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HE/VHE Gamma-Ray detectors 

MAGIC-II	


VERITAS	


HESS-II	


HAWC	


Fermi Gamma-Ray Satellite	




n  HESS,	
  MAGIC,	
  VERITAS	
  observed	
  more	
  than	
  180	
  sources	
  

n  CTA	
  will	
  expand	
  the	
  visible	
  universe	
  up	
  to	
  z	
  =	
  4	
  with	
  the	
  superior	
  sensiGvity,	
  and	
  broad	
  
band	
  energy	
  coverage,	
  and	
  will	
  observe	
  >1000	
  sources	
  

n  CTA	
  will	
  have	
  104	
  Gmes	
  higher	
  sensiGvity	
  than	
  Fermi	
  LAT	
  for	
  the	
  transient/flaring	
  sources,	
  
like	
  gamma	
  ray	
  bursts	
  and	
  AGN	
  flares.	
  

VHE Gamma Ray Astronomy 
A New Window to the Universe and Energy Frontier in Astrophysics 



Cherenkov Telescope Array
High Energy Gamma Ray Astronomy

	
  

n  Origin of Cosmic Rays 
n  High Energy Astronomical Objects 
n  Super Massive Black Holes 
n  EBL Study è Cosmology (Star formation rate) 
n  Search for Dark Matter  

SNRs	
 AGNs	
Cluster	
  of	
  Galaxy	
Binaries	
 GRBs	


Targets	


Cosmic	
  Ray	
  Origin	


Dark	
  MaVer	


Cosmology	


High	
  Energy	
  Objects	


Space	
  &	
  Time	


Science	
  ObjecGves	




LHC 

Observation of accelerators  
in the Universe 

with HE/VHE gamma rays 

Cosmic Ray  
Energy Spectrum  

SNRs 
(Cas-A) 

Large Structure 
in our galaxy 
(Fermi bubble) 

AGNs 
(M87) 



HESS Galactic Plane Survey 
Deil et al. ICRC 2015 and Chaves TeVPA 2015 

mostly	
  sources	
  with	
  	
  
mulGple	
  associaGons	




E<1015eV Cosmic Rays çè Shell type SNRs 

Cas-­‐A	
  (300yrs)	


W51	
  (35,000yrs)	
  	


n  Different	
  stages	
  of	
  SNRs	
  as	
  cosmic	
  ray	
  accelerator	
  
n  CTA	
  will	
  deliver	
  more	
  informaGon	
  on	
  SNRs	
  as	
  cosmic	
  ray	
  

accelerators	
  
n  We	
  can	
  survey	
  most	
  of	
  SNRs	
  in	
  our	
  galaxy	
  è	
  C.R.	
  energeGcs	


From	
  S.Funk	


RXJ	
  1713	
  (2,000yrs)	
  	


~300yrs	


~3000yrs	


~30,000	
  yrs	




VERITAS IC443 
Humensky ICRC2015 & Mukherjee TeVPA 



Crab Pulsar & VELA Pulsar 
ICRC 2015 



Galactic Center Diffuse with HESS 
PeVATRON? 

HESS	
  Deep	
  ObservaGon	
  of	
  250hrs	
  
	
  
Spectrum:	
  	
  
Parent	
  proton	
  could	
  be	
  1PeV	
  è	
  PeVATRON?	
  
	
  
Radial	
  distribuGon	
  1/r:	
  
Consistent	
  with	
  the	
  diffusion	
  from	
  the	
  central	
  BH	


Diffusion	
  regime	


Wind	
  AdvecGon	


GalacGc	
  Center	


Diffuse	
  	




Supermassive Blackholes ~ 108 M◎ 
Particle accelerators 

M87	


Plasma	
  Jet	
  is	
  formed	
  with	
  the	
  gamma	
  factor	
  
of	
  several	
  to	
  a	
  few	
  10s.	




Study of Extragalactic Background Light 
1ES1011 observed with MAGIC in 2014 

expected	
  spectrum	
  before	
  absorpGon	


z	
  ~	
  1000,	
  	
  
WMAP	


z	
  =	
  15~30,	
  	
  
First	
  star	
  
Pop-­‐III	
  	


z	
  =	
  6~15,	
  
ReionizaGon	


z	
  =	
  
3,Galaxies	


z	
  =	
  0,	
  
Present	


MAGIC	


1ES1011	
  z=0.212	
  
2014	
  MAGIC	
  
43σ　detecGon	


absorpGon	
  
∝	
  EBL	
  Density	




IC310 Radio Galaxy / Blazar 
MAGIC Observation published in Science  

Magneto-­‐	
  
sphere	


Black	
  Hole	


Ergosphere	


Polar	
  gap	


MAGIC	


Radio	


Possible	
  Model	

n  Nov.12 2012 MAGIC obs. 
n  Flare ~ 100 x Low State 
n  Time variation ~ 1 min 
 
n  B.H. mass 3 x 108M◎ 

n  Crossing Time ~ 25mins 
n  Γ-factor of jet ~ 5 

IC310	
  Light	
  curve	




FSRQ	
  S3	
  0218+357	
  z	
  =0.944	




Flat Spectrum Radio Quasars 
n  FSRQ	
  is	
  much	
  brighter	
  than	
  HBL	
  and	
  LBL	
  

(3-­‐4	
  orders	
  of	
  Magnitudes	
  -­‐-­‐-­‐	
  high	
  
accreGon	
  rate)	
  	
  

n  Only	
  6	
  FSRQs	
  are	
  observed	
  among	
  about	
  
60	
  Blazars	
  

n  Useful	
  to	
  explore	
  super	
  massive	
  black	
  hole	
  
in	
  the	
  Early	
  Universe	
  

n  MAGIC	
  observed	
  6	
  FSRQs	
  	
  
n  AGN	
  evoluGon	
  can	
  be	
  studied	
  with	
  CTA	


Blazar Sequence	


FSRQ	


HBL,	
  IBL,	
  LBL	




• 	
  4100	
  meter	
  site	
  in	
  Mexico	
  
• 	
  22,000	
  m2	
  detector	
  area.	
  
• 	
  300	
  4.5m	
  high,	
  7.3m	
  diameter	
  Water	
  Cherenkov	
  Detectors	
  
• 	
  100	
  GeV	
  -­‐	
  100	
  TeV	
  SensiDvity	
  
• 	
  Average	
  Angular	
  ResoluDon	
  (68%	
  Cont.)	
  0.25-­‐0.5o.	
  

High Altitude Water Cherenkov detector 

16	
  



HAWC 



Sky seen by HAWC-250 







LHAASO Sensitivity Curves 



CTA: Big International Project 

In comparison with current  
instruments, HESS, MAGIC  
and VERITAS 

n  Sensitivity x 10 
n  Angular resolutions x 3 
n  Energy band x 10 
n  Gamma ray horizon (z<4) 
n  Objects x 10 

n  1200 scientists from 32 
countries 

n  Japan contributes mainly the 
LSTs (large size telescopes) 



Two CTA Sites in South and North 

CTA South 
l  Aar (Namibia) 
l  ESO Site (Chile) 

CTA North 
l  Canaries (Spain) 
l  San Pedro Martir (Mexico) 

23	
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CTA Array Configuration 
(Cherenkov Telescope Array) 

MST	
  12m	


LST	
  23m	


SST	
  4.3m	


CTA is all sky observatory consisting of  
two stations in South and North 

CTA	
  South	


CTA	
  North	


LST  (N 4, S 4)	

MST(N15, S25)	

SST (N 0, S70)	




CTA Large Size Telescope 

Major specifications 
n  Threshold energy >20GeV 
n  Telescope Structure 

n  Diameter of dish      23 m 
n  Parabolic optics     389 m2 

n  focal length             28 m 
n  Weight                  100 tons 
n  CFRP mirror supp. structure 
n  Fast rotation　   180°/20sec 
n  Tracking accuracy 14 arcsec 



FPI/Elec	
  (JP/IT/ES)	
  
Camera	
  body	
  (ES/DE)	


CSS	
  (FR/IT)	

MIR	
  (JP)	
  
Interface	
  PL	
  (DE/BR/JP)	
  
Actuator	
  (JP/CH)	
  
CMOS-­‐Cam	
  (DE/JP)	
  

Structure	
  (DE)	
  
Access	
  Tower	
  (DE/ES)	


Drive	
  (DE/FR/ES)	
  
Bogie	
  (DE/ES)	
  
Rail	
  (DE/ES)	
  
Found.	
  (DE/ES/INFRA)	


Flywheel,	
  UPS	
  (DE/ES/JP)	
  
Comp.	
  (ES/DE/DATA)	


LST Project : International Effort 
BR,	
  CH,	
  DE,	
  ES,	
  FR,	
  IN,	
  IT,	
  HR,	
  JP,	
  SE	
  	


StarGuider	
  (SE)	
  
CalibBox	
  (IN/IT)	




4 LSTs at ROM 
if La Palma is selected as CTA North 

LST-­‐1	
  2016	


MAGIC-­‐II	

MAGIC-­‐I	


LST-­‐2	

LST-­‐3	
LST-­‐4	


in	
  2017-­‐2020	
  in	
  parallel	
  with	
  4	
  LSTs	
  in	
  South	




The corner stone ceremony of the 
first CTA ‒ LST at La Palma 

IAC	
  Director	
  
Rafael	
  Rebolo	


Prof.	
  Takaaki	
  	
  Kajita	
  
ICRR	
  Director	
  

Many	
  poliGcians	
  and	
  MT	




Achieve the best sensitivity of 1mCrab at 1TeV and  
survey our galaxy 



Look for PeVatron in our galaxy 



CTA	
  （Cherenkov	
  Telescope	
  Array）	
  covering	
  20GeV-­‐100TeV	


An	
  order	
  of	
  magnitude	
  beVer	
  sensiGvity	
  
Wide	
  energy	
  coverage	


More	
  than	
  1000	
  sources	
  will	
  be	
  discovered	
  

SimulaGon	
  GalacGc	
  Plane	
  scan	
  （HESS	
  	
  and	
  CTA）	
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~1000 
sources 



Courtesy	
  of	
  T.Takahashi	




CTA	
  

Red dots: Galactic sources observed by HESS 

HESS	
  

CTA： Ultimate Survey instrument 

n  All	
  sky	
  survey	
  with	
  
two	
  staGons	
  in	
  
south	
  and	
  north	
  

Supernova	
  remnants	


Fermi	
  Bubble	




z =	
  0.5	


z	
  =	
  2.0	


Ultimate Survey Instrument for the 
extragalactic sources, AGN Survey (z < 2.0) 



GRB: Simulated light curve 
(template: GRB080916C) 



Search for DM 
mx~ 50-2000GeV 



CTA Sensitivities for G.C. Halo in 100 h 
(J. Conrad) 

CTA-­‐ττ	


CTA-­‐bb	
Fermi	




Complementarity with Direct Search, 
Indirect Search, and accelerators 

Cahill-Rowley+ hep-ph/1305.6921 Red：XENON	
  1T	
  SensiGvity	
  
Purple：CTA	
  SensiGvity	
  
Brown：LHC	
  SensiGvity	


XENON	
  1T	


Excluded	
  by	
  CTA	
 Excluded	
  by	
  LHC	


XENON	
  1T	




Summary 
n  VHE	
  Gamma	
  ray	
  astronomy	
  moves	
  to	
  the	
  key	
  science	
  

with	
  the	
  deep	
  observaGon	
  è	
  matured	
  phase	
  
n  The	
  discovery	
  of	
  new	
  physics/phenomena	
  and	
  deep	
  

observaGon	
  of	
  the	
  interesGng	
  source	
  are	
  now	
  more	
  important	
  
rather	
  than	
  the	
  hunGng	
  of	
  new	
  sources	
  

n Wide	
  Angle	
  Telescopes	
  
n  HAWC	
  was	
  inaugurated	
  and	
  now	
  in	
  full	
  operaGon	
  
n  LHAASO	
  will	
  come	
  soon	
  	
  

n  The	
  construcGon	
  of	
  CTA	
  will	
  start	
  soon	
  	
  
n  CTA	
  will	
  study	
  with	
  an	
  unprecedented	
  sensiGvity	
  
n  Cosmic	
  Ray	
  Origin	
  
n  Super	
  Massive	
  Blackholes,	
  their	
  environment	
  and	
  evaluaGon	
  
n  Dark	
  MaVer	
  at	
  G.C.	
  and	
  dwarf	
  galaxies	
  




