where we have also taken into account the influence of the temperature oscilla-
tions of the lattice atoms. If on(w,; - w,)/E << 1 (the longitudinal trans-
mitted wavelength exceeds the lattice constant), then the emission cross sec-
tion is given by

do’ (mz)"do (mz)Nu 1—[1+3<1— ] /41_ ,

noNya

am . R R R R
where do“ (w,) is the cross section for emission in an amorphous medium. TFor a
thin single crystal (NII < E/uwa), the quantum-emission cross sectlon increases

appreciably compared with the amorphous medium. The ratio of the cross sec-
tions in the crystal and in the amorphous medium is

: dvcr(m,) /d.,m(mz)~~' >> 1.

The indicated mechanism of radiation from a heavy relativistic particle in a
single crystal predominates in the frequency region

o< mu/m)?,

The authors are grateful to V.M. Galitskii for a useful discussion of the
work.
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At the present time, experiments on colliding electron-positron beams,
performed in Novosibirsk and in Orsay [1, 2], offer evidence that the cross
sections of the processes e-et > =7t e—et + m-wtn’, and e~et - K£K°(ﬂ mtr0)

have a resonant character at a summary 1n1t1al—partlcle energy near the masses
of the p? wo, and ¢° messons, respectively. With increasing energy, the cross
sections of these processes go outside the resonant region and drop rapidly, in
view of the strong decrease of the electromatnetic form factors. The radiative
corrections to the resonant annihilation of the electron and positron at an
initial-particle energy close to the mass of the vector resonance were con-
sidered in [3]. It was shown there that the radiative correction contalns,
beslides the electromagnetic constant a, also a large factor 1n s/m , Where s =

4E2, E is the energy of the initial particle in the c.m.s. of the electron and
positron, and m, is the electron mass. In addition, the emission of a photon

causes the production of the péeudoscalar mesons to proceed via a vector reso-
nance even if the total energy of the initial particles does not coincide with
the mass of the vector mesons.

2. The foregoing considerations remain in force also with increasing
energy E, when a hard photon 1s emitted. We are interested in this paper in
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the energy region in which s - my 2 My where My is the mass of the vector

meson. Then, by virtue of the fact that mV >> FV’ where FV is the width of the
decay of the vector mesons into pseudoscalar mesons, we can consider the pro-
duction of real vector mesons in the processes:

e~ +et s p%wd ¢°) +y. (1)

We shall first carry out all the calculations for the processes with the p
meson, the amplitude of which is determined by the Feynman diagrams for two-
quantum annihilation of an electron-positron pair, where one photon goes over
into the p meson. We introduce the angle 6; between the momenta of the p meson
and of the electron in the c¢.m.s. of the initial particles, and we put x =

cos 6,. Then the angular distribution of the p mesons takes the form

p .
i =2Dy"2{1—x2+4m3/s)‘1 1+ x32-
dx
22 (2)
m
- IG'J-— (1-—x2+4m3/s)'1
(s +m;)?
where
m m? 3/2 s - nf .
= 4 L (]
D =(ra¥ 1252 )(s - m?) (—l,—~)(1-4n—,2-) y  ym i a=1/137 (3)
P, p s +mzp

and the pion mass is denoted by m . Integrating the angular distribution, we

obtain the total cross section of the process under consideration, at s - m2 2
m;, in the form e

o=4D(s -m?) ~¥(s? +m;)[1n¢/m§)_ 1}, (%)

where D is given by (3). If we take s = 30mg,corresponding to E = 1.8 GeV,

then we obtain for the process (1) from formula (4) o = 0.8 x 10-3%% cm?, and
for the process e~et + p’n% we get o = 10-%° em?® [4]. Using formulas (3) and
(4), we can represent the ratio of the cross section of the process (1) to the
cross section of the process of electron-electron annihilation into two plons
in the form

a m s? +mt s
—_— (2 [
s (F ) s _mz ln ,"2 IF"(S) !2 ’
4 P e

where F1T is the electromagnetic form factor of the pion. It follows therefore

that the cross section of both processes are of the same order already when

s - m? =~ m?, and the cross section of process (1) is much larger when s >> m;.

p p
Taking into account the connection, predicted by SU(3) symmetry, between the

constants of the transitions of Yy quanta into vector mesons, namely ng:ng:g¢Y

= 1: sin 6/¥Y3 : cos 6/V/3, where 8 is the angle of the ¢w mixing, it is easy to
derive from formulas (2) - (4) the corresponding results for the production of

w® and ¢° mesons.

3. Let us consider the polarigation parameters of the vector mesons.
Since the vector-meson density matrix is symmetric, the dipole polarization is
equal to zero. If we choose the momentum of the vector meson as the 3 axes and
locate the 1 axis in the plane of the momenta of the vector meson and of the
initial electron, then the independent components of the quadrupolization
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tensor in the case when 6, >> me//§ and T - 6, >> me/YE take the following form

for the case of p-meson production
r,k=a,k—DB,k/(da/dX).' . (5)

where do/dx and D are given by formulas (2) and (3), and the tensors a, and

B., are given by
1k apy = ay=2/3i aj=ay;= ay3= By =Fy=0,
B =2————1+x2/y2; 22=2——1+x2y2 p Bpy=4 xmpV's (6)
R y?(1-x2) yX(s +m2)yT=x?
with v given by formula (3). In the liniting case s >> m;, we obtain from (5)
and (6) r,, - r,, = -1/3 and r;, = 0. This means that the p-meson spin is fully

aligned parallel and antiparallel to its momentum. Such a result can be attrib-
uted to the fact that when s >> m; it 1s possible to neglect the mass of the ¢

meson and 1ts polarization state should coincide with the polarization state of
the photon.

4, In view of the fact that the lifetime of the vector mesons is short,
let us consider the annihilation of an electron and positron into two 7 or K
mesons and a photon. If we disregard the hypothetical ¢ meson discussed in [5
- 7] and remain within the framework of the C-invariant theory, then it suf-
fices, in the energy region under consideration, to take into account only the
contributions of the diagrams in which the photon is emitted from the electron
and positrol lines. We introduce the angle 8, between the momenta of the pion
and the initial electron in the c.m.s. of the two pions. If we introduce z =
cos B, and designate by w? the mass of the system of two pions, then it is easy
to show that at all values of w? the angular distributions of the pions is
determined by the factor 1 - z?. Integrating the angular distribution with re-
spect to z, we obtain the differential cross section in the approximation in
which 1n(s/mé) >> 1, in the form

do @0l 4m2)3/¥s?+ o)milafs/m) 7
dw? ) 3s s -wz)w‘\/p[(wz— m;)2+m;l"g] ’

If we take into account the relation w? = s - 2/seY, wnere sY is the energy of

the v quantum in the c.m.s. of the initial particles, then it is easy to obtailn
from (7) the energy distribution of the Yy quanta in the processes considered by
us, observation of which would make it possible to investigate vector mesons
with colliding beams at higher energies than used in [1, 2].

The author is deeply grateful to V.M. Shekhter for constant interest,
numerous consultations, and a discussion of the work.
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The purpose of the present work is to call attention to the possibility of
a unique nonlinear passage of electromagnetic waves through a metal. This ef-
fect is connected with the free flight of electrons from one surface of a metal
plate to the other, and is analogous to the plasma-echo effect investigated in
a number of works. In particular, we have calculated [1] the plasma echo for
the case of transverse electromagnetic waves in a plasma. The phenomenon dealt
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