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Nature’s Partcle Accelerators are
Gamma-Ray Sources
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Astroparticles toward EeV



l The Birth of the VHE Gamma Ray 
Astrophysics

A.E. Chudakov and G.T. Zatsepin 
(1961). Crimea Obs. (1961.1963)
  
The upper limit obtained by 
Chudakov was a proof of direct 
acceleration of electrons in the 
Crab Nebula (1961) 

l The first success full detection of the 
gamma-ray emission above 0.7 TeV from 
the Crab nebula in 1989 by the Whipple 
collaboration: 5 sigma in 50 hrs (159 pixel 
camera + Hillas image analysis)

Eduardo de la Fuente, U de G. (WAPP 2016)



WATER VAVILOV-CHERENKOV EFFECT

First Large Water Cherenkov Detector
by Aleksandr Evgenievich Chudakov (1959-1960) 

Eduardo de la Fuente, U de G. (WAPP 2016)

A.S Lidvansky

.... Father of the Gamma Ray Astrophysics



l First generation of WCD

l Photo Credit: Michael Schnider (UCSC - HAWC)
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Field of view down to ~45° from zenith: 
Scanning 2/3 of the sky each day through the rotaton of the Earth 

HAWC feld of view

A source is visible for 
HAWC
up to 6 hours per day 

 Photo Credit:: The HAWC Collaboration



Differential Sensitivity per Quarter Decade of Energy

Diferental Sensitvity

http://arxiv.org/abs/1306.5800 Astroparticle Physics 2013

How to think about 
HAWC Sensitvity:

Instantaneous sensitvity about 
15-20x less than IACTs:

- ~2-3x from Angular Resoluton
- ~5x from energy threshold.

Exposure (sr yrs) is 2000-4000x 
higher.

~1500 hrs/src/yr

For hard or extended sources, 
HAWC improves relatve to IACTs

Survey > half the 
sky to: 40mCrab 

[5σ] (1yr)
<20mCrab [5σ] (5yr)



 Credit: H. L. Vargas and W. Springer; The HAWC Collaboration
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Air Shower Reconstruction
Data adquisition

Air Shower Reconstruction



Gamma / Hadron 
Rejection

 Credit: H. L. Vargas and W. Springer; The HAWC Collaboration



 Photo Credit:: The HAWC Collaboration



• August 1, 2014, 111 Detectors formal 
start operations (⅓ of full array)



Abeysekara et al., HAWC Collaboration 
The Astrophysical Journal, Volume 796, 
Issue 2, article id. 108, 11 pp. (2014)



 Photo Credit: Michael Schnider 
(UCSC - HAWC)
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HAWC’s 17 month Sky Map

Crab Nebula
105 s

Mrk 421
33 s

Mrk501
23 s

l Photo Credit:: B. Dingus and The HAWC 
Collaboration



Milky Way at Gamma Rays: 
From Low (FERMI) to high energy (HESS+HAWC)

Actual view of the Galaxy at these energies (2015)

 Photo Credit:: The HAWC Collaboration



 Credit: Wayne Springerand The HAWC Collaboration



April 5, 2016

April 8, 2016

April 7, 2016

April 6, 2016

Astronomer’s Telegram to 
immediately alert 
community of actvity.

Monitoring all gamma-ray sources visible to HAWC every day.
l Credit:: The HAWC Collaboration



 Credit: Wayne Springerand The HAWC Collaboration



 Credit: Wayne Springerand The HAWC Collaboration



 Credit: The HAWC Collaboration





 Credit: Jordan Goodman and the HAWC Collaboration



 Credit: Jordan Goodman and the HAWC Collaboration







Flujo de particulas de alta energia cerca de la tierra (rayos cosmicos).  Verde: Primarias que 
vienen de fuentes originales de rayos cosmicos (RSN,PWN). Amarillo: Particulas 
secundarias que se producen cuando las primarias interactuan con el ISM  produciendo 
piones y muons, estos ultmos decayendo en positrones y electrones.  Morado: Electrones y 
positrones formados por la aniquilacion de materia obscura (WIMP). 

M. Aguilar et al. (AMS Collaboration), “First Result from the Alpha 
Magnetic Spectrometer on the International Space Station: Precision 
Measurement of the Positron Fraction in Primary Cosmic Rays of 0.5–
350 GeV,” Phys. Rev. Lett. 110, 141102 (2013)

R. J. Protheroe, “On the Nature of the Cosmic Ray Positron 
Spectrum,” Astrophys. J. 254, 391 (1982); I. Moskalenko and A. 
Strong, “Production and Propagation of Cosmic-Ray Positrons and 
Electrons,” 493, 693 (1998); T. Delahaye, J. Lavalle, R. Lineros, F. 
Donato, and N. Fornengo, “Galactic Electrons and Positrons at the 
Earth: New Estimate of the Primary and Secondary Fluxes,” 
Astron. Astrophys. 524, A51 (2010)

(2008)

(2013)

(2012)

25 billones de eventos
6.8 millones son e y e*
400,000 e+  0.5-350 GeVs

http://dx.doi.org/10.1103/PhysRevLett.110.141102
http://dx.doi.org/10.1086/159743
http://dx.doi.org/10.1086/305152
http://dx.doi.org/10.1051/0004-6361/201014225


 Credit: The HAWC Collaboration



 Credit: Jordan Goodman and the HAWC Collaboration



 Credit: Jordan Goodman and the HAWC Collaboration



 Credit: Jordan Goodman and the HAWC Collaboration



 Credit: Jordan Goodman and the HAWC Collaboration



HA WC is a very sucefull experiment, surveying the TeV sky with a wide-field of view, 
discovering new classes of sources, viewing the highest energy sky (e.g. > 50 TeV 
sky), and playing an important role in Multi-messenger astrophysics

With the upgrade (outriggers), lots more to come!…...
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