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The results of analytical and numerical examinations of features dynamic of charged particles in a field of intensive
electromagnetic waves are reported. It is shown that the trajectories of particles, which has initially different phases
concerning of the homogeneous wave, essentially discriminate. As a result, the accelerated bunch breaks down.
Trajectories of particles in a field of an electromagnetic impulse differ from each other a little. This feature allows using
impulses for effective acceleration of clots of charged particles.

PACS: 41.75.Jv

1. INTRODUCTION

The motion of charged particles in a field of intensive
electromagnetic waves has a series of the important
features. These features allow to offer a series of new
schemes of charged particles acceleration and generating
of a short-wave radiation. It is important, that acceleration
and a generating can be carried out in vacuum. The
parameter of a wave force € =eE/mcw (parameter of
nonlinearity) will use for quantitative measure of
intensity. The conventional labels here are used. In the
present report features of a motion of particles are
investigated depending on a spatial arrangement of
particles. It is shown that in a field of the homogeneous
wave trajectories of particles strongly differ. It is shown
that the electromagnetic impulse can be used for effective
acceleration of particles in vacuum.

2. THE STATEMENT OF PROBLEM AND
THE BASIC EQUATIONS

The components of electrical and magnetic fields of
an electromagnetic impulse can be presented as
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where Y =wt—kr A, =04,); a:[ax,iay,az} -a

vector of polarization of a wave; k, =w/c; W, k -
frequency of filling and a wave vector of an impulse. We
shall use the following the dimensionless variable:

p, =p/mc, Kk =k/k, T=Wt 1 =kr,
A=eA,/mcw v, =V/c,

In these variable the equation of motion gains a view (the
coefficient "1" is fall down)
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The equation (2) have known integrals:
P —ky+Re( iA) =p, —ky, +Re( z'A) =const=C, (3)
where y=.1+p’> — the dimensionless energy of a

particle (measured in units mc?).

I Problems of Atomic Science and Technology. Series: Plasma Physics (11). 2005. Ne 2. P. 137-139

The equation (2) with taking into account integral (3)
completely integrable in a laboratory frame. The solution
looks like

Po * P’
2y
Let's consider that the wave is propagating along an
axis z,i.e. Kk=1{0,0,k} .
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3. DYNAMIC OF PARTICLES IN THE FIELD
OF THE PLANE-POLARIZED WAVE

At examination dynamic of a particle in a field of a
plane-polarized homogeneous plane wave (A =Ag ",

A, =const) it has been shown, that their dynamic
essentially depends from initial disposition of particles
concerning a phase of a wave. So, if particles originally
rested and were in phases 7T they only entrain by the
wave in a longitudinal direction. In a transverse direction
they oscillate. The mean transverse momentum of them is
equal to null. Such particles are displaced only in a
longitudinal direction. The particles, which were in other
phases, gain unequal to null mean transverse momentum.
Quantity of this medial impulse and its direction depend
from initial phases of particles concerning a wave. This
particles scatter in different directions. Presence such
scattering destroys structure of a bunch. Therefore, such
scheme of charged particles acceleration is ineffective. In
Figures 1 and 2 results of calculations of impulses and
displacement of particles presented accordingly at a
various initial arrangement concerning a phase of a wave
(1T V4, V2, 3104, ).

Fig. 1. Impulses of particles at Ay =1 a) cross, b) a
longitudinal impulse
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Fig. 2. Entrainment of particles at A, =1
a) longitudinal, b) a transverse direction

The scattering is considerably smaller for particles
that initially have large longitudinal impulse. Such
particles equally entrain in a longitudinal direction
without dependence from their initially arrangement on
phases of a wave. But in transverse direction this particles
still scattered, however in much smaller degree. Results
of calculations of particles displacement as function their
initial standing concerning a phase of a wave (Tt /4, T2,
314, 1T and their initial longitudinal impulse are
presented in Figure 3.
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Fig.3. Entrainment of particles at P.y =5 and

A, =1 g) longitudinal, b) a transverse direction

4. DYNAMIC OF PARTICLES IN THE FIELD
OF THE WAVE WITH CIRCULAR
POLARIZATION

In a field of a wave with circular (elliptic) polarization
the basic features of a motion of particles are similar to
features of motions in a field with the linear polarization.

Main distinctive feature dynamic of particles in a field
of a wave with circular polarization is immunity of a
longitudinal impulse of a particle from its initial phase. In
Figure 4 it is visible, that quantities of longitudinal
impulses of all particles completely coincide.
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Fig. 4. Longitudinal impulse of particles

From the equations (4) it is possible to receive
expression motions of particles featuring these important
feature.
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P, =2E [1-cos(y - y,)| (5)
From this expression it is visible, that quantity of a
longitudinal impulse is equal to all particles and does not
depend on a initial arrangement of particles on phases.

Really, because initial value of ¥ is Y,, the P, for all

particles coincide. The trajectories of particles in impulse
space have form of spirals (look Fig. 5).

Fig. 5. Trajectory of particles in space of impulses

5. DYNAMIC OF PARTICLES IN THE FIELD
OF THE HIGH-FREQUENCY IMPULSE

It has been investigated dynamic of particles in a field
of an impulse A =A,exp E“ﬁ(l// — ) +iy % Main

feature dynamic is that fact that this of dynamic
practically does not depend on a initial arrangement of
particles in space. Their trajectories are similar. All of
them entrain in a longitudinal direction and oscillate in
cross, and this entrainment happens on a spiral trajectory
(look Fig. 7). Interesting significant feature of a motion of
particles in a field of the high-frequency impulse having
circular polarization, is that fact that the longitudinal
impulse reproduces the shape enveloping an impulse.
Such features of dynamic of particles in an impulse allow
using it for effective acceleration of charged particles.
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Fig.7. Entrainment of particles in longitudinal
direction

Time dependence of an impulse and the coordinates of
a particle found at the numerical solution of the equation
(2) for case of circular polarization of a field of an



impulse are represented in Fig.8. The solution is obtained
for particles, which initially were in rest at 4, =1,
B=0.01 ¢, =50,
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Fig.8. Impulses of particles
a) cross, b) a longitudinal impulse

As an example of high efficiency of charged particles
acceleration we shall consider bunch, which have initially

energy ¥, =10. Let on such clot acts the impulse with

In the second case - the beginning of interaction
corresponds to the peak value of pulse amplitude. It
means, that quantity ¥, is equal to null. Dependence of a
longitudinal impulse on time for this case presented in
Figure 9b. As a result of interaction of particles with a
field of such impulse they were accelerated to large
energies (¥ =350). This acceleration happens at a
distance ~ 0.8cm.. To a regret, in this case there are
some particles that are scattered in a transverse direction.
So at A=10" the cross size of bunch will have
transversal size Ax =300 cm. It is necessary to note,
that maximal quantity of a longitudinal impulse in this

case can be estimated by formula: V. = VO(1+4D42) ,

which coincides with the formula obtained in [2] for a
case of a homogeneous field.
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amplitude Ay =3 . In this case it is useful to investigate p
two different cases. 2

In the first case we shall consider, that initially the
impulse is far enough from charged particles. In this case
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the field strength of the impulse in the place where are a b

bunch is slowly builds up. This case corresponds to a  Fig 9. Dependence of a longitudinal impulse on time a)
large value Y, . In particular, at ¥, =50 dependence of a W, =50.5) ¢, =0

longitudinal impulse on time it presented in Figure 9a.
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OCOBEHHOCTH ABAKEHUS 3APS)KEHHBIX YACTHL B IIOJIE BBICOKOYACTOTHOI'O
NUMITYJIbCA BOJIBIIOU HATIPSIAKKEHHOCTH

B.A. byu, B.B. Ky3smun

WznoxkeHsl pe3ynbTaThl aHAIMTHYECKOTO M YHCIEHHOTO HWCCJIEJOBAaHWH OCOOEHHOCTEH IMHAMUKH 3apsDKEHHBIX
YacTUI[ B MOJE MHTEHCUBHBIX AJIEKTPOMArHUTHBIX BONH. [loka3aHO, UTO B MOJI€ OAHOPOJHOHW BOJHBI TPAEKTOPUU
YacTHILl, HAaXOMSIIMXCS B pa3HbIX (hazax BOJHBI, CYIIECTBEHHO pa3iM4YalOTCsA. Y CKOpSIEMbIH CTyCTOK MpPU 3TOM
pasBanuBaeTca. TpaeKTOpUU YaCTHIl B IOJI€ 3JIEKTPOMArHUTHOTO UMITyJIbCa Majio OTJIHYAIOTCSA IPYyr OT Apyra. JT1a
0COOCHHOCTB MO3BOJISIET UCIIOIB30BATh UMITYJIbCHI IJ1s 3()(EKTUBHOTO YCKOPEHHS CTyCTKOB 3apsKEHHBIX YaCTHII.

OCOBJIMBOCTI PYXY 3APAJXKEHNX YACTOK Y IOJII BUCOKOYACTOTHOTI'O IMIIYJIBCY
BEJIMKOI HAIIPYKEHOCTI

B.O. byu, B.B. Ky3omin

BukianeHo pe3ysbTaTé aHaITHYHOTO Ta YHCEIBHOTO JOCIIIKEHb 0COOIMBOCTEH IMHAMIKN 3apsPKEHUX YaCTOK y
MOJIi IHTCHCHBHUX €JICKTPOMArHITHHUX XBWIb. [l0Ka3aHO, IO B MOJIi OJHOPIMHOI XBHJII TPAaEKTOPii YaCTOK, IO
3HAXOAITHCA B Pi3HHX (ha3aX XBUIIL, ICTOTHO PO3PI3HSIOTHECA. 3TYCTOK, IO MPUCKOPIOETHCS, TIPHA IIBOMY PO3BATIOETHCS.
TpaexTopii 9acTOK y MOJI EJIEKTPOMArHITHOTO iMITyJlbCy Majlo BiAPI3HAIOTHCS OOUH Bif omHOro. Ll ocoOmuBiCTH
JI03BOJISIE BUKOPUCTOBYBATH IMITYJILCH JJIsl €)EKTUBHOTO MPUCKOPEHHSI 3TYCTKIB 3apsDKEHUX YaCTOK.
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