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Facilities: Gamma-Ray Detectors 

VERITAS Upgrade  
First Light Fall 2012 

HAWC  300: First Light Aug 2014 
HAWC 100 –  Aug 2013 
 

CTA: First Light - completed array in 2019 
First Science 2016 



Gamma Ray Science:    
Astrophysics, Astronomy, Cosmology, Fundamental Physics 
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VERITAS 
• Situated at 1250m altitude at the Whipple Observatory in Arizona 

• Started in 2007, T1 moved in 2009, camera and trigger upgrade in 2011/12 

3.5° 12m 

• 12m tessellated mirrors • 499 PMTs  

 

• 500 
MSPS 
sampling 
FADCs 



 2009-2012 VERITAS Upgrade 
Four components: 

✪ 
✪ 

✪ 

✪ 

✩Rearrange Telescopes to Better Geometry (summer 2009) 
      (SAO,  U. Utah + collaboration) 
 
✩Higher sensitivity Photomultiplier Tubes (summer 2012) 
      (Purdue, U Delaware, U. Utah,  
       Wash U, UCSC) 
  
✩Faster Pattern (Level 2) Trigger (fall 2011) 
    (Iowa State U, Argonne NL) 
 
 
✩Communication (Fiber Optic) Network Upgrade (summer 2012)  
   (SAO,  U. Utah) 

 
 

Endorsed by PASAG, a Sub-Panel of  HEPAP 
Funded by 2.2 M$ NSF MRI-R2 ,  University of Utah 
Main cost is the new photomultiplier tubes (1.2 M$) 



VERITAS Upgrade 

• Energy range: ~100 GeV - 30 TeV  
• Sensitivity: 1% Crab in ~25h  

• 1 Crab in a few seconds  
• Energy resolution: 15-25%  
• Angular resolution: R_68% < 0.1 deg  

40 – 50% more 
Cherenkov light 

Detect soft spectrum sources twice as 
fast as in 2009 

Muon Ring light intensity 
Standard calibration  
Light source 

Energy threshold 
~30% reduction  
95 GeV -> 60 GeV 



HAWC & Beyond: 

Continuous, Wide Field of 

View Observations of the 

Very High Energy Sky 

 

Brenda Dingus, LANL 

HAWC US Spokesperson 

29 July 2013 



The HAWC Collaboration 

Los Alamos National Laboratory: Brenda Dingus (US 
spokesperson), : Gus Sinnis, John Pretz, Patrick Younk,  
Gerd Kunde, Pat Harding 

University of Maryland: Jordan Goodman, Andrew Smith, 
Jim Braun, David Berley, Brian Baughman, Josh Wood 

University of Wisconsin: Stefan Westerhoff, Segev BenZvi,   
Mike Duvernois, Zig Hampel-Arias, Dan Fiorino, Ian 
Wisher, Asif Imran, Tom Weisgarber  

University of Utah: Dave Kieda, Wayne Springer, Ahron 
Barber 

Univ. of California, Irvine: Gaurang Yodh, Peter Karn 
Michigan State University: Jim Linnemann, Kirsten 

Tollefson, Dan Edmunds, Udara Abeysekara, Tilan 
Ukwatta 

George Mason University: Robert Ellsworth 
Colorado State University: Miguel Mostafa, Dave Warner, 

Megan Longo, Paco Salesa Grues, Michael Gussert 
University of New Hampshire: James Ryan 
Pennsylvania State University: Tyce DeYoung, Dmitry 

Zaborov, Kathryne Sparks  
University of Alabama: Patrick Toale 
University of New Mexico: John Matthews, Robert Lauer 
Michigan Technical University: Petra Hüntemeyer, Emanuele 

Bonamente, Nathan Kelley-Hoskins, Michelle Hui, Hugo 
Ayala, Hao Zhou 

NASA/Goddard Space Flight Center: Julie McEnery, 
Elizabeth Hays, Vlasios Vasileiou  

Georgia Institute of Technology: Ignacio Taboada, Andreas 
Tepe, Dirk Lennarz 

HAWC Technical Staff: Michael Schneider, Scott Delay 

 

Instituto Nacional de Astrofísica Óptica y Electrónica (INAOE): 

Alberto Carramiñana (Mexico Spokesperson), Eduardo Mendoza, 

Luis Carrasco, William Wall, Daniel Rosa, Ibrahim Torres, Sergey 

Silich, Jason Walters 
Universidad Nacional Autónoma de México (UNAM): Instituto de 

Astronomía;  Maria Magdalena Gonzalez, Marco Martos, Sergio 

Mendoza, Dany Page, William Lee, Hector Hernández, Deborah 

Dultzin, Erika Benitez Instituto de Física: Rubén Alfaro Molina, 

Varlen Grabski, Andres Sandoval Espinosa, Ernesto Belmont Moreno, 

Saul Aguilar Slazar Institudo de Ciencias Nucleares; Lukas Nellen, 

Gustaov Medina Tanco, Jaun Carlos D’Olivo  Institudo de Geofísica: 

José Valdés Galicia, Alejandro Lara, Rogelio Caballero  
Benemérita Universidad Autónoma de Puebla: Humberto Salazar 

Ibarguen, Arturo Fernández, Caupatitzio Ramirez, Oscar Martínez,  

Eduardo Moreno Barbosa, Lorenzo Diaz, Alfonso Rosado 
Universidad Autónoma de Chiapas: Cesar Álvarez Ochoa,  

Eli Santos Rodriguez, Roberto Arceo Reyes, Jorge Jara Jiménez 
Universidad de Guadalajara: Eduardo de la Fuente, Enrique Velazquez 
Universidad Michoacana de San Nicolás de Hidalgo: Luis Villaseñor, 

Umberto Cotti, Juan Carlos Arteaga Velazquez, Pedro A. Miranda-

Romagnoli, Roberto Noriega Papaqui, Eucario Gonzalo 
Centrode Investigacion y de Estudios Avanzados: Arnulfo Zepeda 
Universidad de Guanajuato: David Delepine, Gerardo Moreno, Edgar 

Casimiro Linares, Marco Reyes, Luis Ureña, Mauro Napsuciale, Victor 

Migenes 

CIC Instituto Politécnico Nacional: Jesus Martinez  

 

USA:  

16 institutions, 

57 people 

Mexico: 

15 institutions, 

54 people 



HAWC Site Location in Mexico 

• High Altitude Site of 4100 m with 

temperate climate and existing 

infrastructure 

• 17 R.L. of atmospheric overburden 

vs 27 R.L. at sea level  

• Latitude of 19 deg N  

Pico de Orizaba 

5600 m 

(18,500’) 

Large 

Millimeter 

Telescope  

(50m dia. dish) 

HAWC 

Sierra Negra volcano near Puebla, Mexico 



HAWC Design 
300 close packed water tanks (7.3m dia x 4.5 m deep of 200,000 
liters) each with 4 upward facing  photomultiplier tubes at the 
bottom 



11/2010 

02/2012 

08/2012 

01/2013 

05/2013 

Important Dates 

12M USD project 
funding began  Feb 
2011 

Operations with 100 
water Cherenkov 
detectors in Aug 
2013 

Observatory complete 
in Aug 2014 

 



 Increase photodetection 
efficiency for lower 
energies 

– Winston Cones 

– Large Area 
Photodetectors 

– Liquid Scintillator 

 Larger Area Array 

– Sensitivity proportional 
to Area, NOT sqrt(Area) 
due to background 
rejection 

Beyond HAWC: Increase Sensitivity 

Energy of Secondary Particles in Air 
Shower at Ground Level (MeV) 
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HAWC Single  
photoelectron threshold 

Muons have broad lateral distribution 



 Discovering rare transient events requires full sky coverage 

– GRB finder for Advanced LIGO, which will detect all 
neutron binary coalescence with z<0.5 

– AGN flares & GRBs as distant probes of high energy 
physics (e.g. Lorentz invariance and axions) 

 Galactic Center 

 TeV Source finder for CTA south 

Beyond HAWC: Southern Site 

Alto Chorrillo 
Argentina 
4800m  



 

16 Indirect and Direct Detection of Dark Matter, 6-12 Feb, 2011, K.Byrum 
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US Contribution 
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Highly Pixelated Camera  
- SiPM sensors 
- ASICs 
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Facilities: Neutrino Detectors 

IceCube Lab 
PINGU – Precision IceCube 
Next Generation Upgrade 
LOI – next month;  
First Light 2019 

IceCube Array 
Complete 2010 

DeepCore Array 
Complete 2011 
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Digital Optical Modules 
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IceCube Array 
Complete 2010 

DeepCore Array 
Complete 2011 
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