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Very-­‐high-­‐energy	
  gamma-­‐ray	
  instruments	
  

2	
  

Air shower arrays 
Milagro, Argo, Tibet, HAWC 

Moderate Area  
Good Background Rejection 
Large Duty Cycle/Large Aperture 

Unbiased Sky Survey (> 1 TeV) 
Extended sources 
Transients (GRBs & AGNs)  
Solar physics/space weather 
Cosmic Rays (e.g. anisotropy) 

Satellites 
Compton, Fermi 

Space-based (Small Size) 
“Background Free” 
Large Duty Cycle/Large Aperture 

Sky Survey (< 300 GeV) 
AGN Physics 
Transients (GRBs) < 30 GeV 

Air Cherenkov Telescopes 
Hess, Magic, VERITAS 

Large Effective Area   
Excellent Background Rejection  
Low Duty Cycle/Small Aperture 

High Resolution Energy Spectra 
Studies of known sources 
Surveys of limited regions of sky 

(Photoshop	
  +	
  real	
  tanks)	
  



HAWC	
  targets	
  
AGNs:	
  

Unbiased	
  monitoring	
  

Extended	
  sources	
  

GRBs:	
  
VHE	
  prompt	
  

Cosmic	
  Ray	
  
Anisotropy	
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Diffuse	
  VHE	
  



HAWC	
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Saddle	
  point	
  between	
  Orizaba	
  (5636	
  m),	
  and	
  Sierra	
  Negra	
  (4640	
  m)	
  
Site:	
  4100m,	
  18o58’N	
  97o16’W.	
  Central	
  Mexico	
  

Check	
  it	
  out	
  in	
  google	
  maps	
  /	
  google	
  Earth	
  



HAWC	
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300	
  Water	
  Tanks.	
  7.3	
  m	
  (diam),	
  4.5	
  m	
  deep.	
  20,000	
  m2	
  

(Photoshop	
  +	
  real	
  tanks)	
  

Electronics	
  Bldg.	
  	
   U0lity	
  Bldg.	
  	
  

Test	
  tank	
  



Construc*on	
  Status	
  

Official	
  start	
  of	
  opera0ons:	
  August	
  1st	
  with	
  111	
  tanks	
  
98%	
  up0me	
  since	
  Aug	
  1st	
  
>30	
  billion	
  showers	
  collected	
  since	
  Aug	
  1st	
  (15.8	
  kHz	
  trigger	
  rate)	
  
We	
  also	
  use	
  data	
  prior	
  to	
  Aug	
  1st	
  (e.g.	
  HAWC-­‐30,	
  HAWC-­‐77	
  …)	
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Picture:	
  July	
  26,	
  2013	
  



Cosmic	
  ray	
  and	
  gamma	
  ray	
  signatures	
  



Sample	
  111	
  tank	
  event	
  -­‐	
  photon	
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Performance	
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Energy	
  
Resolu0on	
  

Effec0ve	
  
Area	
  

γ-­‐H	
  
separa0on	
  



Shadow	
  of	
  the	
  Moon	
  /	
  Sun	
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Shadow	
  significance:	
  -­‐15.5	
  σ	
  
6	
  billion	
  showers	
  
Shadow	
  loca0on:	
  179.6o,	
  0.3o	
  
Consistent	
  with	
  magne0c	
  deflec0on	
  	
  

Shadow	
  significance:	
  -­‐6.4	
  σ	
  
8.5	
  billion	
  showers	
  
Shadow	
  loca0on:	
  179.7o,-­‐0.1o	
  
Consistent	
  with	
  magne0c	
  deflec0on	
  	
  



The	
  Crab	
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HAWC-­‐95	
  (Jun	
  14	
  –	
  Aug	
  2)	
  
Max	
  4.8	
  σ	
  @	
  ra=5h36m	
  dec=21.95o	
  



Cosmic	
  ray	
  anisotropy	
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Consistent	
  with	
  previous	
  
observa0ons	
  (e.g.	
  Milagro)	
  



Sensi*vity	
  to	
  known	
  objects	
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25	
  known	
  sources	
  to	
  be	
  detected	
  in	
  1	
  year	
  (quiescent	
  state)	
  



Sensi*vity	
  to	
  known	
  objects	
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40	
  known	
  sources	
  to	
  be	
  detected	
  in	
  5	
  years	
  (quiescent	
  state)	
  



Sensi*vity	
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Gamma-­‐ray	
  bursts	
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Upper	
  limit	
  on	
  HAWC’s	
  GRB	
  rate:	
  
1.65	
  GRBs/year	
  in	
  coincidence	
  with	
  GBM	
  
IT	
  &	
  Gilmore	
  arXiv:1306.1127	
  

Talk	
  by	
  D.	
  Zaborov	
  
	
  
Example:	
  If	
  GRB	
  090510	
  spectrum	
  
extends	
  to	
  125	
  GeV	
  and	
  taking	
  into	
  	
  
account	
  EBL:	
  
~200	
  photons	
  above	
  30	
  GeV	
  

HAWC	
  >	
  30	
  GeV	
  



Conclusions	
  
Construc0on	
  on	
  schedule	
  to	
  finish	
  by	
  summer	
  2014	
  

	
  Sensi0vity	
  10-­‐20	
  0mes	
  berer	
  than	
  Milagro	
  	
  
Ini0al	
  results:	
  Moon/Sun	
  shadow,	
  the	
  crab,	
  anisotropy.	
  
	
  
Great	
  prospects	
  for:	
  

	
  AGN	
  monitoring	
  &	
  flares	
  –	
  Mul0-­‐wavelength	
  
campaigns	
  

	
  GRB	
  detec0on	
  from	
  the	
  ground	
  
	
  Extended	
  sources	
  

	
   	
  No	
  0me	
  to	
  talk	
  about	
  Dark	
  Marer	
  and	
  other	
  topics	
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