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DARK   MATTER  [?] 

Cosmic Rays    

Gamma Astronomy  [!]

Neutrino Astronomy [...]

Main “Themes”  (with many inter-connections) :



Methods +  techniques
to observe and study  
The “High Energy Universe” 

 “Counter Themes”  

Space, Ground, Sea, Ice,.....

New “Telescopes”  for gamma rays,
Neutrinos, cosmic  rays

Radio, acoustic, .....



Egret
Agile

Fermi

Hess
Magic
Veritas 

Milagro
ARGO 

Gamma 
Astronomy
“Golden Age”



 Amazing “Beasts”
 in the sky

 High energy astrophysical sources
 and the Physical Processes that  control them



●  PULSARS                      (PSR)

●  Pulsar Wind Nebulae    (PWN)

● Binary Systems  

●  SuperNova Remnant    (SNR)

●  Active Galactic Nuclei   (AGN)

●  Gamma Ray Bursts        (GRB)

●  ....novae, globular clusters, starburst galaxies, .....















“History” of a new Field:



“History” of a new Field:

Decades long
“Pre-history”
(no certifed sorces....)



“History” of a new Field:

Decades long
“Pre-history”
(no certifed sorces....)

How  will be  the 
“History Line”
 for Neutrino Astronomy  ??

… Need perseverance  ! ....



The   SUN
 
   as a “laboratory” 
   for CR Acceleration 
   and Transport
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PAMELA:  Solar  Flare 13/dec/2006
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The CRAB  Nebula



CRAB  NEBULA      Flaring  [!]

















CAS A
(1667)

SNR



“Fireball”  of an
  Supernova explosion 
  

Interstellar 
Gas
 

Strong Shock

Fermi 1st order
acceleration



W49B



274   SNR remnants  detected in radio
(Green  catalog)

High  energy gamma Rays detections.
Too  few detections?
Properties as expected?



(Re)-discovered in 1996
  by the Roentgen Satellite  

SuperNova  393A
RX J1713.7-3946

Observed in AD 393 
By chinese court astromers
22-october, 19-november

Foreground star

Neutron Star

X-ray image

Detected in 2004  by HESS in TeV gamma rays



Comparison  with ROSAT  observation

 HESS  Telescope 

Observations   with TeV  photons 
 SuperNova RX J1713.7-3946



Energy  Spectrum

Hess  estimate
Assuming: (p  )

> 10% of the explosion  kinetic energy → Relativistic protons. 



 astro-ph/1103.5727.  
 29th march 2011

Favors  
leptonic interpretation.



Have we  proved   that SNR are
the source of the bulk of 
the   Galactic Cosmic Rays ?

The evidence is accumulating.
Fermi, Hess results

Perhaps  case not closed...
[diferent opinions]

 A picture more complex  that the “simplest scheme”
 is  probably emerging

 



FERMI
Telescope 
work:

Detection of
Starburst galaxies

Gamma Ray
Luminosities
(> 100 MeV)

LMC

NGC 253

M82

Milky Way

 Determination
 of the Milky Way luminosity
 [consistent with       Decay



M81, M82



LMC

Dorado Region



Bottom line:

 The Acceleration of CR is   very likely correlated
 to the Star Formation Rate
 (and therefore Star “Death” Rate)

Compatible with the “standard  scenario”.
 
FERMI difusive  acceleration in SNR  blast waves
  is not the only possible solution. 



“Wild at Heart” the Galactic center!



  ACTIVE  GALACTIC  NUCLEI



3C219

Optical

Radio

ACTIVE GALACTIC  
NUCLEI



PKS 2155-304



PKS 2155-304

(Very rapid time  variations)



PKS 2155-304



AGN  observed by FERMI:

Red:        FSRQ
Blue:       Blac
Magenta: Radio Galaxies

671  AGN's









GAMMA  RAY  BURSTS  (GRB's) 

Proposed source
Of the CR





Γ  > 100

GRB : associated with a subset 
of  SN Stellar Gravitational Collapse



GRB 080916C
Z = 4.3
(Fermi)

 Most Powerful  emission  
 ever  recorded 
 (assuming isotropy) 

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. 





Extraordinary amount of new information
From Gamma Astronomy

But some key/fundamental questions
About the  high energy sources  remain quite open

   GRB
  AGN
  SNR
  Pulsars
  PWN



[Bright] Future  for 
(ground based)
Gamma Ray Astronomy

CTA

HAWC

LHAASO









HAWC





LHAASO



The Cosmic Ray  spectrum

Sharp feature at  230 GV  [Pamela]  [?!]

proton/nuclei/electron/positron/antiproton  acceleration 

Anisotropies  [Milagro, Argo, IceCube, ....]

The Knee 

From the “knee”  to the “ankle” [Kascade Grande]
2 knees ?  3 knees ?? ...... 

Galactic to extra-galactic  transition

UHECR   [Auger, HiRes, Telescope Array]



PAMELA

detector

Launch  
15th  june 2006

The “positron excess”:
  Evidence for DM ??
  or astrophysical efect ?



PAMELA 

Proton/Helium
CR fuxes
1 GV – 1.2 TV

Science in press
(march 2011)



 Surprising  and important result. 

 Broken power law 
 fts to spectra.
 
 Break at same
 rigidity p/Z 

p He



 Surprising  and important result. 

 Broken power law 
 fts to spectra.
 
 “Ankle” at same
  rigidity p/Z 

p He

Structure 





CREAM   (calorimeter on balloon) 
(5 fights in Antartica.  Total of 156 days)

Cream 5  trajectory
37 days 12/2009-01/2010



 Helium
 overtakes 
 protons (!) 

 Claim of “break” 
  hardening
  in CR spectra 













COSMIC  RAY 

       ANISOTROPIES



 “Bubble” of  cosmic rays
  generated in the Milky Way
  and contained by  the  
  Galaxy magnetic feld

  Space extension and 
  properties of this “CR bubble”
  remain very uncertain



  (verifed by  ARGO + IceCube)



4 TeV

6.2 TeV

12 TeV

50 TeV

300 TeV

TIBET AS-Gamma



 0.5 % 
 efect

 0.05 % 
 efect

Right ascension

MILAGRO  data  (10 TeV  hadrons).

Milagro “hot spots”

Argo





0.7 TeV (20-60)

2.5 TeV (60-100)

3.9 TeV (>100)

ARGO  Result





















 Need  measurements [and understanding]
 of Large Scale anisotropy   in all energy range

 from  TeV  to  UHECR 



AUGER 



The 
 
   “FERMI  BUBBLES”

“hidden in plain sight (!)”



Scientifc American news.   Title:
Hidden in Plain Sight: Researchers Find Galaxy-Scale 
Bubbles Extending from the Milky Way





  from NASA  website



Connection with 
The  “WMAP haze”



Local acceleration  of electrons inside the bubbles 





COSMIC  RAYS  

     from the KNEE  

                 to the ANKLE 





KASCADE-GRANDE







“Bump” ??







Hadronic
Model 
Dependence





UHECR

1.  Energy Spectrum

2.  Anisotropy

3.  Composition 

Crucial Problem:

Galactic 
Extragalactic
Transition



UHECR

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

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

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





HiRes/TA/Auger   observe a  High energy Suppression
That could be the GZK suppression
[or photo-disintegration of Iron]
[or Source Cutof]



UHECR

1.  Energy Spectrum

2.  Anisotropy

3.  Composition 

Signifcant 
Experimental 
Discrepancies

Auger/Hires/TA

Confusing
situation. 

Crucial Problem:

Galactic 
Extragalactic
Transition







Area        Energy
Shape  depends on :
● Primary Identity
● Interaction Model









 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 ?)



Total pp Cross Section

LHC and Ultra-High Energy Cosmic Rays



140 m from interaction point



LHCF  frst DATA  publication



COSMIC  Ray ASTRONOMY  [?!]
(imaging of the sources)



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



CEN A



Johannes Knapp



NEUTRINO 
      ASTRONOMY

....The moment of truth for IceCube ....













UNRESOLVED  FLUX

Sum of all High Energy 
Neutrino  Sources

EXTRA-GALACTIC   NEUTRINOS

Individual Sources

AGN
GRB's





INCLUSIVE  Extra-Galalactic  Neutrino Flux

Integral  dominated  by   large  distances



[MonteCarlo] Energy Spectrum of Neutrinos
Observable in IceCube.

Atmospheric

Astrophysical

Atmospheric-prompt



Neutrino  Energy

Reconstructed
Neutrino Energy

[From  Muon Radiation]



No excess over  atmospheric neutrinos









Escaping CR
[Source “dissolves” (like a SNR)]

neutron

 proton

Production of Cosmic Rays
Versus Neutrino/Photon spectra





Ratio   Neutrino-Photon 



“Resolved”  sources

Difuse contribution

“horizon”

Relation between
The difuse fux 
And the detected Point Sources





Obtain from difuse fux

Estimate from
Astrophysical
considerations.





Deep Core 



Deep 
Core 



It is  wrong to talk about:

     NEUTRINO 
     ASTRONOMY 
 
We should talk about 

     NEUTRINO 
     ASTRONOMIES 

10-100  GeV   (DM)
1-100  TeV      (Galactic Sources)
 EeV                (Radio,  EAS...)
.......





“Dreaming ON !!|





....The moment of truth for IceCube ....

......Difcult  choices
       in the Mediterranean....













Is  this a sufciently interesting 
Sensitivity to justify the  Telescope
In the absence of signals from IceCube ?













Neutrino Astronomy:  
 beyond the 
 “Km3 concept”

 Radio, Acoustic,.....











     DARK

    MATTER



Mysteries of the DARK UNIVERSE

DARK  ENERGY   :  
 Drives apart  galaxies 
  and other large scale  structures
  [The energy of vacuum  itself ?]

DARK MATTER:   
 Holds  together  galaxies
  and  other  large scale  structures
  [A  new  elementary particle ?]

Exist  at diferent scales: 
  Entire Universe
  Clusters of Galaxies
  Galaxy See M. Roncadelli



Three roads to the  study   of  the
“WIMP”  hypothesis:

1.  Direct Detection

2.  Indirect Detection
     [Observation of annihilation products
      In our own Galaxy]

3.   Discovery of a  new stable particle
      In an accelerator [LHC]



DAMA-LIBRA  (Gran Sasso underground  Laboratory)

250 Kg  NaI  scintillator.

Observation 
of sinusoidal 
 time-modulation  of the
 Energy Deposition Rate

 
(controversial) 
 claim of evidence
 of detection of
 Galactic  Dark Matter





SOURCE(s) + Propagation   →  Observable Cosmic Rays  

   Possible
   positron accelerators 



PAMELA
Antiproton result

Agreement with
Standard production 
Mechanism



High energy: 
ratio e+/e-
grow with  E !!

Very unexpected
result  !

Solar 
Modulation
efect



Proton and electron + Positron energy spectra

Use:  e+/e-  ratio
from Pamela 
ft of  e=(e++e-) data
to estimate e+ fux



FERMI:   electron + positron  fux

“Room”  for
Extra- component !  Dark Matter ??!!



From : Cirelli



Dark Matter explanation of the 
“Pamela positron excess”  in terms of  the 
“WIMP” model  is possible,  but  not in  its
 simplest,  most natural version.
 

 [1.]  The DM annihilation does not produce antiprotons
         “Leptophilic” Dark Matter [?]
           (no  convincing dynamical explanation)

 [2.]  Include a large “Boost factor”
          to increase the rate of  the DM  annihilations.
          Very “clumpy”  dark matter.
          (very lucky in being close to a big clump)
           “winning the jackpot”  [?]

Is this  “adding epicycles”  to the wrong theory ?

Astrophysical interpretations for the positron excess





Photon emission from DM  annihilation

No  evidence 
From Gamma Ray
measurements















Final  Remarks:

  The eforts to  understand  the objects and 
  the mechanisms that generate  
  high energy relativistic particles 
  in our Galaxy  and in the universe
  form a vibrant feld with continuous
  surprises and new discoveries.
  
 This is beautiful Science, still very much controlled 
 by the data, with theorists continuously surprised.

 Multi-messenger astrophysics is  essential,
 and [...sooner or later...]   Neutrino Telescopes
 will play a key role. 

 Search for Dark Matter remain  
 one of the most important problem for Science
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