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VHE γ-rays
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TeVCat 2015

The VHE γ-ray sky
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2. How to produce gamma rays?

From protons 
!
• Pion decay 

• Accelerated protons (p) interact with matter 
• p  p → X + π0 → γ  γ 

• Proton Synchrotron Emission 
• Depends on magnetic field strength (not 

dominant under typical conditions)
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2. How to produce gamma rays?

From electrons 
!
• Inverse Compton Scattering 

• Collide highly relativistic electrons with 
photons from stars or the microwave 
background
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2. How to produce gamma rays?

From electrons 
!
• Bremsstrahlung (free-free emission) 

• Electron deceleration by a nucleus 
• Highly relativistic electrons emit gamma rays in 

atomic or molecular material 
• Energyγ ~ Energye
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2. How to produce gamma rays?

Other ways to produce gamma rays 
!
• Topological defects left over from the Big Bang? 

• Hypothesis: Black holes formed with the early 
Universe decay 

• By-product of dark matter interactions? 
• Hypothesis: weakly interacting massive particles 

(WIMPs) interact to produce gamma rays:  
DM + DM → γ γ
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3. How to detect gamma rays?

Victor Hess and his “Flight Ops Team”, 
1912
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Satellites: Fermi
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3. How to detect gamma rays?
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Imaging Atmospheric Cherenkov Telescopes: The Big Three

MAGIC 
VERITAS 

HESS 

Characteris*cs	of	current	genera*on	of	IACT	arrays:	
•	Energy	threshold	E	=	25	to	100	GeV		
•	Point-source	integral	flux	sensi*vity:	0.5	to	1.0	%	of	the	Crab	Nebula	flux	in	50	h		 
(above	200	GeV,	>100	*mes	more	sensi*ve	than	Fermi-LAT	in	1	year)	

•	Angular	resolu*on	<	0.1º	
•	Energy	resolu*on	≈	15%



D. Mazin, ICRR, University of Tokyo —- High Energy Gamma-Ray Astronomy —- Spring School 2016, March

3. How to detect gamma rays?
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Atmospheric showers and Cherenkov radiation



D. Mazin, ICRR, University of Tokyo —- High Energy Gamma-Ray Astronomy —- Spring School 2016, March

3. How to detect gamma rays?

16

Atmospheric showers and Cherenkov radiation
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3. How to detect gamma rays?
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Imaging Atmospheric Cherenkov Telescopes: Detection technique

Adapted'from'W.'Hofmann'

Imaging Atmospheric 
Cherenkov Telescope  

(IACT) 

≈ 300 m"

Huge effective area !"

≈ 
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3. How to detect gamma rays?
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Imaging Atmospheric Cherenkov Telescopes: Detection technique

IACT array 

gamma-ray direction!

Multiple views of the same shower!

→ stereoscopic reconstruction !
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3. How to detect gamma rays?
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Air Shower Arrays. State of the Art is HAWC

Gamma and Cosmic rays interact with water in tanks or pools and 
produce Cherenkov radiation that is then detected by PMTs

Light-'ght	
	bladder	

3 Hamamatsu R5912 
+1 Hamamatsu R7081
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3. How to detect gamma rays?
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Sensitivities

MAGIC!
upgrade
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4. What do we learn from gamma rays?
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• Origin of cosmic rays!
• gamma rays are not deflected by intergalactic and galactic 

magnetic fields, they point directly to their origin!
• gamma rays can travel cosmological distances without 

absorption (caution: not true for E>100GeV)!
• Source Physics: learn about environment (objects) that emit 

such gamma rays!
• Observational Cosmology: use gamma ray sources as 

beacons to probe the star formation history and Hubble 
parameter !

• Fundamental physics: dark matter searches, Lorentz 
invariance violation, axion like particles
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4. What do we learn from gamma rays?

a non-thermal astrophysical object seen over 20 decades in energy
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4. What do we learn from gamma rays?
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Galactic Center
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4. What do we learn from gamma rays?
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Galactic Center: Fermi Bubbles
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4. What do we learn from gamma rays?
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4. What do we learn from gamma rays?
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Pulsars: >100 in Fermi, 2 in TeV
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Pulsars: >100 in Fermi, 2 in TeV
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4. What do we learn from gamma rays?
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Gamma-ray Binary systems
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4. What do we learn from gamma rays?
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• Sources slide: Blazars
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4. What do we learn from gamma rays?
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• Extremely variable on all time scales 

• Relativistic jets with large Lorentz factors 

• >1000 Fermi blazars, 60 in TeV regime

Mkn 421 Mkn 501

PKS 2155
BLAZARS
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4. What do we learn from gamma rays?
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• M87: best studied radio galaxy
Radio galaxies
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4. What do we learn from gamma rays?
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• Gamma-ray bursts (GRBs) 
are highly energetic 
explosions signaling the 
death of massive stars in 
distant galaxies.  

• In September 2008, Fermi 
observed the exceptionally 
luminous GRB 080916C, with 
the largest apparent energy 
release yet measured.  

• The high-energy gamma 
rays are observed to start 
later and persist longer than 
the lower energy photons.

GRBs GRB 080916C

z = 4.35 ± 0.15 
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4. What do we learn from gamma rays?
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4.4 Fundamental physics: dark matter
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4. What do we learn from gamma rays?
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5. Future of Gamma-Ray astrophysics
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CTA
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5. Future of Gamma-Ray astrophysics
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• aaa

CTA
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Cherenkov Telescope Array
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Cherenkov Telescope Array
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5. Future of Gamma-Ray astrophysics
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• aaa

CTA
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5. Future of Gamma-Ray astrophysics
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Large Size Telescopes of CTA
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Large Size Telescope
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Large Size Telescope of CTA
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mirror reflectivity

mirror facetQE of PMTs

Light Guides

Camera Module
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5. Future of Gamma-Ray astrophysics
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• aaa

Medium Size Telescope Small Size Telescope
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5. Future of Gamma-Ray astrophysics
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Your future
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BACKUP





D. Mazin, ICRR, University of Tokyo —- High Energy Gamma-Ray Astronomy —- Spring School 2016, March

4. What do we learn from gamma rays?
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EBL

MAGIC, Science 
320,1752 (2008)

Not much more EBL than the one from the resolved galaxies 

MAGIC, accepted by A&A, 
arXiv:1602.05239
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4. What do we learn from gamma rays?
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• aaa

4.3 Observational cosmology: Hubble constant

Biteau&Williams (2015)

H0 =(88±8stat±13syst) km/s/MpcH0 =(72±5stat±10syst) km/s/Mpc

Dominguez et al (2013)
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4. What do we learn from gamma rays?
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4.4 Fundamental physics: Lorentz invariance violation



D. Mazin, ICRR, University of Tokyo —- High Energy Gamma-Ray Astronomy —- Spring School 2016, March

4. What do we learn from gamma rays?
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• Assume that they were 
emitted at the same time 

• Check on different sources 
and distances 
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5. Future of Gamma-Ray astrophysics
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• 0.3-100 MeV, extending to GeV!
• 70 planes DSSD tracker!
• 2.7 rad. length Calorimeter!
• ~1deg angular resolution!
• ~15% energy resolution!
• 2.6 sr Field Of View (21% of the sky)

ASTROGAM
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5. Future of Gamma-Ray astrophysics
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CTA in MWL context

Flux sensitivity 
for steady sources

Flux sensitivity 
for transient sources


