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peak in secondary-to-primary ratios at ~ 1 GeV/nuc reflects some
feature of cosmic ray propagation in the interstellar medium
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CR transport equation:
Berezinskii et al 1990, Strong et al 2007 

B/C ratio 
Boschini et al 2019

simple 1D model
( ),  ( ),  0Q z n z u    equation for stable CR nuclei:

Ptuskin, Soutoul 1990, Seo, Ptuskin 1994, Jones et al 2001, …
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Cosmic ray diffusion
wave-particle resonant interaction Jokipii 1966 …

Possible nature of sec/prim peaks

Larmor radius wave number
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Seo, Ptuskin 1994, Ptuskin et al 2006                                    

Kolmogorov Iroshnikov-
Kraichnan

energy density of
MHD turbulence

Alfven and
magnetosonic
waves

W(k)~k-5/3

D0~vR1/3

Kolmogorov
type nonlinear
cascade of
Alfven waves

Kraichnan
Nonlinear
cascade of
magnetosonic
waves

- wave distribution is strongly anisotropic, 
(                       Goldreich, Sridhar 1995) and CR  
scattering is not efficient

-difficulty with interpretation of 
radioastronomical data Orlando 2018

- heavy damping in the interstellar medium but 
CR scattering can be provided in Galactic halo 
Yan, Lazarian 2002, Xu, Lazarian 2020
-scattering  is too weak below  1 GV in our
model  Ptuskin et al 2006

Problems:
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Equation for waves.

our equation (2006)
with reference to
Chandrasekhar 1948 
and Heisenberg 1948
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Evaluation formula  for  nonlinear  cascade of MS wave derived  from the wave kinetic equations for plasmons

Ptuskin et al 2006

source at long
wavelength
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Evaluation formula  for  nonlinear  cascade of MS wave derived  from the wave kinetic equations for plasmons
with resonant three-wave interactions  (Sagdeev, Zakharov (1970), Akhiezer et al (1974), Chashey, Shishov (1985), 
Zirakashvili ( 2000) , Chandran (2005)). We hold leading terms that describe efficient  energy transfer to short waves.

Analytical solution  of Eqs. (   ), (      ) without CR ionization energy losses gives
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Results of calculations
diffusion mean free path 3
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potons

Helium

AMS and 
Voyager
data

analytical solution
without energy loss

numerical solution 
with energy loss

Accepted values:
- CR source : qp~R-1.4 at < 1GV, R-2.4 at >1GV, qnuc=qp R0.15

- halo parameters:  H=4 kpc, n= 6 10-3 cm-3 , B= 5 10-6 G
- surface gas density of galactic disk 2.4 mg/cm2
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Conclusion

Damping of interstellar turbulence on cosmic rays remains

a possible explanation for the observed energy dependence

of cosmic-ray diffusion in the Galaxy below several GeV/n.

New estimative equation for magnetosonic turbulence allows

extending the original propagation model with damping to

6

extending the original propagation model with damping to

MeV energies. The cosmic ray transport equation is solved

simultaneously with this equation. Calculations demonstrate

reasonable agreement of the theory with observations of

primary and secondary nuclei in the energy range 1 MeV/n

to 100 GeV/n although some model improvement is required.
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