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plitude of such a transition is determined.by the
amplitudes of the scattering of the pairs of parti-
cles from each other and is proportional to VE
(E is the relative kinetic energy of three 7 me-
sons) for transitions into states with arbitrary,
possible £ and L. For sufficiently small energy,
the contribution of these processes to the angular
distribution is thus more important than the direct
passage through the centrifugal barrier. In this
case the angular distribution is determined not by
the specific character of the disintegration inter-
action, but by the amplitudes for the scattering of
one m meson from another.

In order to find the angular distribution in this
case, it is sufficient to know the wave functions of
the system of three m mesons in the small region
of radius r, where the particles are created. It
is shown in Ref. 3 that zp(21r+, 7~ ) can in this re-
gion be written, for example, in the form

$(27*, 5) = {1 — ik1g @y — & (Ryy + hag) (@5 + 2a0)
F I (502 + 1lay ap + 2a2)) [
A { g Cors + ) (@2 — a0) (1)
+ 7% (132 — 11038, — 2a2)} f9 4 0 () + 0 ():

f('),f("') are the wave functions of the systems
(277, 77) and (2n°, 7r+), respectively, at zero
energy; ag,a, are the amplitudes for the scatter-
ing of a 7 meson from a T meson at zero energy
in states with isotopic spin 0 and 2; J is a known
function of kyp/k and ¢; k =Vm E/H . An analo-
gous formula holds for ( 27%, 77). With the help
of these formulae, the matrix elements for both
disintegrations can be expressed through the ma-
trix elements at zero energy <f(%)|W| yg*t> and
the amplitudes a, and a,.

The result of raising the respective expressions
to the second power depends essentially on whether
or not “time-parity” is conserved in these disinte-
grations. If “time-parity” is conserved then the
<£6F) |W] Yg+> are real. In this case the angular
distribution differs from a spherically symmetric
one only by terms of order k%, inasmuch as the
terms of first order in 1 are purely imaginary.
Using an approximation to the expression for J,
limiting oneself to lowest powers in cos ¢, and
integrating over the energy of the third particle,
one obtains for the disintegration probabilities the
expressions

dW' (8) = W {1 + cos? & (mE | k%) [0.07a} + 0.1a, a,
— 0.07a} + 0 (0.25a2 — 0,32a, a, + 0.07a2)
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+ 0.03 (@ — a,)? p?]} d cos 9,

AW (9) = W* {1 4 cos? $ (mE [ %2)[0.1a2 + 0.03a, a,
4+ 0.03a5 + 071 (0.12a2 — 0.17a; a,+0.05a2)]} d cos 9;
p=W" /W

If “time-parity” is not conserved the
<£@) || pg+> are complex. In this case the
angular and energy distribution changes already
in terms of first order of k. In this case, taking
into account only terms of first order, we obtain
for the absolute squares of the matrix elements
the expressions

| p@n*, ©7) W | w2 = W™ {1 —(20/3)

(kra + kas) (@ — @) sino},  [(P(2r0, %) (W | 2
= W* {1 — (4 /3p) k13 (@3 — a) sin 0};

@ is the relative phase of <f(*)|W| Yg+t> and
<EC) [W] gge+>.

In all the preceding formulae, the m mesons
are taken to be nonrelativistic. In order to take
into account the relativistic corrections it is suffi-
cient to change in the final formulae, the angle ¢
to the angle ¢’ between the momentum p; and
the relative momentum of the identically-charged
T mesons in the system of their center of mass.

!R. Dalitz, Phil. Mag. 44, 1068 (1953); Phys.
Rev. 94, 1046 (1954).

2E. Fabri, Nuovo cimento 11, 479 (1954).

3V. N. Gribov, Nucl. Phys. 5§, 653 (1958).

Translated by R. Lipperheide
142

USE OF MOVING HIGH-FREQUENCY
POTENTIAL WELLS FOR THE ACCEL-
ERATION OF CHARGED PARTICLES

A. V. GAPONOV and M. A. MILLER
Gorkii State University
Submitted to JETP editor November 25, 1957

J. Exptl. Theoret. Phys. (U.S.S.R.) 34, 751-752
(March, 1958).

THE motion of charged particles (charge e,
mass m, e/m = 17) in high-frequency electromag-
netic fields E(r)el“t, H(r)el“' may be approxi-
mately represented as small oscillations ry =
—(n/w?)E (1ry)el®t relative to a comparatively
slowly-varying mean position ry(t). In the non-
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relativistic case, the coordinate r;(t) satisfies
the equation1

ro=—V®(ro); @(r)) = (1/20)*E?. (1)

As previously shown,! absolute minima of the
potential @ (ry) exist in heterogeneous fields of
definite configuration. Localization of particles
with charge of any sign is possible in the potential
wells that correspond to these minima. Upon using
oscillations with various frequencies we obtain,
generally speaking, a time-varying potential con-
tour @ (rj),t). In such a manner we may, in par-
ticular, bring about accelerated motion of the
potential wells and, as a result, produce accelera-
tion of the charged particles localized therein.?

We consider two cylindrical waves, progressing
in opposite (+z) directions. If their frequencies
and amplitudes are identical, they form a standing
wave E,(x,y,z)el%t, where E,(x,y,z) is a real
function. Let the structure of this field be such
that the potential corresponding to it, &; =
(n/2w)?|Eq (x,y,2) |%, has absolute minima (for ex-
ample, a wave of type TM,,; in a circular wave-
guide, of type TMy; in a rectangular waveguide,
etc.). For a displacement of the potential wells
along z it is necessary to change the phase of one
wave from its opposite; in particular, their dis-
placement with constant velocity v, is brought
about when two waves with different frequencies
Wy =Wy + Aw are combined. Limiting ourselves
to nonrelativistic motion (|Aw| < w,) and neg-
lecting the difference in field structure of the
opposing waves, we obtain for the total field

E=E(x, y, z—u,t) el (o/-2ak) (2)

where 2Ah =h(w;) —h(w;), and h(w) is the
propagation constant. The potential & corre-
sponding to this field has the form & =
®g(x,y,z-vit). The displacement velocity of the
potential wells

0y = 200/ [h(w) + A ()] (3)

turns out to be proportional to the difference in
frequencies of the opposing waves, so that the cap-
ture and consequent acceleration of a particle is
brought about by varying the frequency of the gen-
erator which excites one of the waves.

In the case of a relativistic velocity v,, the
potential wells (in the accompanying frame of ref-
erence) are somewhat deformed. However, as

before, their displacement velocity is determined
by the relationship (3).

Inasmuch as in the accompanying frame of ref-
erence an accelerated particle is at all times os-
cillating with the frequency of the external field,
the effectiveness of such an accelerator is less
than that of the usual linear one. In fact, the ratio
of the “actual field” (V,® )/n to the correspond-
ing field in a linear accelerator with identical value
of permissible intensity Ey5x is equal to

1 Vz(Di/Emax 7\\/’1’7[En'lax/2"'92 = 1/2h||"1!max<< 1.

However, an accelerator with high-frequency
potential wells does have definite advantages.
First of all, the application of transverse mag-
netic waves (TM), which give rise to three dimen-
sional potential wells, obviates the necessity for
supplementary focusing of the particles in the
transverse plane. Furthermore, since the effect
of the capture and acceleration of particles does
not depend on the sign of their charge, it is possi-
ble to apply this principle for the acceleration of
quasi-neutral plasma bunches. Finally, the utili-
zation of waves with any phase velocity, both
greater and smaller than the velocity of light, is
permissible. Consequently, instead of periodic
structures, application of the customary smooth
waveguides is allowed. It certainly follows by
implication that in such a waveguide, as immedi-
ately apparent from (3), the equality vo=c¢ is
unattainable.

In conclusion, we note that in the presence of a
supplementary focusing magnetic field (H, =
const) in the accelerator, waves of the transverse
electric type (TE and TEM) may be applied. In
this case the expression for the potential & will
have the form

© — [EPy/4(0! —a); on = || Hife.
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