Scattering of a photon by an electron moving in the field of a plane periodic

electromagnetic wave
A.l. Akhiezer and N. P. Merenkov

Khar’kov Technical Physics Institute
(Submitted 5 June 1984)
Zh. Eksp. Teor. Fiz. 88, 72-83 (January 1985)

We consider the scattering of a photon by an electron moving in the field of a plane periodic
linearly polarized electromagnetic wave. We study the case when the four-momentum k, of the
photon satisfies the condition k,k = 0, where & is the four-momentum of the quanta of the plane
wave. We obtain formulae for the angular and spectral distributions of the photon in the frame in
which the electron is at rest on average in the form of an expansion in the parameter

x*=e?4? p/m (A is the potential of the plane periodic wave and m the electron mass) We obtain
alsothe total cross-section and the average radiation energy taking terms of order x” into account.

We study the limit /0, <1.

1. A large number of papers'~'° have been devoted to
the study of the effect of the field of a strong electromagnetic
wave on various processes. These processes can convention-
ally be divided into two groups. To the first group belong
those which can not proceed without the action of a wave
field due to energy-momentum conservation laws. They in-
clude the emission of one or several photons by an electron,
e™-e~ pair production by a photon, e*-e™ pair annihilation
into a single photon, the absorption of a photon by an elec-
tron and a number of other processes. To the other group
belong those which can proceed even without a field. Among
such processes which have been considered before are
Compton scattering in a constant electromagnetic field, the
decay of muons and pions, and the B-decay of nuclei. For
instance, it was shown recently'! that probability for the S-
decay of various nuclei in the field of a periodic plane wave,
when the energy release is small, is sensitive to the neutrino
mass as the electron in the field of such a wave becomes
massive.

The study of the structure of quantum electrodynamics
in external fields is also of great interest. One can relate to
this the study of the electron propagation function,'*"'* of
the polarization and mass operators,'*>~'” of radiative correc-
tions and the anomalous magnetic moment of the elec-
tron,'®2° and a number of other problems.

In the present paper we consider Compton scattering by
an electron which moves in the field of a plane periodic lin-
early polarized wave (in a laser field) with a potential 4,, (x)

= a cos @ (here ¢ = kx, where k is the four-momentum of a
laser quantum):

S S (1.1)

where E ~ is the electron in the laser field. Compton scatter-
ing in constant fields has been studied previously.>'° Our
method of calculation is closer to the method used in Ref. 10,
where the total cross-section for the scattering of a photon by
a spinless particle in a magnetic field was expressed in terms
of the imaginary part of the vacuum amplitude.

Starting directly from the amplitude of the Compton
scattering (see figure) and using kinematics when the photon
momentum is parallel to the momentum of the laser photon,
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we have evaluated not only the total cross-sections but also
different differential distributions in the case of low laser
intensities taking into account contributions from the har-
monics with s =1, 0, — 1 (s is the number of laser quanta
which are absorbed).

Compton scattering is a process which proceeds also
when there is no laser field present. It was shown on p. 89 of
Ref. 2 that the total contribution from all harmonics for such
processes gives a cross-section which is determined by the
usual Born approximation if the presence of the wave does
not effectively change the kinematics of the process. Our
calculations for the case when the photon frequency is much
larger than the frequency of the laser quanta confirm this
result. The average energy of the radiation differs from the
Born energy even in that limit. Moreover we would like to
draw attention to the fact that Compton scattering with ab-
sorption (s > 0) or emission (s < 0) of a well-defined number of
laser quanta is a physical process which may, in principle, be
realized under laboratory conditions. Both a theoretical and
an experimental study of such a process would be useful for
an understanding and as a check of our ideas about the struc-
ture of quantum electrodynamical phenomena in external
fields.

2. The exact solution of the Dirac equation for an elec-
tron moving in the field of a strong plane electromagnetic
wave was obtained by Volkov:?!

kA

W@ =E@UE), E@= ()

hx

(o2 ) g
Xexp{zé‘(e e e 2%p do+tipxzg , (2.1)

FIG. 1. Feynman diagrams describing the amplitude of process (1.1).
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where p is the electron momentum in the absence of a field,

p*= —m? and U( p) is a bispinor satisfying the equation
(B+mU(p) = (We use the Pauli metric: ab
= ab — agb,.)

We show in the figure the Feynman diagams describing
the amplitude of the process (1.1). We write the matrix ele-
ment of the process determined by these diagrams in the
standard form

M=—i¢* Jd“a:id"zz[ﬂ;,,(xz) &2 (22) S (22, 2,) &4 (2,) Yy (1)

+1I)P1(x2)gi (2,) S (x,, xi)é\z. (@) Py, (24) 1,

where the propagation function of the Volkov electron .S (x,,

(2.2)

x,) is given by the formulaz"“
S (22, 21) = — NPT 5 d*qE, xZ)—Z—LéE“(I‘)’
E="{4E+"{4. (23)

We choose the wavefunctions of the photons in the form of
plane waves:

e:(x:) =e:(k:) exp (ikax)), i=1,2.

Substituting into (2.2) the expressions for ¢, ,(x,,)and

S (x,, x,) for the case when the laser field is linearly polarized
to get

W=t ] e U ) T o 102
m—i
XT——-q—T(ex, g, P, 1) B+ T (&4, P2y @, Z2)
+m?
m—igq
X-Z—z’q_ T (&2, g, pus x)E,1U(py), (2-4)
q*+m’—ie
where the matrix 7T is given by the formula
T (g, ps, p2y )
~ ake gl;aA) ezaz(sk)l::
=&+ k - -cos’ k .
e+ecos x( okp | 2kp, Skp: Fips cos’ kx, (2.5)

while the exponential functions E; have the form
E,=explif(x;, z,)+iz,(p,/—q +k\)tiz,(—p,/+q'—k,) ],

(2.6a)
E,=exp[if(z,, z\)tix,(p/'—q —ks)+iz,(—p/+q +k,)],
(2.6b)
f(zs 1) =0 sin kz.~f. sin 2kz,+a, sin kx,—P, sin 2kz;,,
(2.6¢)
dme (B 00) (9L 2e)
kpe kg kg’ kpe (2.6d)

eta’ ( 1 1 ea* [ 1 1
pr=—A ———), Pr=—7F-\:——7—7]).
8 \ kpi kg 8 ‘kq  kp.

The quasi-momenta occurring in ( 2.5 a,b) are determined
through the rule

p/=pi— (e*a*/4kp:) k, — (e*a*l4kq) k.

In order to go over to the momentum representation (as
in the case of the emission of a single photon by the Volkov
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electron) we use a Fourier series expansion

cos™ kx exp[i(a sin kz—p sin 2kz) ]———iZ A.(s,a,p)e’™=.(2.7)

§=—o00

One can then integrate over x; and x, in (2.4) using elemen-
tary techniques, which leads to two §-functions, and the ma-
trix element reduces to a double series:

M=—ie2(2n)‘2jd‘ql7 (p:)

81,32

[T (82 7P27q,32) T (Shq phsi)

X6(s2k+q'+k1—pz')6(sik+k1+p1'*q')

+7T: (&1, P2, ¢, sz) T (&2, ¢, Py, $1)

X8 (suk+p —q —k:) 8 (s:k+ki+q"—p,") ] (2.8)

where T, is obtained from T by the substitution cos” kx-
; = A, (s;, a;, B;). The integration over g in (2.8) is per-
formed using the shift ¢ = ¢’ + (e’a®/4kq’)k. The Jacobian
of such a transformation is equal to unity and hence

M=—ie*(2mn)* E 8[ (s, +s:) kt+kit+p, —k.—p." 1U (p2)

84,82

{Ti(ﬁz sy P2y Q2 32) Tl(sh thnsi)

m—i
+T, (&1, P 41, Sz) Q1 5
m

X Ty (2", g1 P1s $1) }, (2.9)

where
g =sk+p/—ko=—sk—k+p,’,

g’ =sk+ktp/=—s:k+kstpy, q=q/+ (e*a’[4kq.)k.

The first term in braces on the right-hand side of (2.9)
depends on the quantitites «;, 5; in which ¢ = g,, and the
second one on «a;, B; in which ¢ = ¢, (we denote them by
al, B ). As we have the relations
BitBa=B+p. =B,
a=e(ap:/kpi—ap./kp.), B="'/se*a*(1/kp,—1/kp.),

o to,=o,ta,'=a,

we have in the general case three independent quantities ;
and f3;.

We note that if in the matrix element (2.9) we make the
substitution k;, — — k,, &, — €¥, it will describe the process
of the emission of two photons by a Volkov electron. As it
can proceed only with the absorption of laser quanta, we
haves = s, + 5,>1. A study of this process is also of extreme
interest.

It follows from the form of the §-function in (2.9) that
only the sum s, + s, = s has a physical meaning (in the sense
that it can, in principle, be determined experimentally). It is
thus necessary to sum in (2.9) only over s, (or over s,). For
arbitrary kinematics such a summation gives rise to compli-
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cated functions which need special study.

In what follows we shall consider only the case for
which the momentum k, is parallel to the laser quantum
momentumKk, i.e., kk, = ak, = £,k = 0. One sees easily that
for such kinematics

kq.=kp,, kqi=kp., ag.=ap,, aq,=ap,
so that
a1=a2/=ﬁi=ﬁzl=0, az=a/=a, [52=Bil=ﬁ.

As

1 o
A.(s,a,p)= g cos” @ exp[i(a sin ¢—p sin 2¢—s@) ]de,
only terms with s, = 1,0, — 1 contribute in the first term on
the right-hand side of (2.9), and only terms with s, =1, 0,
— lin the second term. (Terms with s, , =2, — 2 are pro-

portional to £,k = 0.) Changing in (2.9) to summation over s
and s,(s,) we get

——ie?(2m)* Y8 (st py' — ke U (pa)
XI 2 T, (62 sy D2y P1y S— Sl)

m—igq,
+Z, K (&4, p4, sz)z—qla
o g+

g +m ZK(Bu P1s 1)

XT1(52'7PZa P, S—Sz) }U(p1)7 (210)

where

~ e ~
K(ehph S) =81650_ (ela)k(63.1+63.—1)-
2kp,

In the kinematics considered
ge=k:(1+8s:) +p,,  qi=—k,(1+8s.) +p.,

so that

g>tm*=2k,p, (1+6s,), g +m?=2k,p,(1+8s.),

where § = w/w, is the ratio of the frequency of the laser
wave quantum to that of the photon with momentum k,.
We note that when s,(s,) = — 1 and § = 1 the matrix
element of the process (1.1) has a pole if the polarization ¢,
has a component along the polarization of the laser wave. In
that case perturbation theory is inapplicable and the Comp-

ton scattering reduces to the emission of a single photon by a
Volkov electron.

The square of the modulus of the matrix element
summed over the spins of all the particles taking part in the
process is given by the formula

[ME=e* (27) 5[ (1+65) kutp/ —ks—ps' 16,
i( 1+i‘—+as)]
X X

2
xz{ 2 iz[ 24,°—By*
X

G=2A02[2+

( 2+ —1—;—) 24y —AoAz)—Bf+BoBz)]

+4 “— (A4,B.—A,By)

3

+-2 . )(ZAOB, Bg’+6B.,D)}
2
+6a[ —4 2 4B+ u—A,,(ZA,-I—,GD—B.,)
x (2.11)

+ax?— (2 +1—+—) (2AiBi—AoBz—BoAz)] )

n A;(s+1)
1—6

2i=e%a’/m?,

Ai(s—i)
1+6
u=k,k,/k.p.,
In writing down (2.11) we used the relation
(s—2B) Ae—0td,+4pA4,=0,

A, (s+1)
1-6
x=2kp,/m*.

_ Ay (s—1)

Bi(s)= 178

» D(s)=

which guarantees conservation of electromagnetic current,
and we also used the fact that 468 = — x*u/y.

The differential cross-section for the process (1.1) has
the form

e d°p,’d°k . ,
=G 4JZ,G 2E2,2 B[ (1+85) ki tp —a—py ],
2
(2.12)

whereJ = 1/2m?|y |. After using the §-function to carry out

the integration we have?

d*p,’d’k, dudg
E o, (1+u)?’

where @ is the angle between the (k,, k,) and (k,, a) planes in
the frame in which k, and p; are directed in opposite direc-
tions and k, + p; = 0. The invariant variable u ranges from
Otou, = — y(1 + 6&s)(1 + x%/2).

S[ (1+8s) kv tp, —k.—ps] (2.13)

TABLE L.
3
B A% A,A, T‘ B% A,B, A,D A,B, A,B, B,D
N‘c«
oy v | e e | |
2 2 1-82 1-62 1-62
1 o K3 1 1 a o 1 I T |
4 4 4 (1+6)2 | 2(1+6) 2(1+6) | 2(1+6) (1+8)2
1 L a 1 1 - 2 - 1 B 1
4 4 4 (1-98)2 2(1-6)| 2(1-6) | 2(1-9) (1-6)2
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We restrict ourselves in what follows to the case when
the function 4, (s, @, B ) can be decomposed in @ and . One
shows easily that for the process considered

ey ( z* \ :

a =4v_’6"— 1+ > u(us—u)cos® . (2.14)
For arbitrary y and § if @ and B are small this means that
x’«l.

We give in Table I the values of the bilinear combina-
tions of the coefficients 4,,, B, , and D which occur in (2.11)
which are necessary for the evaluation of the differential
cross-section of the process (1.1) up to terms of order x2.

When one takes terms of order x? into account it is nec-
essary to include in our considerations harmonics with
s =2, — 2. The number of harmonics with negative s which
contribute to the differential cross-section is determined by
the inequality 1 + &8s > 0.

3. Restricting ourselves to terms of order x> we have for
the harmonic s = 0 after integration over ¢

1
%oj‘ G (s,9)dp=G(s),

' u u
G, (s=0)=B(u,y)+ FT( 1+ 7) B(u,y)
2

+2 —[2—+( -
o 2 1+u

X

(3.1)

where

B(u,y) = 2(2+H2 ) +8%( 1+”7\

is the contribution which is determined by the Compton
scattering by a free electron. The upper limit of the variation
inuisuy= — y(1 +x%/2).
The contribution of the harmonic with s = 1 is given by
the formula
wz

G(S_D——W_X( 1+ )B(u %) — ——B(u %)

—z —X,[4— (1+-x—)(2+ 1_‘;;)

u? u?
+(1+8 -*(2+——-+ —)
( ) 1+u 4)(2

wof2+12)]

The limiting value of w is u; = — y(1 + 6).
To obtain the contribution from the harmonic with
s = — litsuffices to make the substitution§ — — §in (3.2).
Integrating Eq. (3.1) over u we get

+2(1+6)-2 ” (3.2)

jGi(s, u)du=G,(s),
’ (3.3)

Gs(s=0) =B (1) +2 F(x) o] Fo0)+ = P W],

where
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)( 1+%—)+2(1—62)“’B(u,x)&,

16 1

is the contribution which gives the Klein-Nishina formula??
for the Compton scattering cross-section while

1 6 24 16 1 2 16
F(y)= In(1—y)——+ —+—
% ( XX ) T 3 x
_6 . 1
X 2=y’
(3.3a)
1 8 12 12 2
Fl(x)—(———————-%—)l (1—x)+—-———1
x X x A
L[ 1 1 ]
- — , (3.3b
2 L1y il PP
2 1
Fo()=\——— In(1—y)———1———
20 =( ) nt-p) i
ot 1
2(1—x)*  2(1—y)*’
(3.3¢)
For the harmonic with s = 1 we have
G;,(S=1)
8 12 16
F 10— ————-+ In(1— )——
+(x,6) [( m— ) AT
20 1 7
+ 1+
X 1—x+J
4 6 1 2 4 12]
— |-t — ==+ =) | ma-
x{[ x X 1+6(x 1> x) n(=x.)
+16 4 3 1 }
XX 2(1—x+)  2(1—yx4)®
1 1 3
—x? S IO S P
xé{[ z (1+a)2(x
4 ] 2 3
— —y )=
ro it
I S L[iﬂ
2(1—y4)®  A+8 1Ly
5 1 ]}
+ —_
2(1—y+)  2(1—yx4)®
3 1 1
—22* Y —————In(1—y,)— —+ ——
N{x(Ha) S R Y w—
1 5 1 }
+ 1+ - .
1+5[ 2(1—yx4) 2(1"X+)2] ' G4

where y , =y (1 + 8) while F_ (y, ) is obtained from F (y)
thorugh the substitution 1-y — 1 — y .. The expansion pa-
rameters in (3.2), (3.4) are x*/6% and x?/8. This is completely
natural as the ratio x/4 enters multiplicatively in the quanti-
ty a [see (2.14)] and for the expansion of the right-hand side
of (2.11) it must be small.

We note that the contribution from the harmonic with
s = — 1 which is obtained from (3.4) through the substitu-
tion § — — § vanishes when § = 1 as the emission in that
limit is forbidden by the energy-momentum conservation
law. We note above that the presence of a pole on the right-
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hand side of (3.3) for § = 1 means that perturbation theory is
inapplicable for the harmonic with s = O when § is close to
unity; since it is impossible to separate the photon and the
laser beam unless it is polarized in the plane perpendicular to
the polarization plane of the laser quanta. However, in the
latter case there is no pole in (3.3) and no problems arise.

In actual fact the frequency of the laser quanta is several
eV so that one can assume (as long as no y-lasers are con-
structed) that §<1. In that limiting case

Gz<s=1>=—-§—zF<x)—%Fi<x)~x2[m<x>+m<x>1, (3.5)

so that for x?«1 and 6«1 the total contribution from the
three harmonics s = 1, 0, — 1 leads to the Klein-Nishina
formula for the total cross-section:

G.(s=1)+G,(s=—1)+G,(s=0)=B(y). (3.6)

Such a reduction of the contributions of different harmonics
for processes which can proceed also without the influence
of the laser field, if the presence of the wave field does not
significantly affect the kinematics of the process (which in
our case corresponds to the limit §<1), was indicated be-
fore.?

The harmonics with s =1 and — 1 determine real
physical processes and therefore their contributions to the
cross-section are positive. When s = 0 the correction to the
Born cross-section which is proportional to x? is negative. It
follows from (3.6) that for 5«1 this negative contribution
exactly cancels the positive contributions from the real pro-

cesses with the emission (s = 1) or absorption (s = — 1) of a
single laser quantum although ofs = 1)7#o(s = — 1).
Under laboratory conditions the  quantity

s=(E; +w,— E| —w,)/8w, can in principle be deter-
mined experimentally. For such an experiment when x2«1 it
is desirable to have § ~ 1 as the contribution from each of the
harmonics decreases as x2/°/ .

4. Itis well known that for Compton scattering thereis a
relation between the frequency of the scattered photon and
the angle at which it scatters in the laboratory frame.?* In the
process considered a similar relation exists for the contribu-
tion of each of the harmonics. For instance, in the frame
where p; =0, E| = m* = m(1 + x*/2) we have

-1
) =0 [1 +%;f-(1—cos 0,) ] . ou=0,(116s), (4.1a)

and the angle between k, and k, is given by the formula

cos 0,=1+m* (1/w,—1/0:"), (4.1b)
and hence

@4 (’1"‘2(1)14./”1') _'sz(')<0)1+.
Using the connnection between the invariant variable # and
the quantities ®' and cosé, in the form

oym’

2(.01(.02“) -t
(1—cos 6,) , x=-2 s
m

u=—1+ [1 - (4.2)

ym?

we can obtain the angular and spectral distributions of the
scattered photons in the frame p; =0, E ;| = m*, by substi-
tuting in (3.1) and (3.2)
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u=(0i/m’) (1—co0s0,), u=—1+ (0. /0:") (4.3)

respectively, and using (2.12) and (2.13).
We thus have in the case s = O for the spectral distribu-

tion [noting that du/(1 + u)? = — do¥/w, ]
do Ty z*
= o2 L 0t n e |,
2
e _e (4.4)
on T YT ‘
tZ 2 -1
m=si;+(7+iz—$)to+iz(i-— +2-t"—,
X x
L (4.4a)
© 01 1
ot (LB 1), (1,8 B ),
X K X« roX %X
1 6 2 1 1 2 4
+(—7—T+az——g)to+7+7—i4+7
X xR« F S S
1(1
+—2-(——1)t0“, (4.4b)
XN
AE TR
0, = °3+—Z-+(——T—ﬁ;)to+—12-+iz(-1ﬁ—1) to!
X% X P S
+ 1[4 o (1—+i—£)t02
1—82 XA Xz Xa Xé
12
+(——1;—is+—r)ﬁ°
FE A
1 4 4 t
—t o ] (4.4¢)
R A

For s = 1 the spectral distribution of the photons is given by
the formula

do [ry? { z* z?
= ——0,(t, %) — — D, (4,
do ~ ar(irey U g D) =5 Balinn)
—:L‘Z(Da(tx,x)}1
(4.5)
! mtzl) ’
where
3 2 1
X X X X X
1
e
X X X X
3
e[ (A1) (L2, 02), 4
1+6 xl. Xa Xl. XZ X3 xk X‘
1 t,!
MRS
X X X
_1)\2
2(—1) + 8 (2t H1—t,71). (4.6)

(1+8)%*  »

We note that after the summation over all harmonics the
frequency of the scattered photon will not be related to the
angle at which it is scattered in the laboratory frame. In
particular, the average energy of the radiation (w,) for the
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contribution ot the three harmonicss = 1,0, — 1 must differ
from the average energy determined by the Born approxima-
tion.
For the process considered
o)

2 max

(4.7)

R oY

In the case s = 0 we have

I du do(0)
1+u du

> D (x)]}

(4.8)

where the Born contribution for the Compton scattering by a
free electron is

-2 b0 2 pw e D0+

J-'du do (1)
°1+u du
nr.,’{ z* z‘[( 1 4 12)
=2 Do )| =2+ 22
" g Do (00— A
. 2% 12 5 1 ]
XIn (1—yy) — — + — — -
) = e 3y 30—
2 2
_xz[(____
x X
1( 2 12)) 12 2
| -+ In(1—y,) + = — —
+6\ ¥ % n (1) X%
18 5 2
2(1—x+)  6(1—x4)
s e[ (- S e -+ )
e |z —+ =
B(A—x) 4 RO A
2 7 11 1
X In(1—y,)+ —— —
(=) X 2(1—xs)  6(1—x4)®  3(1—yx4)®

1 2 23 1 1
T+‘5(7+6<1—x+> TRt 30—y )]

8 8 8 2 2 13 5
B =——ln(t—)——— =Tt (80 —pe [ i+ -
x 3 1=y 3(1—y)° x (148)? n(1=xs) 6(1—x+)  6(1—x4)?
while the functions D, (x) have the following form: 1 ( 23 _ 1 + 1 ) ]} . (49
Dyly)= ( 1 L2 24)1 (1) 1461 6(1—xy)  6(1—x4)*  3(1—x4)°
oX)=\——7———F T —5——7/)In(1—y . . 3
X Xz x* where D, (y, 8 ) is obtained from D,(y) through the substitu-
_ﬁ_{_ 2,2 111 1 ] agp Hom 1—x—1—y.. In the limiting case 5<1 the right-
X % x 6 L1y x (1—y)2 1’ (4.80) hand side of (4.9) takes the form
Try? { z* z* }
1 4 12 12 2 ——D ——D —2*[D +D ,  (4.10
Di(y)= (_____ _+__)1 (1—x) + o+ = " 5 o(x) 5 1(%) (D, (x) 2(%) ] ( )
v x* X
7 1 1 so that in that limit we get for the average energy of the
+ 6(1—x)  B6(1—x)* 31—’ (4.8¢)  radiation for the process (1.1) up to terms of order x>
o
1 4 1 (== S1B.(0)+22"D ()1, D) =D1 (0 —Ds ).
Da(x)=——In(1—x)—
200 == =0 =5y T 3 (4.11)
n Tt 1 (4.8d) The deviation from the Born approximation in (4.11)is given
21—y 2(1—x)* ) by the term proportional to x>. We have thus verified that the
average energy of the radiation does differ from the quantity
For the harmonic with s = 1 we have obtained from the Born approximation. The numerical val-
TABLE II.
D 32| b
—x | B(x) |—F) |—Fi(x)|—F2(x) o(X) Di(x) D (x) —B;(x) m]m Boo
0,4 | 0,244| 0,019| 0,053| 0,055 0,0148 0,061 0,051 0,232 | 0,95 0,188
02 | 045 | 0,031 0,4 0,096| 0,032 0,093 0,082 0,412 | 0,92 0,13
0,5 | 6,93 | 0,067| 0,2 0,474| 0,056 0,152 0,12 0,782 | 0,84 0,103
1 |15 | 04108/ 03 |026 | 0078 | 0186 | 014 113 | 075 | 0072
2 2,3 0,16 | 0,407 0,37 0,093 0,2 0,154 1,51 0,66 0,046
5 3,74 | 0,244| 0,576 0,563 0,097 0,18 0,15 1,97 | 0,53 0,021
10 5,09 | 0,311] 0,7 0,7 0,086 0,142 0,122 2,24 | 0,44 0,011
50 8,53 | 0,429 0,9 0,904 0,042 0,06 0,053 2,56 | 0,3 0,2-10-2
102 110 0,457 | 0,94 | 0,942| 0,028 0,037 0,033 2,61 | 026 | 09-10-3
103 1148 0,49 | 099 | 699 | 510-3 | 6-10-3 6-10—3 | 2,66 | 0,48 [0,67-10—4
oo =) 0,5 1 1 0 0 0 8/3 0 0
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ues of the functions determining the total cross-sections and
the average energy of the radiation for s = 0, 1 are given in
Table II.

If the plane electromagnetic wave in which the electron
is situated is circularly polarized,

A, (z) =a, cos kz+a, sin kz,

a*=a,*=a*/2, aa,=0, ka,=ka,=0,

for small values of a all differential distributions are the
same as in the case of a linearly polarized plane wave, if we
integrate over the azimuthal angle ¢. Indeed, for a circularly
polarized wave we have do, =do_ = do, and for linearly
polarized waves the following expansion at x? is valid:

. ,
do(cp)=%[do+2an cos 2ncp],

so that the statment made above is obvious.

We give the formula for the square of the matrix ele-
ment [similar to (2.11)] for the case of a circularly polarized
laser wave, having in mind a further study of the process (1.1)
for arbitrary values of x:

6=(> +%\v{ 2(1+65)J,*—4a® u—[ 146 (s—2p) + ix]

J2+12, T2+,
X (Ji 408 +2z [ + ]+
Vemrtlon) +2a (1-8)*  (1+8)*
g [ J}+6§ (JJ,_1+JS+1J,+2) /2
X - 1-8
N J2462(JJ ot oo d o) /2 ] }
1+6

+ [2+(1+a(s—2@))T’%+ 212]

X{4—l;—[1+6(s—2[5)+i].7’

o Joir o de |-ae [ e JJ.-ll}
vl (1-8)2  (1+8)® xL 1-6 1+8
2 2
~4bs],*—hat — ( LIS )
x V1—86  1+6
2
+(1+6s){—4f,2 . [1+6(s—2ﬂ)+1]
1+u %
u? [ JJo J,JH}
: +
oz ('1—6 1+6)
u 2z% u
s+1 _‘Js ]
+61+u{ -8y i
2
5= i+ 2‘Z u—]sz—l-‘}y
1+6 1+8 s (4.12)
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where J; = J,(z) is a Bessel function and

z* z*
zz=4—xz—62-( 1 +—2—) u(u,—u).

The agreement of the results for small x> was verified by the
authors without reference to the statement made above.

The authors are grateful to M. P. Rekalo for his interest
in this paper and for a discussion of the results.
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