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Abstract: Acceleration of charged particles in stochastic electric fields is considered. The fractional
symmetric Fokker-Planck equation is derived by method is introduced in [1] based on the Langevin
equations and with an assumption that the fluctuations of electric fields are subordinated by the Levy
stable laws. Asymptotic solution of non-friction spatial homogeneous equation of an ensemble of
charge particles in the case of a non-Brownian motion has a power law dependence rather than Max-
wellian-type one. The concerned stochastic process is discussed in the frame of acceleration of solar
cosmic rays in flares or in term of post-eruptive acceleration. Possible application of Levy statistic
for turbulent electromagnetic field in active solar atmosphere is discussed briefly.

Introduction

Charged particles can be readily accelerated to
relativistic energy during some special processes
of solar magnetic fields restructure. There’re
several possible acceleration mechanisms against
different types of solar and particle events which
in turn depend on modes of magnetic energy
release. One class of charged particles accelera-
tion processes is an energy gain via stochastic
propagation through a region of multiple mag-
netic discontinuities induced by motion of mag-
netic field lines in solar atmosphere. Such particle
transport essentially results in second-order sto-
chastic Fermi-type acceleration. In several papers
[2,3,4,5,6] particle acceleration was really shown
by computer simulation of their trajectory in man-
made turbulent electromagnetic fields and in near
real coronal fields stressed by photospheric mo-
tion [7]. Similar result was obtained in model
with fractal distribution of bulb-like current-
sheets [8].

It was shown [6] that existing large current sheet
can be destroyed into smaller filaments under
magnetic fluctuations during several tens of sec-
onds. Filament structure has fractal dimension
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depending on dissipation time. Also it was shown
that resistive part of electric field which is impor-
tant for particle acceleration has power-law mag-
nitude distribution function. But in simulation
electrons are accelerated to MeV energies and
simultaneously collect a half of stored magnetic
energy during small fraction of second and can
not fill process of current dissipation in real time.
Formation of highly fragmented electric fields
also noted in [7].

To provide conditions for Petscheck-type recon-
nections in solar flares it is necessary to have
anomalous resistivity that in turn demands current
sheet thickness on the order of ion Larmor radius.
Such small thickness can be achieved in the case
of fractal current sheet [9].

Spatial intermittencies, especially small scale, are
very crucial for charged particles acceleration in
current sheets. It was shown [5] that longitudinal
electric field fluctuations in coronal loops are
inversely as fluctuations length. If distribution of
character lengths of clusters from which fractal
current sheet consists submitted to a power law
and if charged particle rushes through all clusters
of reasonable size for time small compared to
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time of considerable energy change we can expect
that we will deal with a Levy statistic of particles
energy gain in contrast to Gaussian one. If it is so
we must use mathematical instruments of frac-
tional kinetic for analytic description of charged
particles motion in stochastic electromagnetic
fields, though we can’t do without numerical
simulation for detailed study of charged particles
motion in turbulent electromagnetic fields with
specified geometry in solar atmosphere.

Fractional Fokker-Planck kinetic equ-
ation

We use method [1] for derivation of fractional
Fokker-Plank equation for probability density
function (PDF) f(x,v,f) of charged particles
based on Langevin equations [10] in 1D case

dx
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which contain for simplicity only fluctuation
force component and friction term with friction
coefficient 7] . For the theory of Brownian motion
to be valid [10] significant changes of particle
energy must occur on time scale 7 much longer
than time scale of force fluctuations T >> ¢ . It is
true for current sheets during fractal reconnection.
Let assume generated electric field is
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where v, - Alfven speed, m, - proton mass, 7 -

~10*B*n "[Volt /m],

plasma  density, and for coronal loop
n=10"[kg/m’], B~107[Tesla] - cor-
onal magnetic field. Scale of energy gain in one
element of current sheet is A& = eEr, , where
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ture. Thereby A€ ~107[el/]. But thermal

energy of proton is about 100 eV in coronal tem-
perature. We can see that thermal proton has to
undergo a lot of interaction with current sheet
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element to gain considerable energy. Such multi-
ple interactions can be treated as force fluctua-
tions. Of course, this remains valid for relativistic
particles because they collide with filaments of
current sheet more frequently.

For T >>t we replace equations (1) by

Ax =vT

; 2
Av=F(T)-vnt

+7

where F(7)= J‘E)(f YAE - some stochastic
t

process. In the case of power law type force field
fluctuations effecting on moving particle we can

use Levy stable processes L(?) instead of Brow-
nian ones for which PDF is

1
JamDg

Using characteristic function for symmetric stable
law

W, (k,7) = exp(-D, |k 7)

with characteristic Levy index (O<a<?2),
equations (2), appropriate integral equation for
PDF of the Markovian stochastic process in phase
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W(F(r)) = AD.1

space and assumed that T — 0 we can finally
obtain fractional Fokker-Planck equation (FFPE)
(1]
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Asymptotic solution of spatial homo-
geneous FFPE with zero friction term

In the case of spatial homogeneity and with an
assumption of absence of particle friction we can
rewrite (3) as
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Equation (4) in Fourier domain has the form
of « -
& —DIk[" f, 5)
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which has an analytical solution in terms of Fox’s
H-functions [11]. Asymptotlc solution for initial

conditions the form
f(,0)= 5(\/) f(k 0)=1 has a form
(6)
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for |V|a /(Dt) >>1 or for kinetic energy K in

non-relativistic case
1+o

Dtm 2
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We can see that <v2 (¢ )> —> oo but in real situa-

f(K, 1)~ ©)

tion there are lower and upper limits of particle
speed modulus, which are zero and light speed
corresponding. Power law type asymptotic of
particle PDF leads to Levy flights and superdiffu-
sion in velocity space.

It should be noted that we considered only sim-
plest case of particle motion in fluctuating field in
the frame of FFPE. Author just steals up on this
interesting and powerful mathematical apparatus.
For detailed analytical investigation of charged
particles transport in electromagnetic fields with
fluctuations by solving initial-boundary problem
of appropriate FFPE we have to know fields ge-
ometry, spatial boundary conditions, seed particle
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distributions, fluctuations properties. Under real
conditions of solar flaring active regions, we have
to solve non-stationary spatial-impulsive coupled
FFPE.

Post-eruptive acceleration in dissipat-
ing current sheets

During and after eruption of coronal mass ejec-
tion magnetic fields of solar atmosphere are very
disturbed and can make appropriate conditions for
charged particles acceleration. There are some
evidences that such acceleration occurs [12] and
produced solar cosmic rays contributes to inter-
planetary flux [13]. Charge particle can be accel-
erated to relativistic energy in reconnection cur-
rent sheets [14]. But they dissipate quickly and
form very discontinuous medium which can acts
as fluctuating force on moving charged particle.
Such force can effective accelerate it.

For example during solar energetic event of 20
January, 2005 there were two populations of cos-
mic rays injected into interplanetary medium. The
former had an exponential energy spectrum and
the latter had power law one [15]. We can inden-
tify the latter populations with acceleration by
bow shock of coronal mass ejection but also with
post-eruptive acceleration in turbulent coronal
fields. Such acceleration mechanism also can give
power law spectrum.

Conclusion

We fluently touched on non-Gaussian statistic
concerning charged particle acceleration in turbu-
lent solar electromagnetic fields and considered
one simple case of fractional Fokker-Planck equa-
tions in impulsive space and their stationary solu-
tion. We did not consider more or less real field
turbulence in this work. We just attempted to
realize that classical Gaussian statistic and there-
fore classical Fokker-Planck equation can be
found inappropriate to solar corona turbulence.
One possible mechanism of particles energization
whose description might need fractional kinetic
apparatus is a post-eruptive particle acceleration
in disturbed coronal magnetic fields.
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