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Problem

Despite more than 100 years of research, the spatial distribution of the main
cosmic rays sources and the mechanisms of particle acceleration in them have
not been finally established. Today, there are no reliable experimental data
confirming the fact that supernovae accelerate CR nuclei to energies of

~ 3 — 4 PeV,i.e, to the «<knee» energy in the CR spectrum.

One of the most actual problem of astrophysics today is to estimate the dis-
tance to the main galactic sources — pevatrons, which form a break in the
spectrum of the CR nuclear component of about 3 — 4 PeV.
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Solution of the problem

Main goal

We discusses an approach that made it possible to estimate the distance to the near-
est pevatrons, which form a break in the spectrum of the CR nuclear component about
3 — 4 PeV.

Key assumptions

® Qur approach is based on the spectra of nuclei and electrons obtained by the
authors in the framework of the superdiffusion model of nonclassical CR
diffusion, which have a break.

® \We assume that nuclei and electrons+positrons are accelerated by the same
type sources and their propagation in an inhomogeneous turbulent galactic
medium is characterized by the same diffusion coefficient.

® \We use the fact that there is a break in the high-energy cosmic-ray electrons
plus positrons spectrum in the region ~ 0.9 TeV.
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Break in the CR ¢~ + ¢ spectrum
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Superdiffusion of CRs

The equation for the density of particles with energy E at the location r and time ¢, generated in a fractal-like
medium by Galactic sources with a distribution density S(r, ¢, ) can be written as egs. (1) and (2).

Nuclear component of CRs e~ + ¢t component of CRs
ON(rt,E) ON(r,t,E)
ot B ot B
= —D(E,a)(=A)°*2N(r,t, E)+ = —D(E,a)(=A)*2N(r,t, E)+
+S(r,t, E). (1) OB(E)N(r,t,E)/OE + S(r,t, E). (2)

D(FE,a) = Do(a)E? is the anomalous diffusivity;

(—A)®/2 is the fractional Laplacian (“Riesz operator”) (reflects a nonlocality of the diffusion
process of particles in the interstellar medium);

B(FE) isthe mean rate of continuous energy losses of electrons and positrons.

2" In case o = 2 from (1) and (2) we obtain the normal diffusion Ginzburg-Syrovatskii equations.
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Energy losses

Energy loss mechanisms Rate of energy losses
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Solution of superdiffusion of CRs

The solution of the superdiffusion equations (1) and (2) is found by the Green’s
function method for point instant source

S(r,t, B) = SoEP5(r)3(%).

Nuclear component of CRs
N(r,t, E) = SoE™P(D(B, a)t)~>/*g{™ (r(D(E, a)t) /). 3)

Here géa)(v“) is the probability density of three-dimentional sphericaly-

symmetrical stable distribution (Uchaikin V.V., Zolotarev V.M. 1999, Chance and
stability, VSP. Netherlands, Utrecht.).
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Solution of superdiffusion of CRs
‘ e~ + e¢* component of CRs

N(rt, B) = ing_)p)\(E,Eo)_g/ag;(),a)(r)\(E,EO)—l/a).
Ey
/\(E7Eo)=/gg,§dE’. (5) T(E,EO):/
E
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Solution of superdiffusion of CRs

Nonrelativistic case

For rate of energy losses in the form B(E) = bE? GeV/s,
where b = 1.1- 1076 (GeV s)~! we find the solution

N(r,t,E) = SoEP(1 — btE)P2A(t, E)3/g{ (ex(t, E)™V/).  (7)
)\(t,E) = DO(OA)E(S:\(t,EL (8) ‘°s’:tE:mnae\'
— B =500 GeV
o 1—(1—btE)0 B =1000 GeV

It should be noted that in wide range of
parameters

At,E) = D(E,a)t (10) o

£, yr




Break in the spectrumof ¢~ + ¢

To analyze the energy dependence of the electron concentration, we write so-
lution (7) of the superdiffusion equation (2) in the form N = NoE~".
It follows from this representation that

EON

"= NBE

Taking into account the property of the stable law

a)
dgs (1) o
73dr = —27rrgé )(r), (11)
we find
2mr? gl (eA(t, B)"/%) 5—1

0—1
n=2p—2+ 3— =2p—2+——E. (12)
a a

ALY g ex(t, B)-1/)
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Break in the spectrumof ¢ + ¢
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The break points of the n and ¢ components

In the framework of the superdiffusion model of nonclassical CRs diffusion,
spectrum have a break. This break is due to the presence of a break in the

stable distribution géa) (r) at the value of the argument r ~ 2.2.

n component:

N(r,t, E) ~ g (r(D(E,a)t)"/%) = 1,(Do(a) ESt,) "1/ = 2.2
e component:

N(r,t,E) ~ g (PA(t, E))Y%) = ro(Do(a) ESA(te, Ee)) Y = 2.2
We assume that nuclei and electrons+positrons are accelerated by the same
type sources. Due to this assumption

Fn(Do(a) ESt,) ™Y = ro(Do(a) ESN(te, Ee)) M. (13)
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The break points of the n and ¢ components

It follows from the eq. (13) that

I (Egtn)_l/a = re(Egj‘(tea Ee))_l/a>

(En>5 tn
Ee) Ate, E.)

2 The estimates obtained within the framework of the proposed approach are
almost diffusion model independent.

M

or
1/a

=r.é. (14)

r, =Tre




The break points of the n» and ¢ components

Parameters

® Sources of nuclei and
electrons accelerate
particles during a time as |
equaltot, = t. ~ 10° yr.

e [/, =1PeV,E. =0.9 TeV. wooe
P 2.85 wel
« 1.7
Do(cr) | 1073 pct7/yr
5 0.27
i, yr
r, = 3.75r..
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Results and conclusions

e Since the rate of energy loss is B(E) = bE? GeV/s, the “lifetime” of the
CR electrons is described by the expression

t=FE/B(E)~3-108(E/1 GeV)lyr. (15)

e |t follows from this that the TeV-energy electrons observed on Earth were
produced by sources ~ 10° years ago.

e During this time, in the superdiffusion mode r2 ~ 2D(E, a)t3~?, diffusion
radius r ~ 200 pc.

® From the relationr,, = 3.75r. we obtain that
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The most likely candidates for pevatrons

Source r,pc | t,10° yr
Monoceros | 600 | 0.46
Cyg. Loop | 770 | 0.20

CTB 13 600 | 0.32
S 149 700 | 0.43
STB 72 700 | 0.32
CTB1 900 | 0.47
HB 21 800 | 0.23

HB 9 800 | 0.27




