smaller the length of the instability development. Therefore in helium, where
the breakdown field is smaller than in air by a factor 4 - 5 [5], the beam
penetration length is larger. We note that the dielectric strength of the gas
may be decreased by its heating by the powerful beam, which leads to an in-
crease in the propagation length.

Formula (7) agrees also with measurements performed earlier by Link [1].
In these experiments, in air at atmospheric pressure, L is approximately 4 times
larger than in our case, owing to the increase of y and of the energy in the
beam.

In conclusion, we note once more that a substantlial fraction of the energy
can be converted into heat in the phenomenon in question. It can therefore be
used for a collective heating of a superdense plasma.

The authors are grateful to S.L. Nedoseev and I.V. Novobarantsev for a
discussion of the results and to S.S. Kingsep for help with the experiments.
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In the present article, using the simplest separable interaction as an
example, we consider certain properties of the Hilbert-Schmidt (HS) expansion
{1 ~ 3] for amplitudes in the three-body problem [U4]. An analysis of an expan-
sion of this type is very important both from the point of view of clarifying
the analytic structure of the three-particle amplitudes, and in connection with
the possibility of using the HS expansion to solve integral equations for four
particles |5, 6].

Our result reduces to the following. For identical particles we can intro-
duce two three-particle amplitudes X(z) and Y(z) [7] (z is the energy param-
eter), the first of which is connected with the amplitude of physical processes
(elastic n-d scattering, disintegration of a deuteron) in a system of three
particles. Since the equations for the amplitudes X(z) and Y(z) separate, it
follows that Y(z) does not correspond %o any physical quantity and is not used
in practice in three-particle calculations. The amplitudes X(z) and Y(z) are
in the general case (N x N) matrices, where N 1s the number of terms in the
separable expansion of the two-particle T-matrix. Symbolically, the equation
for X(z) can be written in the form

X(z) = V(z) - V(z) A(z) X (2), (1)

where V(z) is the effective three-particle potential, and A{z) is a diagonal
matrix describing the propagation of a free particle and of a pair of interacting
ing particles. The equation for Y(z) differs from (1) in the substitution

V » V/2 and in the reversal of the sign of the second term. It follows from

(1) that the HS expansion of the amplitude X(z) coincides formally with the HS
expansion of the two-particle amplitude. Each term of this expansion contains
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-1
Im(7) a factor [1 - n_(2)]7", where n_(z) are

the eigenvalues (EV) of the kernel
V(z)A(z) of Egq. (1). This factor de-
\ termines the positions of the poles Zn

of the amplitude X(z): nm(zm) = 1.

Negative real poles lying in the region
below the two-particle threshold corre-
spond to bound states of the system of
\\ “ three particles. The HS expansion for

4 the amplitude Y(z) differs in that
\\\\\\\\\ [1 - nm(z)]"1 is replaced by [2 +
— nm(z)]_l. As a result the Y(z) have
poles Z whose positions are specified
N\ by the equation nm(Em) = -2. As to the

\ yl( +)

*)

i kernels of the integral equations for
four particles, they represent linear
R combinations of the amplitudes X(z) and
7;" 75 Y(z) and contain all the singularities
of these amplitudes. In particular, the
ZH amplitudes waB(Z) can have on the nega-

///// tive real axis poles that do not cor-
respond to real bound states. Fronm

=10 this it follows, in turn, that the ker-
nels of the integral equations for four
particles contain only a symmetrized combination of the three-particle ampli-
tudes, since the amplitude Y(z) leads in the four-particle problem to unphysi-
cal cuts not connected with real thresholds. To avoid misunderstandings, we
emphasize that the foregoing pertains only to asystem of identical particles.

20

10

amplitudes wae(z), which determine the

We used in the calculations the simplest separable Yamaguchl model [8]
with parameters

- - -3 _ -
B, =1450F~', B = L165F~!, A, = 04156 F~%, A_= 0,149F3,

(2)
a=yme, =0232F', 1/m = 41,47 MeV-F2,

We have observed that in the energy region below the two-particle threshold
there are two series of eigenvalues, one of which congains the positive eigen-
values n( )(z) and the other negative eigenvalues n (z). The negative ones

become most clearly pronounced for the doublet state of the three-particle sys-
tem (see the figure). This result indicates that the effective three-particle
potential for the separable Yamaguchi interaction is not a positive-definite
operator, i.e., it contains both attraction and repulsion, in spite of the fact
that in the two-particle system the separable potential contains only attrac-
tion.

In the two-particle problem, the good convergence of the HS expansion is
due to Ehe fact that the first EV is larger in absolute magnitude than all the
others? The rate of decrease in the three- particle problem is approximately

1)I‘c follows from the HS expansion that only one term predominates near the
pole of the amplitude. However, it is easy to verify that for shallow potentials,
for which all the EV are small, the HS expansion converges well, as before, and
the first HS pole makes the principal contribution to each term of the pertur-
bation-theory series.
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the same as 1n the two-particle problem. In the case the state with quan-

tum numbers S = T = 1/2, however, a unique situation arises for the values of

z 1lying near the two-particle threshold, owing to the proximity of the doublet
scattering length to zero [9]1%’. 1In the language of the HS expansion, the
proximity of the quantity %a to zero denotes, first, that at the threshold we
have n1 > 1 and n; < 1, and therefore the first term of the HS expansion makes

a positive contribution to the scattering length, and the second a negative one.
A similar situation occurs also for triplet NN scattering, but in this case the
deuteron pole is close to the cut, and the contribution of the first term to

the scattering length turns out to be dominant. For the doublet state of the
three-particle system, the pole is sufficiently far from the cut, and there-
fore the contributions of the first two terms in the HS expansion are compar-
able in magnitude and opposite in sign; as a result, their total contribution
to the scattering length is close to zero. In particular, in the potential
model under consideration we have n; = 2.44 and n, = 0.68, and the contribution
of the first two terms to the scattering length is equal to 5.00 - 5.36 =
-0.36 F. In this situation, the main contribution to the scattering length is
made by the EV corresponding to remote poles (their summary contribution is

<1 F); as a result, the convergence of the HS expansion becomes much worse. We
emphasize that the described cancellation effect does not depend on the choilce
of the concrete potential model.

Convergence of HS expansion for the scattering length

m 1 2 3 4 5 6

a,) 6.80 23.55 [21,38 |20.84 [20.64 | 20,56
2g (") 5.00 -036 |-1,07 |-130 [-139 -
20 () 0.33 0.44 | 049 - - -
‘o) 4.01 538 | 5.88 | 6.09 6.18 6.22

¥In [8] are given the values a = 20.40 F and “*a = 6.28 F,
obtained by solving the inhomogeneous integral equation.

The table lists several of the first terms of the HS expansion of the n-d
scattering length for the spinless case (with triplet NN potential), and also
for the doublet and quartet states. The contribution of the first m terms to
the HS expansion is denoted by an. For the doublet state, we give separately

the contributions of the positive and negative EV. All the quantities in the

table are given in Fermi units.

Taking the calculated terms into account, we get %a = -1.39 + Q.49 =
~0.9 F. This value differs somewhat from the published value [10] 2a = -1.00 F.
The difference can apparently be attributed to the noticeable sensitivity of 2a
to the choice of the constants Xt and a. We have shown, for example, that a

variation of A by an amount v+107°% leads to a change of 2a by approximately

¥0.05 F. Furthermore, the discarded terms make an additional negative contribu-
tion. A more detailed analysis of the properties of the HS expansion, includ-

ing local potentials, and also concrete calculations in the four-particle system,
willl be given in a subsequent paper.

The authors are grateful to Yu.A. Simonov for useful discussions.

2)This effect is analogous to the well-known Ramsauer-Townsend effect.
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CPT INVARIANCE OF CP-NONINVARIANT THEORY OF K° AND K° MESONS AND PERMISSIBLE
MASS DISTRIBUTIONS OF THE K, AND K. MESONS
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1. The usual phenomenological theory of K® and K° mesons (see, e.g., [1,
2]) used in the discussion of the CP-invariance problem is based on the most
general principles of quantum theory (superposition principle, unitarity) and
on the essential additional assumption that the KS and KL mesons decay ex-

ponentially. This assumption, which is equivalent to the well-known Weiskopf-
Wigner (W-W) approximation [3], states that the mass distributions of the Kq

and KL

earlier [4] to the large sensitivity of the results of the phenomenological
theory (e.g., the unitarity relation, CPT tests, T-invariance) to the validity
of this assumption. We shall show below that within the framework of the CT-
noninvariant theory the CPT-invariance requirement forbids single-pole distri-
butions of the KS and KL meson masses. Within the framework of the CP-invari-

mesong have a single-pole character. Attention was called already

ance theory, on the other hand, a single-pole distribution of these masses is
permissible.

2. We assume that the theory is CPT-invariant but CP-noninvariant, i.e.,
[CPT,Hl.= 0, [CP,H} £, (1)
where H is the total energy operatorl)
H = Hg, +Hy+HWk=H°+HWk. (2)

Let |K°> and |K°> be the normalized eigenvectors of the strangeness operator 3
and of the operator Ho [1]:

S|K°> = 1{K® >, SIK°> =-1K° >, H |K°> =meolK® >,
H,|K° > = mgo{K°>, [S,H1=0, <K°|K°>=1=<K°|K">, (3)
< KejKe> =,

) . .
1/The notation is that of [1].
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