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Abstract

Enegetic particle acceleratia at turbulert circularly polarized Alf vén waves is considerd using Monte
Carlo simulations We show that the scatteriig forward-backwad asymmety occurrirg for sud waves allows
for the first orde acceleratia effects to occu in the stochasti acceleratia process enablirg in favorable
conditiors for more effective acceleratia in comparisa to the linearly polarized Alf vén waves of the same
amplitude An analytc solution for a simple acceleratioa modé is also presentedThe presetwork is still in
progress.

1 Introduction

The acceleratia of chaged particles to superthermlaeneagies occuss in a numbe of astronomichobjects
harborirg a turbulert magnetizd plasnain the proces of stochasti Fermi acceleration Sud mechanisms
were considerede.q, for providing relaivistic electrors in extragalactt radiosourcs or for enggetic ionsdur-
ing impuldgve sola flares Ostowski & Siemieniec-Ozbto (1997 demonstrate tha the forward-backward
asymmety of particle scatteriig (as measurd in the scatterig cente red frame at randomy moving scat-
tering centes can lead to a first-orde regular acceleratio term in addition to the one resultirg from the
momentun diffusion A physicd exampk of sud asymmetic scattere provides a (finite amplitudg circu-
larly polarized Alf vén wave (Siemieniec-Ozbto et al. 1999) In the preseh pape we presem preliminary
resuls of Monte Carlo modelling of the particle acceleration/dfusion proces for protors interactirg with
finite amplituce circularly polarized Alf ven waves.

2 A simple analytic model

Let us presehasimple exampk of the proces of particle momentun diffusion in the presene of aregular
acceleration/decefation termp,.., =cong . For simplicity we conside constah momentun diffusion coef-
ficient D alsa The evolution of the particle pha spae is given by the kinetic equatiao for the distribution
function f(pt ) :
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The initial distribution is assumd to be f&,0) ! > d(p — po). We look for atime dependensolution of
Eq 2.1 inthefiniteinteva (po, pmax), ard the final resut is obtainel in the limit of pyax — oo . With
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wherea = pres /2D , we have to solve the equatio satisfie by g(p# ) :
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After applying the standadl separabiliy condition we look for the solution in the form
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The phase-space densitfp, t) can be expressed as an infinite sum of function®) with expansion coeffi-
cientsC,,. Each functiorv, (p) satisfies the equation below, corresponding to the appropriate eigenvalue
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The above has a form of the Soldifiger equation for the particle wave function in the Coulomb potential
and its solution can be expressed in terms of the Coulomb wave funkgiopp). From the two linearly
independent solutions we choose that which is regular=a0:
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where the eigenvaluest = \2/D — «? have to be calculated from boundary conditig,,4.,t) = 0 . It
translates for the Coulomb function &5 (%, anmm) = 0. The coefficients”,, are given by an orthogo-
nality condition for eigenfunction#y, i.e.
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Now, the final time dependent distribution reads as:
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3 Numerical modelling

Let us consider an infinite region of tenuous plasma with a uniform mean magnetic field along z-axis,
perturbed with propagating Alér waves. Test particles are injected at random positions into this medium and
their trajectories are followed by integration of the particle equations of motion. Due to the presence of waves,
particles move diffusively in space and momentum. In a chosen sequence of time instaaticle spatial
positions and momentum values are recorded. Based on the information collected for numerous particles
one derives the particle momentum distribution at any given time. In the present simulations we consider
propagation of relativistic protons with the same initial veloeity = 0.99c¢.

3.1 The wave field model In the case of high amplitude waves, there are no analytic models available
reproducing the turbulent field structure. Because of that, we consider a model of MHD turbulence represented
as a superposition of sinusoidal Adfiw'waves. In the simulations, for any individual particle a separate set

of wave field parameters is selected. As a result all averages taken over particles include also averaging over
multiple magnetic field realizations. In the model we take a superposition of planenAlfaves propagating

along the z-axis, in the positive (forward) and the negative (backward) direction. Two planar polarizations,
along thez andy axes, are considered. In the computations a discrete number of 144 sinusoidal waves, of
each polarization, is used. Related to the wave ‘i’ the magnetic field fluctuation i8tdris given in the

form:
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Figure 1: Histograms of generated particle momentum distributions for three considered turbulence models —
L L) - athin solid line, R L) - a thick solid line, and.I N - a dashed line. The results fof, = 0.1

are presented in left panels, fo = 0.05 in right panels, and fo§ B = 0.25 in upper panels, fo§ B = 0.6

in bottom panels. In the upper right corners of each panel the respective vakigs »f/p, are provided.

for left- or right-handed polarized waves, depending on the gigir —, respectively. The wave parameters

— the wave vectok, the wave amplitudé B, and the phas@ — are drawn in a random manner from the flat
power-law spectrum’ (k) oc k! for k € (kpmin = 0.08, ke = 8.0); @ wave vector is expressed in units of
the ‘resonance’ wave vector for an injected particle with momeniugyp,,, k., = 27 /ry(< B >,po) in the
mean magnetic fielsk B >=< /B2 + §B? >. The wave amplitudes are drawn in a random manner so as
to keep constant the model parameié&r.
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The dispersion relation for Al wavesw? = V3ik?, provides the respective parameter for any given
wave. The sign ol is defined by selecting the wave velocity at, randomly,+V 4, but it is subject to a
constraint that a number of waves moving in any direction is the same.

Simulations were performed for a set of Adiivwave turbulence models:
() Linearly polarized waves in the positive and the negative directiaiV).

(il) Right-handed polarized waves propagating in the positive and left-handed polarized waves propagating in
the negative directionR(+) L(-)).
(iii) Left-handed polarized waves propagating in the positive and the negative direEtibhi{~)).

In all cases the intensities of waves propagating in the positive and the negative direction were the same. All
these models were considered §d® = 0.25 or 0.6 andV4 = 0.05 or 0.1 . The large values for the Al&n
velocity were considered to speed up the acceleration process (and computations). The flat wave spectrum



allowed to keep scattering approximately the same within the considered particle energy range. Typically
1500 particles were used in an individual run.

4 Results and final remarks

In Fig. 1 particle momentum distributions for three magnetic turbulence modgéts)£(—), R(+) L.(-) and
LIN —are presented. In the upper right corner of each panel the respective vatugsof/p,, a ratio of the
average particles momenturd,p >, to the initial momentum are provided. In the figure we observe that the
acceleration rate depends on a turbulence model considered. The most effective acceleration, when in addition
to the diffusive acceleration a positive regular acceleration term arises (the particle distribution most shifted to
the right), is present for the turbulence mod&f) L.(-) Then the circular polarization is opposite for opposite
wave propagation directions and the scattering anisotropy leads to more effective head-on collisions. The
change of one polarization in the mod#l") L(~) into the opposite ones results in negative regular acceleration
term decreasing particle energy gains. Results obtained for these two situations are compared in Fig. 1 to the
ones atLI N model, where the regular term vanishes.

Possibility of acting regular acceleration processes in turbulent MHD media is of interest in all situations,
where the second order Fermi acceleration is considered to energize cosmic rays. With the small Alfv’
velocity such processes are usually inefficient and even small first order acceleration effects could substantially
modify the resulting particle spectra. In the present paper we consider a particular situation with a non-
symmetric MHD turbulence modifying the ordinary momentum diffusion acceleration. The importance of
such processes in real astrophysical situations is a matter of debate. However, one may note that in several
astrophysical processes, there may occur processes generating non-symmetric circular polarized waves. A
good example provide waves generated by the streaming instability processes in a cosmic ray precursor region
upstream of the shock wave.

The work was supported by ttmitet Badéd Naukowychhrough the grant PB 179/P03/96/11.

References

Ostrowski, M., Siemieniec-Oz#o, G., 1997, Astropart. Phys., 6, 271
Siemieniec-Ozibto G., Michatek G., Ostrowski M., 1999, Astropart. Phys., 10, 121



