and

,_2‘:) 2 (K -1/2 (';uKl/z + K1/2 ;;uK-llz) (7
2i )

L' 1is the part of the Lagrangian which breaks the SU{3) x SU(3) symmetry and which we shall
not specify here concretely.

In expression (5), f, a_, and @, are phenomenological coupling constants. The constant

F
f determines the S-wave lengths for the scattering of mesons by baryons. The constants aF

and an correspond to the known constants of the F- and D-couplings of the baryon and meson

octets.
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From the elastic scattering of an electron by an electromagnetic field of light waves
it is possible to determine the intensity of the.field and its distribution near the focus
of a laser beam.

The interaction of the electron with the electromagnetic field is in this case the
result of second-order forces proportional to grad Ee and due to the time-averaged term
(eg/EmCQ)IAIQ in the Hamiltonian of the electron [1].

In the nonrelativistic case the interaction force Fy = -3p/Jdy can be readily expressed

in terms of the average kinetic energy

e2 E2(x,y)
‘b(xv Y) = ’

4me?

which is possessed by the electron if it undergoes oscillations described by the equation
mé = eE(x, y)sin at

near the point (x, y) of an alternating field E(x, y)sin wt with a slowly varying amplitude.
Essentially ¢(x, y) should be regarded as the potential of the field from which the electron
is scattered. If the energy of the electron moving in the direction of the x axis is

2
mv_

el = )

> @

and the scattering is at a small angle o in the focal plane (x, y)
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+ 00 1 += 3¢
g Lr_o F, dt = !
px Py mvz ~x Jy

dx,

then we obtain in the impulse approximation the following expression for the angle of deflec-
tion of the electron as a function of the distance y:

02 + 00 afz.(x|Y)
4dm2g2v2 J

a(y) = dx.

-0 ay

It is thus possible in principle to determine the distribution of the field intensity
from the scattering picture.

Let us consider two cases of field distribution, formation of an imperfect focus and
the case of ideal focusing. (

The first case occurs in powerful lasers when the field in the focal region is a super-
position of a number of independent wave systems. The effective intensity distribution I(r)
is best described by a Gaussian distribution

5 r? x? 4+ y2
I(r) = E*exp (- —= )2nrdr = E2 exp( -~ —)
R2 R2
with an average focal-region radius R.
The power passing through the focal plane (x, y) is
o r? cE2R?
Paw— [ E2oXp(- —)2nrdr = ’
81' 0 R2
and for the scattering angle we obtain the expression
4°2P y y2 + oo xz

a(y) = m?exp (~ E-Z—) J exp (- Fz')dx.

where K = @/c = 2n/A and B = v/c. We introduce further the characteristic power P, = m2c5/e2

= 8700 MW for the interaction of strong electromagnetic waves with the electron [2], which
is the fundamental physical power scale for the group of phenomena under consideration. We
then obtain finally

4yn P

a(l) = Cexpl?,
Pogz(KR)2

where { = I/R. The maximum angle is obtained when §{ = 1//2:

P2 AP (MW]
a - . — = 2,26 .
max P
V2en3 P g2 R R2 U Tvolts]
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We note that when the frequencies ml 5 of the different modes are close to each other
3
we obtain a slowly-changing field structure and our consideration is valid only if the

transit time 1 through the inhomogeneity region satisfies the condition

-1
T = v/R > le - m2|.

In the case of an ideal focus with one oscillation mode, the intensity is determined
only by the power and by the diffraction angle of the spherical wave 6. In the case of dif-
fraction from a square aperture, the approximate distribution of the field in the focal plane
can be described by the expression

sinK gy shKﬂx_

E(x,y) = E .
Koy Kox

A calculation similar to that given above yields the following dependence of « on the
parameter n = Koy
2P g2 nsin2y ~2siny 0,62.P 92

a(n) = t Cmox ™ a(0,T1a)= -
POBZ 7,3 PO 82

The scattering picture depends only on the power P, the aperture angle 6, and 62, and does
not depend on the wavelength of the light. We note that the field of intense electromagnetic
waves can be regarded as a medium which has (in the case of nonrelstivistic electrons) an ef-

fective refractive index

¥(x, y) / e2Ex,y) e2E(x,y)
nfx,y) = -1 - e at nnd
v 2m2w2v_2 4",2 wzvl

connected with the energy density of the electromagnetic field [6]. When n = 0 and when the
alternating-field intensity is

E =20

/
Ue
m

the electrons are completely reflected from the potential barriers (ef. [3]).

If on the other hand, when the atom is ionized, the electron is accelerated from the
focal region to an energy determined by the potential o.

The region of intense light waves can be investigated by electron microscopy, regarding
the light as a transparent refracting medium. If a transmitted electron beam is used for the
observation, the scattering can be increased by locating the focus near the virtual cathode
of the electron-optical system, where the electron velocity is low and the interaction with
the light is accordingly increased.
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We note that electron scattering in a strong field of standing light waves was con-
sidered by P. L. Kapitza and Dirac [4] and was observed by Bartell [5]. In their case,
hovwever, the scattering is due to absorption and to stimulated emission of one or several
quanta in the field of the intense plane light waves, and is proportional to the spectral
energy density. 1In our case we deal with an interaction proportional only to the spatial
energy density. The foregoing estimates can be generalized to include relativistic electrons
as well as the case of standing and traveling waves in the region of the focus with more ac-
curate account of their polarization. At powers P > PO/G2 and B ~ 1, the character of the
phenomena changes somewhat and it is also necessary to take into account the magnetic inter-
action in the field of the focus. It is of interest to investigate self-focusing and ac-
celeration of particles when such powers are propagated in a dense plasma.

After this paper was already submitted, N. E. Alekseevskil called my attention to a
paper by Kibble [6], where a similar group of problems is considered.

In conclusion, I am grateful to Professor H. Messel for hospitality at the School of
Physics of the Sydney University, where some of this work was performed, and to L. P.
Pitaevskii for a discussion of the results.
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We establish in this paper a certain limitation on the decrease of the amplitude of
elastic scattering F(s, t) as s - » and for fixed t < 0, where s is the square of the total
c.m.S. energy, t = —2k2(1 - cos 8), k is the c.m.s, particle momentum, and 8 is the scat-
tering angle in this system. For a number of processes, the amplitude F(s, t) is an analytic
function in t in the ellipse E (Martin's ellipse) with foci at the points t = 0 and
t = -hk and with major semi- axis a = 2k2 + 7, ¥y > 0, as shown by Martin [1] and by Sommer
[2]. The imaginary part of F(s, t) will be denoted A(s, t). From the results of Jin and
Martin [3] it follows that

maxIA(s,f)lsconsts“", s+ o0 (1)
teE,

for a certain positive E < 1. It is more convenient to consider in place of A(s, t) the
function
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