “Pevatron”	
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  Abramovski	
  et	
  al.	
  (2016)	
  	
  



LHAASO	
  Pevatrons	
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  Cao	
  et	
  al.	
  (2021)	
  	
  



LHAASO	
  Pevatrons	
  

101	
  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	
  

105	
  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	
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  Aharonian	
  et	
  al.	
  (2012)	
  	
  



Pulsar	
  Wind	
  Nebulae	
  

116	
  



CTA1 PWN 



Pulsar	
  Wind	
  Nebulae	
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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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Astrofisica	
  Nucleare	
  e	
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VHE	
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  Sources	
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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	
  
Extragalac%c	
  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	
  

143	
  
Aharonian	
  et	
  al	
  2007	
  



Contact with Fermi 



3c279 



AGN 



PKS	
  1441+25	
  
z=0.9397!	
  

147	
  Ahnen	
  et	
  al	
  2016	
  



PKS	
  1441+25	
  
z=0.9397	
  

148	
  Ahnen	
  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. 2014 GRB	
  130427A	
  



HAWC	
  upper	
  limits	
  

Abeysekara et al. 2015 GRB	
  130427A	
  



MAGIC	
  detec>on	
  



MAGIC	
  detec>on	
  

	
  Acciari	
  et	
  al.	
  2019a	
  GRB	
  190114C	
  



MAGIC	
  detec>on	
  

GRB	
  190114C	
   	
  Acciari	
  et	
  al.	
  2019a	
  



MAGIC	
  detec>on	
  

GRB	
  190114C	
   	
  Acciari	
  et	
  al.	
  2019b	
  



MAGIC	
  detec>on	
  

GRB	
  190114C	
   	
  Acciari	
  et	
  al.	
  2019b	
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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 

hbp://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!	
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  U.Barres	
  –	
  COSPAR	
  2020	
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  R.Zanin	
  –	
  TeVPa	
  2019	
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Gamma-ray Astronomy 
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Complementary  direct  and

indirect  detec1on  
techniques


Spread  in  par1cle

arrival  1mes  at

detector  units


Atmospheric  Cherenkov

light  image
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Observational Panorama 
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⌾ Cherenkov Atmospheric 
Telescopes 
o  20% duty-cycle 
o  Pointing (few degrees FoV) 
o  Energy threshold down to 10s GeV 
o  Good energy and angular resolution 

⌾ Particle Detector Arrays 
→ 100% duty-cycle 
→ Wide-field of View (~ steradian) 
→ Energy range 100s GeV up to 100s TeV 
→ Continual view and accurate 

background determination 

LHAASO


HESS


MAGIC


VERITAS




Geographic distribution 
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CTA-­‐N


CTA-­‐S


HAWC


VERITAS


HESS


MAGIC
 LHAASO


Galac1c
 Equator


SWGO


SWGO  visibility,  Pat  Harding,  LANL




The high-altitude frontier 

223 

The  Andes  provides  a  number  of  high-­‐
al1tude  plateaus  and  high-­‐al1tude  lakes  that  
cons1tute  suitable  sites  for  a  par1cle  array  
aiming  to  extend  the  low-­‐energy  fron1er  for  
Wide-­‐Field  Observatories.


4.5
 4.0
5.0
 km  a.s.l.


x  10  gain

in  par1cle

number


Adapted  from  G.  Sinnis,  NJPh,  2009




Candidate Sites 
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lat.  23  S


lat.  15  S


The  complete  list  of  
poten1al  sites  is  s1ll  
under  inves1ga1on,

aiming  at  an  evalua1on  
for  site  choice  by  2021.




The SWGO 
Concept 
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⌾ Core unit is a water-Cherenkov Detector 
⌾  Options being investigated based on tanks (HAWC-like), ponds 

(Milagro-like) and lake-base (test pool under construction at 
MPIK-Heidelberg) 

⌾ Simulations currently ongoing to constrain all 
aspects of the detectors 

⌾ Design strongly dependent on site choice 
⌾  Water access, construction costs, infrastructure feasibility, 

compatibility with scientific driven main design goals… 

Mul1ple  detector  op1ons  to  be

inves1gated


Detector  

units




Performance goals 
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Low-­‐energy  

enhancement




Performance goals 
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Poten1ally  more  sensi1ve  than  CTA  over  several  years  integra1on  

1me  provided  good  background  suppression  is  achieved.




The Collaboration 
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⌾  Southern Wide-Field Gamma-ray Observatory 
+ higher altitude (4400+ m asl) and larger area 
+ more efficient detector units + muon tagging capability 

 improved sensitivity and lower E threshold   

Established  in  July  2019

3  year  R&D  Programme


www.swgo.org 

Member 
institutes 
signed the 
SoI.  

Any 
interested 
individual can 
become 
supporting 
scientist.  


