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 Possible  physical signifcance 
 of new  measurements
 in the energy region 
 from the “Knee”  to the “Ankle”.



LHAASO



 “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



 Injection 
 of cosmic rays

 Containment
 time

Diferent particles

Galactic Cosmic Rays



 Injection 
 of cosmic rays

 Containment
 time

LARGE Power
Requirement

Spectral Shape 
[Dynamics  of acceleration process]

Source 
Identifcation !

Maximum  Energy of the
Galactic CR sources
“PeV-atrons”   (1015 eV)
“EeV-atrons”   (1018 eV)



 Injection 
 of cosmic rays

 Containment
 time

Competition of  diferent times:

Interaction
(hadrons)

 Escape  
 from Galaxy

Energy losses
(electrons/positrons)



25-35 Kpc

0.5 Kpc

8 Kpc

B

   Difusion approximation

   Maximum   energy
   for containment



 Propagation  as
 isotropic difusion

Injection: 

Observable CR
populations:

CR  escape

Extra galactic
particle



Piece of  extragalactic  space:  Non MilkyWay-like sources

Galaxy

Milky Way

AGN



Piece of  extragalactic  space:  Non MilkyWay-like sources

Galaxy

Milky Way

AGN

Extragalactic
Magnetic Field

Extragalactic CR
Injection Power densityxs



The Galactic 
    to   Extragalactic
                   Transition

is emerging as a crucial  problem for 
CR  science.



α = 2.5

 2.3

 2.7

 2.0

Power Law  Injection  (No  Cosmic  Evolution)

Remarkable
“coincidence” (?!)

Berezinski et al  “DIP Model” Transition  at  E = 1018 eV



CAS A
(1667)

The SuperNova Paradigm



“Fireball”  of an
  Supernova explosion 
  

Interstellar 
Gas
 

Strong Shock

Fermi 1st order
acceleration

MAXIMUM 
ENERGY ?



FERMI
Telescope 
work:

Detection of
Starburst galaxies

Gamma Ray
Luminosities
(> 100 MeV)

LMC

NGC 253

M82

Milky Way

The Acceleration of CR is  
 correlated  to the Star Formation Rate
 (and therefore Star “Death” Rate)
Compatible with the “standard  scenario”.
 



  ACTIVE  GALACTIC  NUCLEI



GAMMA  RAY  BURSTS  (GRB's) 

Proposed source
Of the CR



Γ  > 100

GRB : associated with a subset 
of  SN Stellar Gravitational Collapse



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 ?)



Detailed  measurements of the 
Energy Spectrum
[Identifcation of features]

Evolution with energy of the
Chemical Composition

Anisotropies of the fux



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 





Tibet AS Gamma Air Shower    

Spacing  7.5 meters (interior)

  A(internal) 
        = 36,900 m2

150 meters



Tibet Air Shower Energy Spectrum



TIBET   AS-gamma  CR spectra

 “KNEE”



2nd  “Knee” ?
Ankle

TIBET   AS-gamma  CR spectra

HIRES spectrum



TIBET   AS-gamma  CR spectra

HIRES spectrum

AUGER spectrum Energy scale discrepancy.







KASCADE  /KASCADE-GRANDE







KASCADE
Results

Model Dependence !





 Progress in hadronic interaction
 modeling ?

 7 + 7 TeV
 PP collider







Total pp Cross Section

LHC and Ultra-High Energy Cosmic Rays



KASCADE-GRANDE



KASCADE-GRANDE   energy spectrum 





“Shape of the Knee”  (?!)

Kascade Grande
(Karlsruhe KIT)



“Steepening”





KASCADE-GRANDE  spectrum



KASCADE-GRANDE  spectrum 3 knees ?? 



COSMIC  RAY 

       ANISOTROPIES



  (verifed by  ARGO + IceCube)



4 TeV

6.2 TeV

12 TeV

50 TeV

300 TeV

TIBET AS-Gamma



0.7 TeV (20-60)

2.5 TeV (60-100)

3.9 TeV (>100)

ARGO  Result



 0.5 % 
 efect

 0.05 % 
 efect

Right ascension

MILAGRO  data  (10 TeV  hadrons).

Milagro “hot spots”

Argo





















AUGER 



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

 from  TeV  to  UHECR 





Final  Remarks:

New measurements of the CR fuxes in the broad
energy region “from the knee to the ankle”  have the 
Potential to  give very valuable information on  the 
“high energy universe”.

The Optimization of the design of  a shower detector 
 for this purpose is a non trivial problem
 that  requires careful discussion.

Uncertainties in the shower modeling due to our imperfect
Understanding of hadronic interactions  remain an important
issue. LHC  is a  great opportunity for improvement.

The study of anisotropies is  of great importance.



 The idea  of  constructing  an instrument 
 that is at the same time:

  a  Gamma Ray  Telescope 

 a  High Energy  Cosmic Ray  Detector

  is  natural  and very attractive.

There is space for signifcant  improvement over
Existing  measurements. 

[but a more detailed study is  required to  estimate
 the impact of the current LHAASO project as CR detector.]
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