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TeV γ-ray astronomy: science topics

See Prof. Paolo Camarri Lectures WAPP 2012



TeV γ-rays: production processes
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TeV γ-rays: production processes
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
The Bhabha-Heitler 

Model

W. Heitler, The Quantum Theory of 
Radiation ,3rd Ed., (1954), p.386.

E0

See prof. B.S.Acharya talk on WAPP 2012

EARTH's
ATMOSPHERE
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“Heitler’s Model”
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W. Heitler, The Quantum Theory of 
Radiation ,3rd Ed., (1954), p.386.See prof. B.S.Acharya talk on WAPP 2012
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Heitler Model

E0/4

W. Heitler, The Quantum Theory of 
Radiation ,3rd Ed., (1954), p.386.See prof. B.S.Acharya talk on WAPP 2012
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ATMOSPHERE
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Heitler 
Model
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λr = 37 g cm-2  in air  

(radiation length)

After “n” splits, there are “N” particles 
(e+, e-, and photons):

•  Energy is evenly split 
between two secondaries.

•  Cascade stops after “nc” 

See prof. B.S.Acharya talk on WAPP 2012



CHERENKOV RADIATION 
(WATER OR AIR) produced by 
the charged particles from the 
Extensive Air Shower that was 
created by the interaction of 

the incident Astroparticle with 
the Earth Atmosphere 



SUMMARY

See Profs. Borisov and Maris Lectures WAPP 2015 for details on EAS



Atmospheric 
Cherenkov 
Telescopes

CTA
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See Prof. Paolo Lipari Lectures WAPP 2013



Do not forget the EM component for a CR



Moon Shadow

See Prof. Paolo Camarri Lectures WAPP 2012



HAWC-30 Completed Sept 2012

HAWC 30 Events and Observation of cosmic 
ray shadow of Moon with 70 days of data

Credit: HAWC collaboration Abeysekara et al.

Preliminary



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



The HAWC Collaboration
• Los Alamos National Laboratory
• Univ. of Maryland
• Michigan State Univ.
• University of Wisconsin
• Pennsylvania State Univ.
• Univ, of Utah
• Univ. California Irvine
• George Mason University
• University of New Hampshire
• University of New Mexico
• Michigan Technological University
• NASA/Goddard Space Flight Center
• Georgia Institute of Technology
• University of Alabama
• Colorado State Univ.
• Univ. California Santa Cruz

• Instituto Nacional de Astrofísica Óptica y Electrónica
• Universidad Nacional Autónoma de México

• Instituto de Física
• Instituto de Astronomía
• Instituto de Geofisica
• Instituto de Ciencias Nucleares 

• Benemérita Universidad Autónoma de Peubla
• Universidad Autónoma de Chiapas
• Universidad Autónoma del Estado de Hidalgo
• Universidad de Guadalajara
• Universidad Michoacana de San Nicolás de Hidalgo
• Centro de Investigacion y de Estudios Avanzados
• Universidad de Guanajuato

Mexico

USA

~100 Members



Credit: HAWC / WIPAC



Gamma / Hadron Rejection



Corrugated Metal Tanks: Dimensions 7.3 x 4.5 meters
Geotextile cover inside the structure



Made on CSU
Each bladder weighs < 140 Kg and fits in a 75cmx2.7m 
tube.

Photo Credit: Michael Schnider (UCSC - HAWC)



4 PMTs with baffles inside the bladder

Photo Credit: Michael Schnider (UCSC - HAWC)



THE HIGH ALTITUDE WATER CHERENKOV (HAWC) 
OBSERVATORY AT PUEBLA STATE, MEXICO



Front End Electronics and DAQ as in HAWC

EMS records pressure, temp, 
water level

Scalers take single rates and
 are readout every 10 ms

TDC record the ToT 
of every signal above 
¼ and 5 single photo electrons
~30 kHz/PMT
11 MB/s to disk

Data stored in 8 TB portable
disk arrays 
they are transported to UNAM
read into the ICN cluster and
 mirrored to UMD
26 TB recorded during October

X



See Abeysekara et al. Astroparticle Physics 
paper (2014) and

The HAWC Collaboration contributions on 
Proceedings (POS) of the ICRC 2015, la Hague



Cosmic Ray Anisotropy
HAWC and IceCube (>1 TeV vs >20 TeV)

34

IceCube >20 TeV

HAWC >1 TeV

See Segev Y. BenZvi, Daniel W. Fiorino, and Stefan Westerhoff; 2015, Proceedings of the ICRC 2015 
(POS): arxiv 1508-04781
          Credit: HAWC/WIPAC



HAWC 250 Preliminary
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Preliminary

HAWC - Fermi
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Highest energy γ’s from LAT (E>50 GeV) with a preliminary map from HAWC-250
(slide courtesy M. Ajello)



Maps Author: Colas Rivière (HAWC / UMD) Credit: HAWC Collaboration



On WAPP 2013, 
Prof. Johanes 
Knapp gave a 
very good set of 
problems as 
homework. With 
these and the 
lectures, you 
have a very good 
background on 
Gamma Ray 
Astrophysics and 
related optics.

I strongly 
recommend, to 
do these 
problems.

Send it by June 
2016 to my email. 
There is a special 
price.



THANK YOU!


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39

