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B~ 3μG 

Deflection angle ~1 degrees at 1020eV

Solar System

1018eV 1019eV

1020eV



By K.Dolag, D.Grasso, V.Springel, and I.Tkachev  

By Sigl et al.



M87 (HST) 

BlazarsFRI, FRII

SMBH 107-1010 M

Gamma factor ~10



Hypernova! Binary neutron stars 
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UHECRs UHECRs UHECRs

CMB photons 

~400/cc

2.7K CMB, Sky viewed by WMAP





Anisotropy comes in!! 



Below GZK (6x1019eV), visible  

Universe for UHE P is 5Bly

Above GZK (> 6 x1019eV), visible 

Universe becomes ~300Mly~1.5Gpc

~100Mpc

CMB photon
UHECRs



By A.Kravtsov 



E>1019.5 eV 

E>1020 eV 

E>1020.5 eV 

GZK attenuation : 

• larger CR density contrasts 

• constrasts on larger scales 

Proton 

B.G. Limited 

Signal Limited 



Equatorial coordinate

Galactic 

coordinate



Heavy particles from a few sources

Correlation with H1 galaxies GRBs? Correlation with Hard X-Ray BAT AGNs

Correlation with Super galactic plane











Matter (<90Mpc), Galaxies (<45Mpc) by A.Kravtsov  
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~ 10 km Particle 

shower 

~ 1o 

~ 120 m 

Gamma 

ray 
Observe Cherenkov light from 

gamma ray showers 

Effective area ~ 105m2 
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MC Simulation of Shower 

Angle in  degrees 

300 GeV 

Hadron Rejection by Image  ~99% 



Gamma Shower Hadron shower



Background



MAGIC-II is completed 

First Light Ceremony April 2009 

Improve sensitivity by a factor of three 

Effectively lower the threshold energy 

(upgrade with HPD 55%QE photodetectors) 

New technologies 

to lower the threshold energy 

17m diameter world largest Cherenkov tel. 

0.1°High resolution camera 

Hemispherical High QE PMT 

Optical fibre analogue signal transmission 

2GS/sec Ultra Fast FADCs 

Current MAGIC-I Performance 

Fast rotation for GRB < 40secs 
Trigger threshold  ~55GeV  ~25GeV 

Sensitivity ~1.6% of Crab (50hrs) 

Angular resolution ~0.1 degrees 

Energy Resolution 20-30% 

85m 





 ~ 3~4 arcmin around 1TeV 

Can do something great!!







Origin of cosmic rays 

Gamma

apparent 
source
direction 

charged 
particle

0 ->  
± -> μ +  

Cosmic Rays + X ->  + X‘ 

μ -> e +  







BeppoSax

Suzaku

MAGIC, CAT

MAGIC 





Dark Matter Annihilations
Bergstrom et al.



GRBs 
AGNs 

Origin of 

cosmic rays Cosmology 
Dark matter 

Space-time 

& relativity 

Pulsars 

and PWNe

SNRs Micro quasars 

X-ray binaries 



Radio 

10-6eV

CMB 

10-4eV

IR 

10-2eV

Optical 

1eV

X-Ray 

103eV

Gamma Ray 

108eV

VHE Gamma Ray Astronomy is a newly emerging field  

(81 sources today)









Crab Nebula 

Cygnus Region 



HESS HESS 

Index ~2.0 

Break ~20TeV Index ~2.2 

HESS RCW86 

XMM-Newton, HESS 



Composite image 

With X(Chandra),  

Radio(VLA),  
Optical (DSS) 

CXOU J061705.3+222127 

index~3.1 

MAGIC J0616 

Molecular Cloud 

Radio 

X-ray 

EGRET 3EG J0617+2238 

Pulsar CXOU J061705.3+222127 



Y. Uchiyama, T. Takahashi 
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Electrons x B^2 

SED and Strong B in the shell suggest Hadronic origin of VHE gammas 

Color HESS observation 

Contour Suzaku X-Ray







Funk 2006 





IC peak is estimated to be 

IC_peak = 77 ± 35 GeV 

~ 250GeV 

>500GeV Circle 

Position of Pulsar 

MAGIC 

Sync. 
IC 



Improvement 



Published in Science in 2008







HESS 

MAGIC 

HESS 

MAGIC 

HESS 

Observation 

MAGIC 

Observation 



Galactic  

plane Sgr A* 

G0.9+0.1 

point sources subtracted 

diffuse  

emission 

HESS J1745-303 

Sgr A East 

Error on GC source 

location: 

6” stat., 6” syst. 

(van Eldik, ICRC07)   



Suzaku (Matsumoto et al. 1996) 





M87 (HST) 

BlazarsFRI, FRII

SMBH 107-1010 M

Gamma factor ~10



27 sources (2 x FR-I, 24 x BLLacs, 1 x FSRQ)







e+ 

e- 

EBL VHE 

IACT 

Extragalactic Background Light 
blazar 





Fosatti et al. 1998 

HBLs 

LBLs 

FSRQs 

Celotti & Ghisellini 2007 



If Gravity is a Quantum theory,  

at a very short distance it may show a very complex  

“foamy” structure due to quantum fluctuation. 

Use gamma ray beam from AGNs/GRBs  

to study the space-time structure 

Energy 1000GeV ~ 10-16E
Pl

 

Distance 100~1000Mpc (1016-17sec)  

Visible time delay ~ 1 - 10 sec



250-600GeV

600-1200GeV

>1200GeV



H.E.S.S. 

arXiv:0706.0797  





MAGIC Phase II (MAGIC-I + MAGIC-II) in 2009 

HESS Phase II (HESS + 28m Telescope) in 2010 

>1000 sources will be discovered 

CTA 

JAPAN(EoI), US 

Astronomers in EU 

FERMI



~3000 sources 

by GLAST, AGILE 

~1000 sources 

by CTA 

GLAST 

AGILE 



Advanced Gamma  

Imaging System 

US-PROJECT







GRBs

Clusters of galaxiesStarburst galaxies 

Galaxy mergers Dark Matter Annihilation

UHECR Sources
Galactic Diffuse 







UHECRs 

EeV~ZeV  

z ~ 0.02 







Curtsey of T.Gasser 

Halo

G.C.Disk



~ 5g/cm2  ~107 yr 

The bulk of cosmic rays propagate diffusively in the Galaxy.  

The abundances of light elements is the best proof. 

Less hydorgen 

Even-odd effect 

Li, Be, B 
Sc, Ti, V, Cr, Mn 

Quantitatively explained by 

spallation



~ 5g/cm2  ~107 yr 

The bulk of cosmic rays propagate diffusively in the Galaxy.  

The abundances of light elements is the best proof. 

Less hydorgen 

Even-odd effect 

Li, Be, B 
Sc, Ti, V, Cr, Mn 

Quantitatively explained by 

spallation





Be-10 (1.6 million year halflife) 

Al-26 (0.87 Myr) 
Cl-36 (0.30 Myr) 

Mn-54 (0.8 Myr estimated)

Again we obtain life time of 

~107 year





e+/e- ratio significant deviation from SM 

 Maybe nearby pulsars, SNRs

e+ / (e+ + e-) anti-p / p

There is no significant deviation form SM



Nature 20.Nov.2008



There is some deviation from SM. 

But no bump

It follows SM. 

If we assume universal spectrum 

of electron with a bump at 600GeV, 
we also expect a bump in diffuse  

gammas around 1GeV. 

(IC process with CMB)















Pulsar SNR A.G.N. 

GRB 

Radio Galaxy Lobe 













Cloud 

V, ~1 

E, P, ~c 

E’’, P’’ 

Cosmic ray 



Cloud 

V, ~1 

E, P, ~c 

E’’, P’’ 

Cosmic ray 





Shock wave in the atmosphere 



Cas-A exploded 300yr ago 
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u1 = V u2 = 1/4V shock 

100% 

cosmic ray density n2 = n cosmic ray density n1 = n 

  n c 

  n c – n u2 n u2 
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