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1.  Gamma  Astronomy
     “Golden Age”

2.  Unsolved problems  
     in  COSMIC  RAYS
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1st FERMI-LAT catalogue
1451 sources  (!!)

GeV  Sky 



The TeV  sky is  approaching 100 sources
 belonging to  several  diferent classes: 
                                                        

TEV  SKY



HESS  scan  of the   Galactic    plane
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●  PULSARS                      (PSR)

●  Pulsar Wind Nebulae    (PWN)

●  SuperNova Remnant    (SNR)

●  Active Galactic Nuclei   (AGN)

●  Gamma Ray Bursts        (GRB)



PULSARS 

CRAB  Nebula

Proposed as  possible
Accelerators of e+ e-



Fermi Pulsar detection



Hooper, Blasi, Serpico 2008

Contribution 
from all  Pulsars

Explanation of the
“PAMELA POSITRON EXCESS”
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AGN  observed by FERMI:

Red:        FSRQ
Blue:       Blac
Magenta: Radio Galaxies

671  AGN's



PKS 2155-304



PKS 2155-304  (HESS measurements)
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GAMMA  RAY  BURSTS  (GRB's) 

Proposed source
Of the CR



GRB 080916C
Z = 4.3
(Fermi)

Most Powerful  emission of  energy 
Ever  recorded  (assuming isotropy) 

Narayana Bhat





Narayana Bhat



GRB Angle 
from 
LAT

Duration # of events
> 100 MeV

# of events
 > 1 GeV

Delayed 
HE onset

Long-lived 
HE emission

Extra 
spectral 
comp.

Highest 
photon 
Energy

Redshift

080825C ~ 60° long ~ 10 0 ? � X ~ 600 MeV

080916C 49/52° long > 100 > 10 � � ? ~  13.2 GeV ~ 4.35

081024B 21° short ~ 10 2 � � ? 3 GeV

081215A ~ 86° long — — — — -- —

090217 ~ 34° long ~ 10 0 X X X ~ 1 GeV

090323 ~ 55° long ~ 20 > 0 ? � ? ? 3.57

090328 ~ 64° long ~ 20 > 0 ? � ? ? 0.736

090510 ~ 14° short > 150 > 20 � � � ~ 31 GeV 0.903

090626 ~ 15° long ~ 20 > 0 ? � ? ?

090902B 51° long > 200 > 30 � � � ~ 33 GeV 1.822

090926 ~ 52° long > 150 > 50 � � � ~ 20 GeV 2.1062

091003A ~ 13° long ~ 20 0.8969

091031 ~ 22° long ~ 30 2

100116A ~ 29° long < 10 0

Narayana Bhat



Γ  > 100

GRB : associated with a subset 
of  SN Stellar Gravitational Collapse



But:

A complete understanding of the mechanism
behind   GRB's  remains  elusive.

Their  possible role  as  the source
 of UHECR  
 (or even of ALL  Cosmic  Rays)
Remains only a speculation. 



Short  distance structure
of space time

Delay of high energy photons







COSMIC RAYS
1. Below the Knee

2.  The Knee

3.  More knees ??

4.  Galactic to Extragalactic transition

5.  The “End” of the spectrum



Escape

Charged Particles:  magnetic confnement



Piece of  extragalactic  space:  Non MilkyWay-like sources

Galaxy

Milky Way

AGN
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Cosmic Ray
Nuclear
Composition

Overabundance of
Li, Be, B

Sub-iron  elements

Spallation  efect:

Column  density
Confnement time



tau(E) ~ E-0.6

From CREAM



Jordan Goodman
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0.5 %  efect



Milagro  
collaboration

ARGO







GRAPES-3   at  Ooty



Yoshio Hayashi
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Event of 20th  November  2003



Prasad Subramanian
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ARGO  
Moon shadow



Moon SHADOW
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Sunil  Gupta

GRAPES-3      Cosmic Ray  Spectrum



Sunil  Gupta



Going to  higher energy:

The Knee

More structures ?

Galactic to  Extragalactic  Sources  Transition
[Extragalactic Sources]

The “END of  the SPECTRUM”





Mario Bertaina



Mario Bertaina“Shape of the Knee”  (?!)



Mario Bertaina

“Steepening”



α = 2.5

 2.3

 2.7

 2.0

Power Law  Injection  (No  Cosmic  Evolution)

Remarkable
“coincidence” (?!)

Berezinski et al  “DIP Model”







The Second Knee



UHECR

1.  Energy Spectrum
 Clear identifcation of a high energy suppression 
      [the “END”   (… well the “suppression”)
      of  exotic/fundamental physics modeling for UHECR]. 

Excellent agreement between experiments
  [“small”  but important question about the energy scale].

Physical interpretation strongly coupled to (2., 3.)
   (anisotropy + composition).  [proton GZK  ?]



UHECR

1.  Energy Spectrum

2.  Anisotropy

3.  Composition 

Signifcant 
Experimental 
Discrepancies

Auger/Hires

Confusing
situation. 



UHECR

1.  Energy Spectrum

2.  Anisotropy

3.  Composition 

Consistent
 interpretation 
 of AUGER
 results  is 
 problematic.

“CRISIS” (?)



Crucial Problem:

Galactic 
Extragalactic
Transition

UHECR

1. Maximum Energy of
     Milky Way sources

2. Power of Extragalactic CR sources

3. Shape of  injection spectrum
 of extragalactic  CR

Energy Spectrum
“feature”

Composition change

Isotropy efect



Crucial Problem:

Galactic 
Extragalactic
Transition

UHECR

1. Maximum Energy of
     Milky Way sources

2. Power of Extragalactic CR sources

3. Shape of  injection spectrum
 of extragalactic  CR

Energy Spectrum
“feature”

Composition change

Isotropy efect

Not  detected
Poorly predicted
MW large scale feld



AUGER  result  on  Correlations with the VCV AGN catalogue

November 2008.    Update  september 2010.

14 ev.    8 coincid. (2.9)
13 ev.    9 coincid. (2.7)
42 ev.  12  coincid.(8.8)

Signifcant dilution 
[but not disappearance]
of the  statistical signifcance



3, 20 degrees circles
November 2008
Update  september 2010
November 2008 (13 + 14 events)
Update  september 2010  (+42 events)

Discussion on  CEN A
The  AGN   closest to   us.

3 events  within 3  degrees
8  events  within 18 degrees

+0   events within 3 degrees
+5   events within 18 degrees



 Mass Composition
 becoming heavy ?
 at  very high energy ?

  Signifcance would be
  very important !
  Constraints on the
  structure and properties
  of the astrophysical sources.

 
Observational   controversy 
 NON confrmation
 of HiRes

Correlation with sources
Small  deviation in magnetic
Fields  ( Z < 3 ?)



Johannes Knapp



“If these trends persist to the
highest energies there would appear to be a confict 
between conclusions that can be drawn from
the anisotropy and the conclusions drawn 
from the elongation rate measurement.”

“These results also demand a more careful review of
 what seemed to be an obvious conclusion that iron nuclei
 could not show an anisotropy because of galactic 
 and perhaps extragalactic magnetic  felds.”

J. Cronin:  astro-ph/0911.47141



FLUCTUATIONS  on  



2  component model:        Proton + Iron   





Conclusions

 

2 points.



Conclusions

 Particle Astrophysics  is  a  vibrant feld !
 our understanding of the “High Energy Universe”
 is progressing. 
 New Discoveries, Surprises.
 We live in a good time to   do research in this feld.
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 Particle Astrophysics  is  a  vibrant feld !
 our understanding of the “High Energy Universe”
 is progressing. 
 New Discoveries, Surprises.
 We live in a good time to   do research in this feld.

In India is  possible to  perform  “miracles”:
  Finishing this building in  such a short time.
  Organizing this  beautiful  meeting.
  Developing such a promising scientifc activity



Ajai,  Atul, ...,Prabkhar,....
 ,Prasad,Pravata, ...,
..... Shashi, ...., 



Ajai,  Atul, ...,Prabkhar,....
 ,Prasad,Pravata, ...,
..... Shashi, ...., 

...... and  

   (of course and especially)  SUNIL 

!!!   THANKS  a LOT   !!!
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