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An equal-time pa ttern of the field near a curvilinearly movin3 particle 

based on the Lienard-Vichert potential analysis contains a region with s~rong 

~ -dependence of field ( '6' -re9ion), where ~ is the particle Lorentz 

factor. A characteristic width of the ~ -rec!ion is of order of R/ (\"~ 
where R' is the radius of curvature of the motion trajectory [1-3} . The -value of the electric E and magnetic H fields in the '6' -reqion is 

of order of 

2 .J2 e "'i. flf' 
E~H"" _, o-.J-x 

( 1) 

where X is the distance from the particle up to the observation point , 

0 < :t << R 

Find out the field energy C within the ~ -region. Taking into ac­

count the fact that the vertical sizes lw (:X:) of this region 

(2) 

l"l.f '::::- J 2 x/ R' R O'- 1 

we find out 

J 



c,~ 2e2 le? 4 
~SIR ~~-R-o · (3) 

This energy is generated by charge during the time of passage "t' of 

the sector with angle ~ 2::c / R.
1 

• '.<rite down the ratio I::: E. / 't' 

as 

l= .s 
'Jf 

e4 H: 0
2 

ma ell 

(4) 

where H ~ =- mcc.0 /eR is an external ~agnetic field. 

One can see that the obtained expression is of order of the total inten-

sity of synchrotron radiation . Taking into account the fact that the "fl -

region width is the wavelength corresponding to the synchrotron radiation 

spectrum edge we come to the conclusion that tpe synchrotron radiation of 

the particle is fonned into the (S' -region. 

In this work we consider the conditions of the coherent addition of 

fie 1 ds of '6' -regi ens of N particles moving along circular trajecto-

r i es as well as the quantity and time of such superposition existence. A 

maxiwally possible energy transferred to a motionless particle by the cohe­

rent field is calculated . The application of these fields is discussed, par~ 

ticu l arly, to: the enhancement of the action of the synchrotron radiation 

on different objects of the related investigations, experimental demonstra-

tion of the field pattern in the '6' -region, thermonuclear fusions pur-

poses. 

~~Region Geometry 

Due to small width and height of '6' -region it is convenient to des­

cribe the latter relative to some line entirely being in it. 

4 

This line is ~ -helicity, i . e. the geometrical locality of points of si­

multaneous .arrival of signals emitted by the particle along the tangent to 

the circular tra j ectory. 

In the cylindrical coordinate frame with the Z axis passing throu gh the 

centre of the circle the '6' -helicity can be given parametrically through 

the delayed angle E} 

xcR (J1+fJa/ ri 1 ), 
(5) 

'::f == - G + a:i c.t~ ( 9 I f.J), 

where f.i C is the particle velocity, angle y is referenced from 

the radius connected with the particle at a given t ime moment in the direc-

t i on of the particle rotation (see Fig . I). 

By formulae (5) one can find out the rositive angle Je. between the 

tangent to the 't -helicity and radi us-vector of t he de layed point of 

traject ory A 

'de = o.:r.cco.s ( 1 + Ra/ (f->2 ( 1+I'->)20'4 L. 'r 1fa • 

where E ;. R e I f'J · 
The '6' -helicity curvature radius at 0 point is equal to 

Rc(E)= ~. [1+R /~a(1+ .!'lao4 ea] 1/a 
l1+-.l~)t 2- f.>- [1 + Ra/(~a (1+ f.>) 2

0
4 E 2)]-

1 

(6) 

(7) 

The part of "r -he l i city we are interested in corresponds to the va 1 ues 

of 

Rfa<< E << R (8) 
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Here 

~ ~ R/(2 e 'tJ~, R0 ( e) ~ 2 e ( 1 + R2/(2 e'Q>j) ·-1
• (9) 

The Coherence Conditions 

The conditions of obtaining coherent radiation of several particles in 

a small spatial region are as follows: 

a) 0 -hel icities intersect in the observation region, 

b) they have the same tangent, 

c) the signals from different particles reach the observation region si­

multaneously. 

Let us choose a cylindrical coordinate frame with the reference point 

being at the point of intercept of 0 -helicities, the polar axis being 

orthogonal to their COITlllOn tangent. Define the auxiliary curve ~ in order 

to determine the coherent trajectories as the geometrical locality of po­

ints which emit signals along tangents to the motion trajectories satisfy­

ing the coherence conditions. One can readily see that the curve ~ is 

described by the equation 

l = ft ( 1 +R~) ~c. d:~ lJ , 
(10) 

where If is the polar angle. 

The coherent trajectories of mot1on are radius R circles contacting 

O A in point A , where A is an arbitrary point of curve 3 
It is suitable to give this circle parame.trically by if> , i.e. the angle 

of deflection of the circle point from the A point (see Fig.2) 
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l 

f = (E"+ 2R 2
( f-co~t) - 2 e R sin~) 1/G., 

(11) 

G= ':P + Q<.csi.11. [R(1-co~ t)/ ..P] · 

The particles position at an observation moment is determined by the angles 

t:::J'E/ R . For E satisfying the condition (8) we find out 

:x:~p~E 2/2R. 

e~ri;2 
(12) 

Let at an observation time moment on this curve there are situa ted N par-

ticles that move along coherent trajectories. We denote the distances from 

the first and the N -th particles to the intercept of Q' -helicities, 

respectively, by .f\ and J\, ]>1 < fr1 . Then the field in the 

coherence region defined as the intercept of ~ -regions of a 11 the par­

ticles has the form: 

E~ 2{212 ()4j~'N 
(13) 

In case whe'l 

Ro- 2
<<.P1 , f,.,, « R, 

(14) 

the extension X of the coherence region in the plane of orbits is de­

termined by the intercept of two circular regions with the widths R/'{j:, 

and radii 2J2Rf'1° and 2J2R.fN' 

7 



R ?>/4 p 1/4 o 1 /~ '>I'" '!J/2 X= 1 JN \l 

( f,. 1/e. - Pi '/2 ) 1/2 
(15) 

The coherence region width "' R / 0 ° . vertical dimensions are de-

fined by formula (2), where X should be replaced by f, 
The fiel d energy in the coherence region is 

c : Li.ff ~ 05/4 ( f. )~/4 
coh m- R ~ 

R 1/4 (16: N2 
(f,.'le. - .f, 1/2 )'/a ' 

we r.;ean here that the region of the parameters variation is lirr.ited by the 

obvious condition le.oh < N'Q' me". 

~Je also es ti l'1ate the lifetime of this region which is determined hy a 

maxil'1um ti ;1e of coherent suoerposi ti on of '6' ~regions of the first and the 

- t h oarti cles . Taking intc account the fact that an equal-time pattern 

of the field for one particle at different tirre moments is deterl'1ined hy 

the an1 le rotation equal to the time difference divided by t~e ancular ve­

locit_v of rrotion one can find out that the ti~~e t coh of the co~erence 

region lifetime is equal to 

1:coh ~ R R 1/i. 
( .f>N 1la - .P, '/a )1/2 '{ 3/c_ 

(17) 

r:. 

During the time t c.oh the coherence region "bastes• the voluwe 11ith 

with dil'lensions of order of ( X d:.coh' J 2. p, R• Q'- 1
) 

11: 
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The su ggested methCld of coherent superposition of the 'f -renions 

fields all01~s one tu increase the bunch radial dimensions N times as 

corr.pared Yli tn the san;e dir.1ensions necessary to obtain the coherent synchro-

tron radiation in the whole space. The requirement for the particles density 

thus reduces . Besides the radiation intensity of the bunch of N par-

ticles movin~ along coherent trajectories is N times as higher as the 

non-coherent synchrotron radiation. Such an increase can be checked up expe-

rimentally to confinn the field pattern in ~ -region. This increase, 

besides bein9 used in traditional soheres of synchrotron radiation apolica­

tion. allows one to ohtain the coherent classical field with a wavelength 

R/oo Note that in this wavelength a lol'l-energy oarticle with mass 

gains the energy 

ye.a - a 
E: M = PN '6' N °rM 

(18) 

where a_ =eHo't /rnc.a ,.., =ea/Mc"-YM b M I ' I ..... 
. In substance the particle 

is affected also by the coherent radiation field of the substance electrons 

the quantity of which is comparable with that of the fall field. Nevertheless 

to estim4te roughly the energy transfer to a low -energy particle we shall 

use formula (18). The measurement of this energy would confirm experimen -

tally the O' -region field pattern. 

As one of the possible practical applications, estimate. for example, 

the possibility of initiating the deuterium-tritium (DT) fusion in coherent 

fields under consideration. The OT-fusion with inertial keeping can be rea-

9 



lized if the target ionic component temperature ?:- K.T "-10~ V and the 

target size> fp ( nuclear free length). The energy E:e transferred to 

Jne electron of the target must be "- i- T , Ee is to be found from 

·ormula (18) with the replacement M- tn . It is obvious beforehand that 

the use of coherent fields for DI-fusion purposes makes sense only in case 

when the field energy in the coherence region Ccoh '""No me G. beam 

energy . Having calculated by formulae for the coherence region dimensions 

!:. h and takinq into account the relation Ee ""' . k T one can express c.. c.o . 

the beam particles number through the geometrical parameters J; and 

and temperature KT 

l.i N::; SF 
( ~ca )3/2.. 

(19) 

It is seen that at .f1 rv _fN the mean distance between the beam par­

ticles bf F ( f i'J - f 1 ) JN- 10-
10

cM • The ratio E coh j KT gives 

Ne - the number of heated electrons of the target. Introducing the 

atomic density n. we obtain the volume of heated electrons region 

Ye.= Ne/ n. . Here formula (17) shows that the lifetime t c.oh of the 

fields at .?. ,,.., o "-' 100 cm is sufficient to heat Ne. electrons. Ha-
N ) 1 

ving chosen the target' of volume Ve from the requirement We> t.p 

we shall obtain\ the condition for the ~ -factor of the beam particles 

in the form 

(20) 

r; ~ 1r. ne '?> '"{.Q, _f N f/i. 
Lt p l 1~Jf )(~~a Y''". 

For f
1 

1 cm, fNz2cm, 
24 -3 p -2 n. = 10 cm and \.p = 10 cm, which 

10 

corresponds to preliminary compression of the target [4] , we shall find 

{ 1 { 10 6 -10 .1 
out N,"f, Af J'"" 10 'c•10) 10 Cnr Notice that for these para-

meters the field in the coherence region is classical. 

The authors should like to express their deep gratitude to A.Ts.Amatuni 

for the attention to the work and many valuable remarks·. 
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