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1. Multiwavelength sky
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VHE γ-rays
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1. Multiwavelength sky
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ν
Major part of what we observe is high energy astrophysics
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1. Multiwavelength sky
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The VHE γ-ray sky

Nominally 207 sources as of Dec 15, 2017


Dominated by HESS, MAGIC and VERITAS


Contains already 20 HAWC sources
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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?
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3. How to detect gamma rays?
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3. How to detect gamma rays?
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3. How to detect gamma rays?
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Satellites: Fermi
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MAGIC, 2 x 17m
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H.E.S.S., 4 x 12m + 1 x 28m 

VERITAS, 4 x 12m

mailto:mazin@icrr.u-tokyo.ac.jp?subject=
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3. How to detect gamma rays?
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Atmospheric showers and Cherenkov radiation



Daniel Mazin CTA Japan Meeting, 2017 Dec 18/19, 2017, Kashiwa-no-ha 16

year
1960 1980 2000 2020

N
um

be
r o

f s
ou

rc
es

1

10

210

310

410

X-rays

-raysγ

-raysγVHE 

Uhuru
Hakucho

Tenma

Ginga

Asca

SAS-2

COS B

Fermi-1y
(1FGL)

Fermi-4y
(3FGL)

EGRET

Whipple

Whipple
HEGRA

HESS

HESS-II+MAGIC-II
+VERITAS

CTA

Kifune plot

3. How to detect gamma rays?



Daniel Mazin, mazin@icrr.u-tokyo.ac.jp 17

HAWC, 300 water tanks at 4100m asl

mailto:mazin@icrr.u-tokyo.ac.jp?subject=
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Due to the boost in flux sensitivity
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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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Flux Sensitivities
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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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SNRs� AGNs�Cluster	of	Galaxy�Binaries� GRBs�

Targets�

cosmic ray origin
Objectives

physics of sources
cosmology space and time

dark matter

4. What do we learn from gamma rays?



Daniel Mazin CTA Japan Meeting, 2017 Dec 18/19, 2017, Kashiwa-no-ha 24

4. What do we learn from gamma rays?
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4. What do we learn from gamma rays?
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Crab Nebula
a non-thermal astrophysical object seen 
over 20 decades in energy
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Pulsars: Crab
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Galactic Center

4. What do we learn from gamma rays?

Diffusion	regime�

Wind	Advec2on�

Galac2c	Center�

Diffuse	�

HESS	Deep	Observa.on	of	250hrs	
	
Spectrum:		
Parent	proton	could	be	1PeV	è	PeVATRON?	
	
Radial	distribu.on	1/r:	
Consistent	with	the	diffusion	from	the	central	BH�
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Galactic Center: Fermi Bubbles

4. What do we learn from gamma rays?
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n  Different	stages	of	SNRs	as	cosmic	ray	accelerator	
n  CTA	will	deliver	more	informa;on	on	SNRs	as	cosmic	ray	

accelerators	
n  We	can	survey	most	of	SNRs	in	our	galaxy	è	C.R.	energe;cs�

4. What do we learn from gamma rays?
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4. What do we learn from gamma rays?
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cosmic	ray	protons�
πo�

gammas�

neutrinos�
π+-�

Gas�

pion-bump�
pion-bump�

Super Nova Remnants  as cosmic ray accelerators  
IC443 and W44,  FERMI Collaboration (in Science)
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Gamma-ray Binary systems

LSI +61 303 Superorbital Modulation!

4. What do we learn from gamma rays?
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• Sources slide: Blazars

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

4. What do we learn from gamma rays?
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BLAZARS

4. What do we learn from gamma rays?
FSRQ	S3	0218+357	z	=0.944�
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4. What do we learn from gamma rays?

n  PKS1441+25 
n  Flat Spectrum Radio Quasar 
n  z = 0.939 

n  MAGIC detection 
Significance ～25 σ 

another z~1 blazar in TeV!
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• M87: best studied radio galaxy
Radio galaxies

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 

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 

4. What do we learn from gamma rays?Simulation with CTA (LSTs)
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4. What do we learn from gamma rays?
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Extragalactic Background Light

Not much more EBL than the one from the resolved galaxies 
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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
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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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Multimessendger
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September 2017: TXS0506+056 (z=0.3365) in flaring state coinciding 
with Extremely High Energy (EHE, through-going track) ν event

Chance coincidence or proof of hadronic emission? 
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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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• aaa

CTA



D. Mazin, ICRR Seminar, December 16, 2014

Cherenkov Telescope Array
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The Future of  Research on Cosmic 
Gamma Rays (J. Knödlseder) 

Two CTA Sites in South and North 
decided July 2015 

NEWS:	19	Sept	2016	
IAC-CTA		agreement	signed	
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5. Future of Gamma-Ray astrophysics
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La Palma, Canary islands Paranal, Chile
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Flux Sensitivities

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

CTA
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Large Size Telescopes of CTA

5. Future of Gamma-Ray astrophysics
LST collaboration: 

11 countries 
223 members 

(134 receiving emails) 
73 FTEs
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Contents
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Mirrors
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ICRR, Japan
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Camera
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Now ready  
to ship  
to IFAE

Japan + INFN-Pisa + IAC + IFAE + Complutense + CIEMAT

Network switch and TIB  
(now TIBv4 available!)



LST1 progress since November 2017
Backplanes of the camera installed Camera mechanics finishedJan 2018 Feb 2018

Onsite IT computer center physically installed Power Network ready 
Dec 2017

Diesel ATS, Transformer

Dec 2017
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Central Pin installation

56

July 20, 2017
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LST Mechanics: Lower Structure

57Sep 20 2017

Lower structure
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Lower Structure

58MERO, Oct 30 2017

Lower structure
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December 2017

Dish installed
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Ice storm February 6, 2018

NO PROBLEM!
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Feb 17, 2018counterweight installed
dish turned

Inauguration of LST1: 10 Oct 2018
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4 LSTs in La Palma
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LST-1	2017�

MAGIC-II�
MAGIC-I�

LST-2�
LST-3�LST-4�

2017-2019,	ES	+	JP	+FR	(35	MEuro)	
MPP	+	JS	+	ES+	FR	+	IT	(10	MEuro)�

	��
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top view, 2025
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Your (possible) future
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