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Abstract: A new study of the cosmic ray electron and synchrotron spdstpresented. Anomalous
diffusion model, proposed in our recent papers, is used $oriee the particles propagation in fractal-
like interstellar medium. The parameters defining the anouasadiffusion have been determined from the
analysis of nuclear component. We carried out calculatidhesynchrotron spectrum in the frequency
range~ 2 MHz —2 GHz (corresponding to energies of electrens.2 — 6 GeV). The computed electron
and synchrotron spectra are in a good agreement with theimqrgal data.

I ntroduction where D(E, o) is the anomalous diffusivity an
(—/\)*/? s the fractional Laplacian (called “Ris

The studies of the electron component of cosmic operator” [12]).

rays and their resulting non-thermal synchrotron The main goal of this paper is calculation of ele

radiation in galactic magnetic fields allows to ob- tron and synchrotron spectra in the framework

tain information on the origin, acceleration and anomalous diffusion model. To solve this proble

propagation of particles in the cosmic objects. Cal- we resort to two-component model [10, 6, 11]. T

culations of electron spectrum and spectrum of sources were separated into two categories: ¢

the non-thermal synchrotron radiation were con- spurces and distant sources, which provides

sidered in series of papers (see, for example, [1, 2, tionary regime of injection.

3, 4, 5]). In this work we consider propagation of

cosmic ray electrons in the context of anomalous .

diffusion model, which recently was discussed in SP€ctrum of cosmic ray electrons

the papers [6, 7, 8, 9]. It has been shown that the

“knee” in the primary cosmic ray spectrum could For a pointimpulse source with the power-law €

be due to large free paths (the so called “Levy ergy spectrumS(v,t, E) = SoE~Pé(r)H(T —

flights”) of cosmic rays particles between inhomo- t)H (t) that simulates the process of generation

geneities of magnetic fields — “traps” of the various particles in the nearby young sources (so cal

type. The “Levy flights” are distributed according local component (L) < 1 kpc, and injection

to inverse power lawk Ar—3=% r — oo, a < 2, time T~ 10* yr) a flux of electrons is writter

where exponent is defined by fractal features of as [10, 6, 11]

the interstellar medium.

In [10, 6, 11] an anomalous diffusion (superdiffu-
sion) equation for concentration of the electron in

MiN[t,1/by(E+E2))]
JL(F,t,E) :SO / d’TEo(’T)_p

the fractal-like interstellar medium was proposed. maxo,t—1
This equation has the following form ME, EO(T))fii/a(l — byT(E + E3)) "% x
ON xg5™ (B, Eo())71/*). (2)

o = ~D(B,a)(=2)* AN (7t E) +

OB(E)N (7,1, B))JOE + S(F.t,E), (1) The flux from the distant sources (global comg

nent (G),r > 1 kpc) is obtained from the stead)
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Figure 1: L- and G- components and total energy
in[13, 14, 15, 16, 17, 4, 18, 5].

state model [6, 11]

__% r p
Jo(E) = bE) /dEOEO X
E
AE, Eo) =2/ gS (rA(B, Eo) V). (3)

In eq. 2 and eq. 3{* (r) is the density of three-
dimensional spherically-symmetrical stable distri-
bution with characteristic exponemt< 2 [19, 20].
Equation forEy () has been presented in form [1]

E+F
E = _E )
o(7) 1—0ir(E + Bo) /(B2 — Ey)
and
b
(0%
E, Ey(r)) = Rl ok
NEE() = [ S,
E
where
b(E) =by+ b FE+ b2E2 ~
ijg(E-i-El)(E-i—Eg). (4)

Eq. 4 gives the energy-loss rate of relativistic elec-
trons [1], whereby = 3.06 - 10~ 16n (GeV s71)
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spectrumeatreins. Experimental data are report

is for ionization losses in interstellar mediuta £/
with b; = 10~ %n (s~!) corresponds to the brem:
strahlung energy losses, ahd®? with b, = 1.38 -
10716 (GeV s)™! represents synchrotron and i
verse Compton losses (fét, ~ 5uG andw =~ 1
(evicn?)), By = bg/by, Ea = b /by. As a re-
sult the flux of electrons from all types of galact
sources may be presented as

Je(LE)= > Ju(Fiti, E) + Ja(r,E). (5)
r<i1kpc

The nearby sources characteristics, used in our
culations are given in [11].

The parameters defining the anomalous diffus
ity and used in our work have been recently ¢
rived from the studies of nuclei propagation [2:
a = 0.7, D(E,a) = DyE’ whereDy = 2 -
10~5pd7yr=t and§ = 0.27. Our calculations
show that the best agreement with the experim
tal data may be obtained if electrons are gener
by sources with a spectrusioc E~2:6 (Fig. 1).

For description of the spectrum in low-ener
range near solar system it is necessary to take
account an effect of solar modulation. The so
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Figure 2: Synchrotron radiation spectrum. Experimenttd dae taken from [4].

modulation is calculated as [15] For E >> m.c? the functionP, (E) has the peak
at a frequency [22]
Jimoa(r, E) = B —mec
mel T T TR £ (]2 — mec? Vm(MHZ) = 16.0B (uG)E%(GeV).

xJe (B +2(t), ©) For our purpose (calculation of synchrotron rai

where ®(t) = 600 MeV. Results of calcula- ation spectrum), it is sufficient to use the del

tions of cosmic ray electrons spectrum in ISM and 2PProximation i”_ the fo.rnP,,(E) = Pod(v - Vm)~ .
the modulated spectrum in low-energy range are AS & result, the intensity of synchrotron radiati
demonstrated in Fig. 1. is given by the expression [22]

L I, =Py | dzJ.(r, E). 7
Synchrotron radiation spectrum 0/ 2Je(r, B) )

The synchrotron spectrum, calculated by eq. 7w

The synchrotron radiation emitted by relativistic parameters ~ 2.6 anda = 0.7 is shown in Fig. 2.

electrons is the most important diagnostic available
for the study of the transport of these particles in
the interstellar medium. Conclusion

Intensity of synchrotron radiatioh at a given fre-

guencyv is defined by average density of electrons We have carried out new calculations of sy
pe(E) = [dzJ.(r,E) (z is measured along the chrotron radiation spectra using an anomalous

line of observation), and equals to [2] fusion model to describe cosmic ray electrc
propagation in the Galaxy. Comparison of rest
I, = /P,,(E)pe(E)dE, of calculations of the synchrotron spectrum in t

frequency range- 2 MHz — 2 GHz (correspond-
ing to energy of electrons. 0.2 — 6 GeV) with

the experimental data allowed us to obtain the ¢
clusion on the spectrum power index of the ct

whereP, (E) is the intensity of radiation at a fre-
quencyv of single electron with the energy.
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mic ray electrons in the low-energy region. Ex-
tensive calculations of the cosmic ray electron and

synchrotron spectra show that the best fit of exper- [11]
imental data may be obtained fors 2.6.

This work is supported by the RFBR grant No.
07-02-01154 and RF president's grant MK -

2873.2007.2.
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