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 Motivations 
 

 PAMELA-CREAM Anomaly 
 Understanding of power-law behavior 
 Green Function Method 
 Resolve the CREAM-PAMELA Anomaly 

 
 Production of Antimatters in the Galaxy :  
      PAMELA and New AMS02 data (positron and antiproton flux)  
 Some Hopes (Dark-Matter vs  Pulsar Scenarios) 

 
 Results  and Discussions 

 



Why GeV-TeV scale Cosmic Ray Physics are so 
interesting and important ? 

 
--  Recently many observation data came out: 
      CREAM, PAMELA, FERMI, HESS, AMS02, ….. 
 
-- Hopes to understand the property of Dark-

Matter, Anti-Matter, Diffusion and Transport 
Mechanism of  CR.  



















 Precise measurements of nuclei fluxes are needed to understand the 
acceleration and subsequent propagation of cosmic rays in the Galaxy. 

 Discrepant hardenings in the TeV scale cosmic ray proton-Helium nuclei 
spectra was appeared in 2011. 

 CREAM-PAMELA experiments found that the spectral shapes of proton 
and helium above 250 GeV/nucleon are different and can not be well 
described by a single power law:  Cosmic flux ~ E^{-2.75} 

 Single power law model is rejected at 95% C.L. and rejected at 99.7% C.L. 
by the Fisher’s and Student’s t-tests.   

                        
 For Proton: hardening occures at 232^{+35}_{-30} GeV/nucleon 

 
 
 For Helium at 243^{+27}_{-31} GeV/nucleon  

 
 
 
 

R
80 232, 232,= 2.85  0.015  0.004     ;   2.67  0.03  0.05R

p pγ γ− >± ± = ± ±

R
80 240, >243,He2.766  0.01  0.027    ;    2.477  0.06  0.03R

Heγ γ− = ± ± = ± ±



 Most studies of GeV Galatic Cosmic Rays (GCR) nuclei assume a steady 
state/continous distribution for the sources of cosmic rays, but this 
distributions is actually discrete in time and in space. 

 A stady-state model describes well many nuclei data (Ex: GALPROF). 
  The Current progress in our understanding of CR physics (Acceleration, 

Propagation), the required consistency in explaining  several GCRs 
manifestation (nuclei, gamma,…) as well as the precision of present and 
future space mission (e.g.. INTEGRAL, AMS, AGILE, GLAST)  point 
towards the necessity to go beyond this approximation (steady-state model) 





 General Diffusive Equation of CRs. 
 

  ( ) ( )t c E loss EE EV K b D Q D∂ Ψ +∇⋅ Ψ − ∇Ψ + ∂ Ψ − ∂ Ψ = −
  

a) Time-dependence: since the global structure of the Galaxy seems quite stable for the billions of years,
and the time scale of CR which we are interested in a few million years, the first term can be neglected
except for the cosmic ray density  and the source term Q in specific cases.Ψ

b) Convection term: There are observations that galatic winds exist in outer galaxies, they are probably 
due to stellar winds, supernova explosions, and probably cosmic ray themselves.

                

z                     =  e  (z) : sensitive to low energy CRc cV V σ


c) Diffusion term: because the exact structure of the Galatic magnetic field is very unclear and so are 
the models relating this structure to the diffusion parameter K. Diffusion will be considered ho
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mogeneous
over the complete diffusion halo.
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 General Diffusive Equation of CRs. 
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d) Energy losses: ( ) ;   :  mainly comes from the inverse-compton 
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e) Energy diffusion: Random magnetohydrodynamical waves can lead to stochastic acceleration of CR, 
but the proper microscopic description is not easy. Describing the process requires to know the colli
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f) Source term and Distruction term



 
 
Master Equation:  (           ) 
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 The energy spectrum of primary cosmic ray approximately behaves as 
E^{-2.75}, in the 10 GeV to 100 TeV range. 
 

 This is rather well understood if one assumes that these cosmic rays are 
accelerated by energetic events such as supernova explosion shocks, 
distributed evenly in the disk of our Galaxy.  

 Once injected inside the Galatic magnetic halo with a rate 
 
 

 Particles  are subsequently scattered by the turbulent irregularities of the 
Galatic magnetic field. 

  Their transport is described by space diffusion with a coefficient 
 
 

 At high energy, the  flux of a given primary CR species at the Earth: 
   

( / : Rigidity) and   2.15 0.15q R R p Zeα α−∝ ≡ ±

( [0.4,  0.85] from B/C ratio)K Rδ δ∝ ∈

-( + ) q/K = E α δΦ ∝



 Mainly modification of the energy behavior of either the injection spectrum 
q(E) or  the diffusion coefficient K(E). 
 

 A break in alpha could arise from a modification of the conventional diffusive 
shock acceleration (DSA) scheme: 

      Ohira & Ioka(2011), Malkov et al.(2012) 
 
  A different classes of CR sources: for instance, cosmic rays accelerated in the 

magnetized winds of exploding Wolf-Rayet  and red supergiant stars could 
have a double spectrum, with a hard component produced in the polar cap 
regions of these objects: Stanev et al.(1993), Zatsepin & Sokolskaya(2006), 
Biermann et al.(2010), Yuan et al.(2011) 
 

 Modification of the diffusion  coefficient K(E): an expected decrease of the 
spectral index delta at high energy, or an unusual strong spallation of the CR 
species on the Galactic gas, but criticized in a detail analysis by Vladimirov et 
al.(2012): 

       Ave et al.(2009), Blasi et al.(PRL:2012), Tomassetti(2012), Horandel et 
al.(2007), Blasi &Amato(2011) 



 Instead of the assumption on the homogenous steady-state sources of the 
cosmic ray inside the galaxy, we consider the importance of the 
discreteness of the sources which treat SN explosions as point-like events. 

 We investigate the Green Function method instead of the Bessel function. 
 Master equation: 

 
 
 
 

 
 Green Function for the CR protons:   

3

S

( ) ;      /

( , )  ( ) ( ) :  production rate of CR protons through acc.
( , ) 2  (z )  ( , )  :  collisions of CR protons on the hydrog

z C eff acc col p p

acc S S i S i S i

co l S S p S S

V K q q q dn dT
t

q x t q x x x t
q x t h x t

ϕ ϕ ϕ ϕ

δ δ
δ ϕ

∂
+ ∂ − ∆ = = − ≡

∂
= Σ − −
= Γ

pHe

en and Helium atoms

with (  + ) :  collision ratep p pH H Hen nυ σ σΓ = ×

2

2 2 2
S

2

1( , , ) exp[ ]  ( , , )
4 4

where   = (t - t )  and ( ) ( )

( ) 2 ( ) ( ) ( ) :    Vertical Propagator

p S S p S S

S S

p
z C p z p p p S S

G x t x t v z t z t
K K

x x y y

V v K v h z v z z t t
t

ρ
π τ τ

τ ρ
ν

δ δ δ

← = − × ←

= − + −
∂

+ ∂ − ∂ + Γ = − −
∂



 The final results of the vertical propagator is given by 
 
 
 
 
 
 
where   
 
 
 
 
 
 
When we impose the vertical boundary of the DH,  the boundary acts as  mirrors and give an 

infinite series of images from the source.  
 
The n-th image is located at  
                                    z_n = 2 L n + (-1)^n  z_s 
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 We compute the proton and helium spectra within the usual framework or 
diffusive propagation, and using propagation parameters consistent with B/C 
spectra, while taking into account the known local sources of cosmic rays. In 
our analysis, we don’t  need to modify the conventional CR propagation 
model. 

 
 We use the known data of supernova remnants (SNR) and pulsars which can 

be found in the Green catalog (2009)  and the ATNF pulsar database 
(Manchester et al. 2005). 
 

 In order to show the lower-energy(power-law regime) and high 
energy(spectral hardening) part of the CR spectra to be connected with each 
other, a consistent treatment of the problem require that the proton and 
helium fluxes are calculated over the entire energy range. 
 

 A crucial problem is  also to understand why just a few local sources could 
explain the spectral hardening at high energies whereas the bulk of the 
Galatic sources  is required to explain the power-law behavior of the fluxes 
below 250 GeV/n  
 
 











 CR propagation is specified by                   and L 
 

 The injection rate of CR species j is assumed as 
 
 
 
 

      and to be the same for all CR sources. 
 
 They are specified by the parameters  

 
 The average supernova explosion rate           per 100 years. 

 
 

 We have used these parameters to compute the proton and helium 
fluxes   
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Positron 
 Background of secondary positron is produced by the spallation 

of the interstellar medium by impinging high-energy particles. 
 Energy loss term becomes important,  via  synchrotron emission 

and inverse compton for  > 10 GeV.  
 Dominant mechanism: 

 
 

 
 
 

 Dark matter annihilation: 
 
 
     
Total flux: 
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Antiproton 
 The spallation of high-energy primary nuclei impinging on the 

atoms of the interstellar medium inside the galactic disc 
produces secondary antiprotons. 

  The annihilation of DM candidate particles throughout the 
Milky Way halo generates primary antiprotons. Notice that 
WIMP annihilations take place all over the diffusive halo. 

 Tertiary antiprotons result from the inelastic and   non-
annihilating interactions with a nucleon at rest.   The energy 
transfer may be sufficient to excite it as a ∆ resonance. This 
mechanism redistributes antiprotons toward lower energies 
and flattens their spectrum.  

 Antiprotons may also annihilate on interstellar H and He. 



















   Unlike in DM hypothesis, Pulsar scenario does not require  
     the introduction of an extra, exotic component to explain data. 
 
     Pulsar are undisputed source of electron-positron pairs, produced 

in the neutron star magnetosphere and, possibly, 
     re-accelerated by the pulsar wind and/or in SNR shocks. 
     Nearby pulsars, the local flux of high energy electrons and 

positrons is very likely dominant.  
 
     The recent PAMELA and AMS02 data can rather well be 

interpreted as originating from one single nearby Pulsar or by the 
coherent superposition of the electron and positron flux from all 
galatic pulsars. 



Positron  spectrum 

Total  energy of positron flux 
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 We resolve the anomaly of proton flux of the cosmic ray nuclei of 
the CREAM-PAMELA data, and Positron Excess at  PAMELA and 
AMS02  by considering the importance of the local sources of the 
supernovae remnants (SNR) and pulsars. 

 
 We find the importance of the young, energetic and nearby SNRs 

and pulsars, and their contributions. 
 
 Green Function method  will be used widely in the analysis of  

Future experiments (e.g. INTEGRAL, AMS, GLAST, …. ). 
 

 Monogram, vela can’t adjust the AMS02-data: 
      Very  young age      can’t contribute to the low energy positron                       

fraction  ( 10 GeV < E < 50 GeV)  



 focused on the effect of discrete sources of primary CRs on 
secondary species:  

    (ex: positron, antiproton and  anti-deuteron, …).  
 

 Could the positron flux and the antiproton flux at the earth 
depend on significantly the discreteness of CR sources?  
 

 Can we explain within the same scheme both the PAMELA-
CREAM anomaly of the TeV scale cosmic rays of nuclei and 
the anomaly of PAMELA-AMS02 anomaly of the positron 
excess ?   on going research.  

 



 
 
 
 

                   Thanks for your attention ! 
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