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Some results of study of the charged particles that are moving in a field of intensive electromagnetic waves are
represented. The integrals are investigated and some schemes of laser acceleration are considered. It was revealed that
the most effective scheme of acceleration is the scheme, in which the laser pulse with circular polarization is used. Is
shown that the forces of radiating friction can promote transferring of energy from a laser field to particles. Besides is
shown, that for laser acceleration the force of radiating friction are considerably less essential, than in cyclic

accelerators.
PACS: 41.75.)v

1. INTRODUCTION

We shall understand fields with critical intensity the
fields, at which there are qualitatively change of interaction
dynamics of particles and fields. In this section we shall
consider dynamics of particles in intensive electromagnetic
fields. The measure of intensity will be served a parameter
of a wave force € =eE/mcw. The condition € >1 means
that E>10°V/cm for A=10cmand E>10"V/em for
A =10"cm . In such fields the charged particles get velocity
close to velocity of light during time about one period of a
wave. The long synchronism is not necessity for an
effective exchange of energy between particles and fields In
these conditions. It means, that the resonant conditions of
particles and fields interaction cease to play a significant
role in interaction. The analytical solving of a task about
movement of particles thus encounters significant
difficulties, because there is no usual small parameter
& <<1.However in many cases it is possible to receive the
significant information on dynamics of particles, using
integrals of movement. Besides, in some enough simple
cases, it is possible to receive the analytical solutions. Such
cases are key for understanding of interaction of intensive
fields with particles. Below we shall consider such
opportunities.

2. FORMULATION OF A TASK

Let's consider the charged particle, which goes in an
external constant magnetic field fjand in a field of an
electromagnetic wave with any polarization. The vector
FIO is directed along an axisZ. Let wave have the
following components
¢=ReE exp(il_é F—iwt);

E ”{Eo(ax, i, az)}

b

H=Re%[7€f€]exp(z’7€?—iwt)

where G ° [ch, iay, OCZ] - vector of polarization.

If time measure in @', velocity in C, magnitude of a
wave vectork in @w/c, a pulse in MCand to enter
dimensionless amplitude of a field &, =ek,/mcw than

one can transform the equations of motion in a kind:
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P:g—k—p[Re(e@““)+&[ﬁé]+5Re(pus)e'w; (1)
0o Yo y y

where T=ar, é=H/H,; w, =eH,/mcw, Y =kF —T.

From the equation (1), it is possible to find following
integral of movement

p—Re(ig ") +w,|7e] ~ky = const 2)
The movement of a particle can occur only on the
following surface
2_ 24 20
y=ptp.+
3)
The surface (3) represents hyperboloid of rotation. The

hyperboloid surface (3) is represented in a fig. 1 and 2.
The analysis of integrals. If (

kx=ky =0, 11k, =0), longitudinal component of
integral assume the form:

P~ kz=pH’0—kz 7o=C =const
“)
In figure 1 the characteristic kind of hyperboloid section
y: =1+ ps+p} by planes of integrals (4) is represented
at interaction of a particle with slow waves (4. >1). In
figure 2 - for a case k. <I.
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Fig. 1 Fig.2
The important physical conclusions can be made from
these two figures. In particular, it is visible, that at

interaction of a particle with a fast wave ( kz <1 ) the

energy of a particle is not restricted by integrals and can
reach any value. It is namely that case, at which it is
potentially possible unlimited acceleration, and possible
great transformation of energy from particles to the
wave. Using integrals (2) it is possible also to find out
many important features of movement of particles. In
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particular, it is possible to find conditions, at which the
particles completely pass all their energy to a wave.

3. ACCELERATION OF THE CHARGED
PARTICLES IN VACUUM

If the external magnetic field is absent, the equations of
movement (1) can be solved [1]. Lets charged particles
move in vacuum and are in a field of a flat electromagnetic
wave of the large intensity. Such particles carry along a
direction of this wave propagation. Let's note the most
important features of such entrainment [1]. If the particle
originally were in rest, average velocity of a particle in a

direction of wave propagation is close to v =c[&”/ ( 4+¢ 2)
. As the result of this entrainment varies also period of a
wave, which is "perceived" by a particle: T =T, [Ql +e?/ 4)

The longitudinal pulse periodically varies, but the average
size. of this pulse is not equal to zero:

p. =& (1-cos2)/2, Y =T~z _ If the particle had the
large enough initial energy, than the dynamics can
qualitatively change. So, the period of a wave concerning a
particle becomes equal 7 =7, [y’ +y’#*/2) The
increase of the period in this case is caused by two factors.
The first factor is caused by usual effect Doppler. Second
addend is caused by nonlinear dynamics of a particle in a
field of an intensive electromagnetic wave. The maximal
size of a longitudinal pulse in this case also essentially

grows: p, =p.,+€ ¥/2  The

boundaries Y, J ¥ J Vo(1+4E2) . Such dynamics of

particles allows to offer the various simple schemes of
high-frequency acceleration of particles and new schemes
of excitation of short-wave radiation (see, [1-3]). However
at such schemes of acceleration the accelerated particles run
away in a cross direction. For illustration of such scattering
in figure 3 is represented dependence of a cross deviation of
particles (£, =5and & =1) from their initial arrangement
concerning a phase of a wave. The presence scattering
makes this scheme of acceleration not very interesting. The
situation essentially varies at acceleration of particles by a
field of a high-frequency pulse
E=&exp By -w,) +iyH
polarization. In a field of such pulse all particles have
coincide trajectories. It is interesting, that the longitudinal
impulse of particles repeats the form of a pulse envelope.
In figure 4 the dependence of a longitudinal impulse of
particles on time is submitted.

Initially particles were in regular intervals located
concerning a phase of a high-frequency wave. It is visible,
that the trajectories of all particles completely coincide.
Such feature of dynamics of particles in a pulse allows to
use it for effective acceleration. Especially for acceleration
of particles having the large initial velocity.

4. INFLUENCE OF FRICTION AT LASER
ACCELERATION

At interaction electrons with intensive laser field there is a
radiation arising. This radiation, as well as the radiation in
cyclic accelerators, can limit energy, which particles can

energy changes in

having circular
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acquire. In work [3], examining acceleration of
electrons by a field of laser radiation, the authors have
equated force of radiating friction to accelerating forces
(forces of high-frequency pressure). In result they have
found, that in a field of laser radiation the electrons can
not get energy large, than 200 MaB (A ~ 1uk). 1t is
necessary to notice that, as force of high-frequency
pressure and force of radiating friction both are
proportional £, this result does not depend on intensity
of a field of laser radiation. In this sense he is universal.

Fig.3 Fig4

In the present section we shall show, that the forces of
friction, including forces of radiating friction, can
promote transfers of energy from an external laser field
to accelerating particles. Besides will be shown that the
restriction on the maximal size of energy in 200 MeV,
which can get particles in a field of laser radiation,
generally is absent. Let particle move in a field of a
homogeneous flat electromagnetic wave, which is
propagates in vacuum along an axis z and has only two
components: £.., . The equation of the charged
particle movement with taking into account the force of
friction looks like:
P =i+ GORF, )
This equation differs from investigated in [1] only by
presence of force of friction. If this force is absent, the
variable I =) —p_=constis integral of the equation

(5). If the force of friction is present, the size [ already
ceases to be integral. Let's consider that the force of

friction can be presented as F, =—{p/y, here

H=const  Then for definition / from (5) it is possible
to receive the following equation:

ﬂ:—y£+£ 6
A (©)

The general solution of the equation (6) is possible to
write down as:

I =exp(-) q% lexp(+) T | (7
= i

(o] O X0 30 3

Fig.5



where  exp(¥) =exp(+{[dT/y). Thus, the size of integral

I tend to size 1/Y. The characteristic time in inverse
proportion to parameter{. From formula (5) is possible to
estimate and maximal size of a longitudinal pulse, which
the particle can achieve: p_ ~ £/ . Let's consider now

force of high-frequency friction.. We shall be limited to a
case of relativistic movement (€ 21). In our case we have

only two components of an electromagnetic field (£, )

. Taking into account, that E =H y, and also, that the

four-vector of wvelocity in our designations looks like
u* =(y,ﬁ), u, =(y,—p), the force of radiating
friction can be presented by the following expression.

Fo=-222 0 zoslw)

Where «frequency» Q, =3mc’/2e’ =1,810% cex.

It is easy to see that in this case the size of integral is
decreases, though not so fast as in the previous case. The
point / =1/ is a stable stationary point. In a fig. 5 the
dependence of a longitudinal pulse on time is submitted at
presence of force of friction (£ =5, 4 =5007). In a fig. 6
the dependence of a longitudinal pulse on time is submitted
at the following values of parameters:
=5 u=5007, p,,=20. From this figure it is

visible, that the energy of a particle already large than 200
MeV. Let's compare laser acceleration to acceleration in the
cyclic accelerator. The expression for capacity of radiation

in the accelerator can be presented as:
W=20cK*y*'/3 ,

where K - curvature of an orbit. In case of laser
acceleration K grows proportionally to square energy (
K ~1/y*). Therefore capacity of radiation does not

vary with growth of energy and problem connected to
growth of radiating losses, does not arise.
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OCOBEHHOCTH JTUHAMUKHA YACTHUIL U TTOJIEM ITPU KPUTUUYECKUX HAITPSI)KEHHOCTSIX
SJIEKTPOMATHUTHBIX BOJIH (HACTD 1)

B.A. Byy

M310xeHbl HEKOTOPBLIC PpEe3YyJbTaTbl H3IYUYCHUSA JUHAMUKHU 3apsHOKCHHBIX 4YacTULl B T0JIE€ HWHTCHCHUBHBIX
9JIEKTPOMArHUTHBIX BOJH. MccieoBaHbl UHTErpallbl M pacCMOTPEHBI HEKOTOPHIE CXEMBI JIA3€PHOTO YCKOPEHHUSI.
[TokazaHo, uro Hambonee F3PPEKTUBHOIN CXeMOI YCKOPEHHs SIBIISIETCS CXeMa, B KOTOPOIl MCIIONB3yeTCs JTa3epHBII
UMIIyJbC C KpyroBod mnoispusammeid. IlokasaHo, 4TO CHMIBI PagHallMOHHOTO TPEHUS MOTYT CIIOCOOCTBOBATH
repegade SHEPTHH OT JIA3ePHOTO IMOJIsl K JacTunaM. KpoMe Toro, mokazaHO, 4TO IS JIA3EPHOTO YCKOPCHHUS CHUTBI
PpaAMaMOHHOTO TPEHHSI 3HAYUTENEHO MEHEe CYIIECTBEHHBI, YeM B MUKIMYECKIX YCKOPUTEISAX.

OCOBJINBOCTI AMHAMIKHA YACTOK I IOJIIB TP KPUTHYHHUX HAITPY KEHOCTAX
EJIEKTPOMAT'HITHUX XBHJIb (YACTHHA I)

B.O. byy

BurxiaieHo neski pe3ysbTaTH BUBYCHHS AWHAMIKH 3apsKCHHX YAaCTOK y IOJI IHTEHCUBHUX €JICKTPOMArHiTHHX
XBWIb. JIOCHIIKEHO IHTETpaimy i pO3TIAHYTO HEsAKi CXEeMH Ja3epHOro MpHCKOpeHHs. [lokazaHo, mo HaWOiLTbII
e(eKTUBHOIO CXEMOIO IIPHCKOPEHHS € CXeMa, Yy SKii BHKOPHUCTOBYETBHCS JIA3€PHHUH IMITyJbC 13 KPYTOBOIO
nossipu3aniero. [TokazaHo, M0 cuitk pajtiaiifHOTO TePTs MOXYTh CHPHSTH Iepeadl eHeprii BiJl JJa3epHOTo OIS 10
yacTok. KpiMm Toro, moxasaHo, 110 /ISl JIa3€PHOI0 IPUCKOPEHHS CWIIM paliallifHOro TepTsl 3HAYHO MEHII iCTOTHI,
HIXK Y IMKIIYHUX IPUCKOPIOBaYaXx.
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