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Interaction of charged particles with fields of random waves brings about known effects of stochastic
acceleration and heating. Jumps of wave phases can increase the intensity of these processes substantially.
Numerical simulation of particle heating and acceleration by waves with regular phases, waves with jumping phase
and stochastic electric field impulses is performed. Comparison of the results shows that to some extent an impact of
phase jumps is similar to the action of separate field impulses. Jumps of phase not only increase the intensity of

resonant particle heating but involves in this process non-resonant particles from a wide range of initial velocities.

PACS: 52.65.Cc

INTRODUCTION

As known, particles are heating up in collisions with
a field of random waves. Jumps of wave phases can
substantially increase the intensity of heating. Waves
with jumping phases can also penetrate in overdense
plasma, and initiate a new type of discharge [1, 2] which
can be interesting for applications. Various regimes of
particle heating by waves with jumping phases were
considered earlier [2, 3]. Quasilinear theory for a field
with exponentially decaying correlation function due to
wave phase jumps was proposed in the early paper [4].

Here we analyze a contribution of wave phase jumps
to heating intensity numerically. Decomposition of the
waves with stochastically jumping phase on waves with
regular phases and stochastic impulses is carried out and
contribution of both components to heating process is
found. Such decomposition is not exactly defined in
numerical simulation as far as particle heating intensity
depends on duration of field impulses; however it
establishes correspondence between impulses and phase
jumps.

Evolution of mean square velocity and velocity
dispersion of resonant and non-resonant groups of
particles is calculated from numerical simulation. The
processes of particle heating by waves with regular
phases as well as waves with jumping phase and
stochastic electric field impulses are compared. It is
shown that main contribution to particle heating gives
jumps of phase which to some extent act similarly to
separate impulses of electric field.

1. MODEL

We consider particles diffusion in velocity space in
the external random electric field that is a superposition
of 10 waves
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with a fixed frequency » and wave numbers around a
central value k,. A total intensity of the field is
distributed between partial waves as
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The parameters of a spectrum are dimensionless
amplitude of potential &= (e/m) (ko/w)? 9o = 0.01 and
spectrum width d = (A k/ky) = 0.04 where e and m are
charge and mass of a particle. Set of random phases «;
remains constant within each realization of a field,
while a common phase £(t) jumps in a course of particle
motion. It may jump on arbitrary value with a frequency
f (normalized to inverse wave period) with probability
of phase jump pr.

To consider particle heating in absence of phase
jumps we take pr=0. It is compared with two cases of
waves with phase jumps which may occur once or twice
during a wave period (f=1, or 2) with probability
pr =0.2, or 0.1 respectively.

To identify the net effect of phase jumps the particle
heating by separate field impulses is also considered. In
numerical model we put electric field equal zero almost
everywhere except for time steps in which jumps of the
phase A(t) would occur. For f =2, p=0.1 impulses are
half as long as for f=1, pr=0.2 but their averaged
number per unit time is the same.

2. RESULTS

Results of numerical simulation of particle
acceleration and diffusion in velocity space undergoing
the external random electric field (1) with jumps of
phase B (t), as well as without jumps of phase, B(t) =0;
and in a field of separate impulses, which arise at the
same moments of time as jump of phases occur, are
given in this section. Time is normalized to 2n/® and
length to 2n/ky. Three types of fields are shown in
Figs. 1a, 2a, 3a, and corresponding velocities of two
individual particles are given in Figs. 1b, 2b, 3b.
Despite the fields of waves with and without phase
jumps shown in Figs. 2a and 3a look rather similar,
motion of particles that were initially in resonance with
waves are different. A resonant particle in waves
without phase jumps all time remains in a resonance
region of velocity space (see Fig. 3b) whereas it may
wander at a large extension in velocity space in waves
with phase jumps (see Fig. 2b).
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Fig. 1a. Separate impulses of electric fields that
corresponds jumps of wave phase
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Fig. 2a. Field of 10 waves with jumps of phase
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Fig. 3a. Field of 10 waves, no jump of phase

Thus jumps of phase introduce the effect of a noise with
a wide spectrum.

In Figs. 4-7 the results of statistical averaging of
particle trajectories in velocity space found in numerical
simulation for various realization of field (1) are given.
Evolution of particle velocity dispersion (left) and mean
velocity (right) reflects the effects of stochastic heating
and acceleration.

Heating of the resonant group of particles with
dimensionless initial velocities Vo=1 is given in
Fig. 4a. The intensity of heating is considerably higher
in waves with jump of phases. The velocity dispersion
still continues to grow when heating by field impulses
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Fig. 1b. Velocity of two particles undergoing
impulses of electric fields
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Fig. 2b. Velocity of two resonant particles
in waves with jumps of phase
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Fig. 3b. Velocity of two resonant particles
in waves without jumps of phase
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already reaches saturation.

More interesting is a strong interaction between non-
resonant particles and waves with jumps of phase
(Figs. 5, 6), which are heating even faster than resonant
ones (see Figs. 5a, 6a). Indeed, the impact of phase
jumps on particle heating is most pronounced for non-
resonant particles as far as their interaction with waves
in absence of phase jumps is negligible. Along with
heating, waves with jumping phase accelerate or
decelerate particles (see Figs. 5b, 6b) until their
velocities approach the interval of wave phase
velocities.
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Fig. 4a. Velocity dispersion, Vo=1, Vpp=L1.
Waves with jumps of phase — JW, field of separate
impulses — J, waves without jumps of phase — W
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Fig. 5a. Velocity dispersion, V=0, Vph=1
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Fig. 6a. Velocity dispersion, V=1, Vph=0
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Fig. 7a. Velocity dispersion, V=0, Vpnh=1,
the same initial condition as in Fig. 5a,
but impulses are twice shorter
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Fig. 4b. Mean velocities of resonant particles,
Vo=1, Vph=1
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Fig. 5b. Particle acceleration in waves, V=0, Vph=1
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Fig. 6b. Particle deceleration in waves, V=1, Vph=0
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Fig. 7b. Particle acceleration in waves, V=0, Vpn=1,
the same initial condition as in Fig. 5b,
but impulses are twice shorter
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Figs. 4-7 indicate the correspondence between
particle heating by separate impulses of electric field
and waves with jumping phase when impulses and
phase jumps occur with equal frequencies defined by
the product fxpr=0.2. Along with this heating by
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Numerical simulation of particle heating and
acceleration by waves with regular phases, waves with
jumping phase and stochastic electric field impulses was
performed. Comparison of the results shows some
similarity between an impact of wave phase jumps and
the action of separate field impulses.

Jumps of wave phase not only significantly increase
the intensity of resonant particle heating but involves in
this process non-resonant particles from a wide range of
initial velocities. Thus a number of particles directly
heated by waves can be considerably increased.
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BJUSHUE CKAYKOB ®A35I BOJTH HA CTOXACTHYECKHWI HATPEB
B.U. 3acenxo, A.I. 3azopoonuii, A.H. Yepuax

B3anmopeiicTBue 3apsHKEHHBIX YacTHI[ C MOJSMH CIy4YalHBIX BOJIH THPUBOAMUT K M3BECTHBIM 3(dekram
CTOXaCTUYECKOro yCcKopeHusi u HarpeBa. Ckayku (a3 BOJIH MOTYT CYIIECTBEHHO YBEJIMYUTh WHTEHCHBHOCTH ATHX
IIPOLIECCOB. BBINMOIHEHO YHMCIEHHOE MOJEIUPOBAHME ITPOLECCOB HATPEeBa M YCKOPEHHMsS YacCTHI[ BOJIHAMHU C
peryaspHbIMH (a3aMH, BOJHAMH CO CKadkaMH (a3pl MU CIyYailHBIMM HMITYJIbCAMH 3JIEKTPHUECKOTO IIOJIS.
CpaBHeHHe pe3yJIbTaToOB MOKa3bIBAET, YTO BIMSHHUE CKaYKOB ()a3bl BOJH Ha HArPEB YaCTHUI] B 3HAYUTENBLHON CTEIIEHH
MO0JTOOHO JEHCTBHIO OTJACIBHBIX UMITYJIbCOB Moiisd. Ckauku (a3pl BOJH HE TOJIBKO YBEJIMYHMBAIOT WHTEHCHUBHOCTD
HarpeBa PE30HAHCHBIX YaCTHUL, HO U BOBJEKAIOT B OTOT IIPOLECC HEPE30HAHCHBIE YaCTULBI B IIMPOKOM IUAIa30HE
Ha4albHBIX CKOPOCTEH.

BIIVIMB CTPUBKIB ®A31 XBUJIb HA CTOXACTUYHE HATPIBAHHS
B.I. 3acenko, A.I. 3azopoonii, O.M. Yepnak

B3aemopist 3apsi/DKeHHX YaCTUHOK 3 MOJSIMU BUIIQJAKOBUX XBHJIb CIPUYMHSE BiZJOMi €(pEKTH CTOXaCTUYHOTO
NpUCKOpeHHs Ta HarpiBaHHs. CTpuOku (a3 XBWIb MOXYTh CYTTEBO 30UIBIIMTH IHTEHCHUBHICTH LUX IPOIECIB.
BurKOHaHO 4YKCIIOBE MOJIEIIOBAHHS MPOLECIB HArpiBaHHs Ta NPUCKOPEHHS YAaCTHHOK XBUIISIMH 3 PETySIPHUMHU
(azamu, XBWISIMH 31 cTprOKaMH (a3u Ta BUIAJKOBUMH IMITyJIbCAMHU €JIeKTpHIHOTO 1moJisl. [IopiBHSIHHS pe3ynbTaTiB
MOKa3ye, MO BIUIMB CTPUOKIB (ha3w XBHJIb HA HATrpiBaHHS YACTHHOK 3HAYHOKO MIPOIO € TIOMIOHMM JI0 Mii OKpeMHuX
iMmyssciB nosst. CtpuOku a3y XBUIIb HE TIIBKH 30UIbIIYIOTh IHTEHCHBHICTh HAarpiBaHHS PE30HAHCHUX YaCTHHOK,
aje ¥ 3aJIy4aroTh JI0 [[bOTO MPOIEeCY HEPE30HAHCHI YaCTUHKH B IIMPOKOMY Jlialla30Hi HOYAaTKOBUX IIBUAKOCTEH.
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