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Spatial Diffusion
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SOURCE TERM 
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∂
∂z [D(p)

∂f (z, p)
∂z ] − u

∂f (z, p)
∂z

+

+
1
3 ( du

dz ) p
∂f (z, p)

∂p
+ η

n1u1

4πp2
inj

δ(p − pinj) δ(z) = 0

Diffusion Advection

Compression
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Power law in momentum, slope s=3r/
(r-1) depends    ONLY on the 

compression ratio r=u1/u2 -> 4 
 No dependence upon diffusion
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TRANSPORT EQUATION: THE HIGH ENERGY LIMIT
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RECENT AMS-02 OBSERVATIONS
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NON-LINEAR EFFECTS

•  Super-Alfvenic streaming of cosmic rays        instability        growth of 
Alfvén waves  

• Transition from this regime to Galactic turbulence generates a break in 
the diffusion coefficient just around     200 GV :   

(e.g. Blasi+ 2012 PRL 109,061101)

PURPLE VS CYAN LINE:

δ1 ≠ δ2

δ1 = δ2

ENOUGH

NOT ENOUGH

(Blasi 2017)



A. REACCELERATION EFFECT:

The same shock waves at supernovae explosions that accelerate primary 
CRs in the first place are expected to pick up and re-energize any other 

charged particle in the upstream above the threshold of injection 
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• Distribution of SNRs that CRs found in the Galactic disk as a function of 
their radius in the S-T phase 

•   Maximum energy cut-off

EMax(t) ≈ 100 ( t
tST )

− 4
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TeV

A. REACCELERATION EFFECT: 14

P (rSN) drSN = KP
dt(rSN)
TMax

; TMax ≈ 3 × 104 yr
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B. SOURCE GRAMMAGE 18

Particles up to         TeV/n are typically confined for a time                       yr 
inside the sources  

A non-negligible production of secondaries might come from interactions 
occurring inside the SNR BEFORE the escape of primaries: 

Ek ∼ TSN ≈ 3 × 104

CONTRIBUTION FROM PRIMARY   
PARTICLES THAT ARE STILL LOCATED          
INSIDE THE SOURCES 
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VB, E. Amato, P. Blasi, G. Morlino, 
MNRAS 488, 2068–2078 (2019)  
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… REACCELERATION & GRAMMAGE INSIDE 
SOURCES allow us to well-reproduce the spectra 
of CNO, p, He and B/C, B, Li, pbar without 
requiring alternative descriptions of CRs transport 


