mass of the sought particle is of the order of the muon mass.

3. In conclusion, it should be noted that the advanced considerations
should be regarded so far only  as a hypothesis, since there are no other data
confirming them at present.
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1. The spin and parity of the X" (960) meson have not yet been firmly es-

tablished [1, 2]. The avallable skimpy experimental data can be reconciled
equally well with the hypotheses 2~ and 0~ for the X° (960) meson, with 2~ be-
1ng the preferable hypothesis [3]. An analysis of the decays X° » n2m, X° -
p Y, and X° + 2y does not make 1t possible to distinguish between the hypoth-
eses 07 and 2 , owing to the lack of clearly pronounced forbiddennesses. In
this connectlon, it becomes important to study the mechanism of production of
X% (960) in different reactions in strong and electromagnetic interactions.

We analyze in this paper processes of electromagnetic production of the
X® (960) meson, in order to establish its spin and parity.

2. Photoproduction of X% (960) on a nucleus with spin 0. An interesting
pOSSlglllty of determining the spin of the X' meson is contained in the reac-
tion!

y+ He s He + X°(960). (1)

The choice of helium is dictated both by the zero spin of the nucleus, and by
the absence of closely-lying exciting states. In the reaction y + He + He +
x0 (960) there exists an entire aggregate of effects leading to conclusions
concerning the spin and parity of X% and based on the fact that the spin of
the helium nucleus is zero. For the alternative 07, the differential cross
section of the reaction (l) depends strongly on the angle of production of X°,

and vanishes like sin?6 as 6 =+ 0°. For the hypothesis J (X%) = 2, the simplest
angular distribution does not wvanish at 6 = 0° (180°).
The dependence of the differential cross section of the process Y + He =

He + X% on the polarization of the initial photon for JP(X°) = 0~ 1s strongly
pronounced

) . . X
17pt the present time there are experimental data on the photoproduction
of X® (960) on protons [4]. The maximum ¢ ~ 1.5 uV is reached at EY ~
(1.6 - 1.7) GeV.
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daf dao
—_—= T e (1+ f-
e ) (2)

where & is the Stokes parameter of the photon and characterizes the degree of
linear polarization of the photon along a normal to the reaction plane, and
dco/dQ 1s the differential cross section of the process with unpolarized vy
quanta. A deviation from this relation is incompatible with the pseudoscalar
character of the X° meson. Interest attaches also to threshold effects, which
are d;fferent_fgr both hypotheses (the threshold behavior of the cross section
is ‘b|q[3 and Mlq| in the cases 0 and 2, respectively). 1In addition, near the
threshold the cross section for the alternative 2~ does not depend on the
polarization of the y quantum.

In the case of the hypothesis 07, the Coulomb photoproduction can imitate
fully the spin 2~ for the X° meson [2]. Therefore an investigation of the
reaction y + He » He + X° (960) muit be carried out in a region where Coulomb
photoproduction is negligible [5]1%27.

3. Production of X° (960) mesons in reactions with colliding ete™ peams.
At the present time experiments are being planned [7] on the production of X°
(960) mesons with colliding ete™ beams in the reactions ete™ = X%p% (X%y). A
study of such processes is of interest also from the point of view of deter-
mining the spin and parity of X° (960).

a) ete” -+ X°p° .

The differential cross section of the two-particle annihilation of the et
pailr in the c.m.s. is written in the one-photon approximation in the form

e~

do
~5 ~A(BY) (1+ cos6) + B(AY)sin’0, (3)

where A? = UE2, E is the energy of the electron in c.m.s., and 6 is the angle
between the momenta of the initial and final particles. If X° (960) is pseudo-
scalar, then B = 0 for the process (a) and we have for the differential cross
section

dao
n_~A{A2)(l+cosza). (4)

The amplitude of the reaction ete” + X% for JP(X°) = 27 depends on four form
factors [5]. Near the threshold (]q[z/mi) << 1, where g is the momentum of

the final p° meson in the c.m.s.), the differential cross section is deter-
mined only by two amplitudes and is glven by (3) with

-

m m?
A=jqP{2+s5||——c+1l2, — X lcll,
m, +4mp (mx+"'p)2 : (5)
‘B=6|q|2,

2)The photoproduction of pseudoscalar mesons on helium was considered in
detail by Tsarev [6].
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where C is the mixing parameter for the two amplitudes that give the main con-
tribution to the X° + p%y decay. It is precisely this energy region which is
of real interst, since do/dQ decreases rapidly with increasing energy. At C =
-1, good agreement is obtained between the 2~ hypothesis and the experimental
data on the decay X° » p'y [3], and then we have

7 14 P12 sin?o
—d—"z~ q «& + Sin )- (6)

A comparison of formulas (4), (5), and (6) leads to the conclusion that the
pehavior of the differential cross section of the reaction ete” + X°p® near the

threshold makes it possible to distinguish between the hypotheses 0~ and 27 for
the X° meson.

b)] e*e- - X°y.

In the case when JP(XO) = 0, the differential cross section of the reac-
tion ete~ + X%y is the same as for the reaction ete~ = X°p® and is given by
formula (4). The amplitude of the reaction (b) depends on three form factors

if JP(XO) = 27 [5]. Near the threshold, in the region of the ¢ resonance,
where the cross sections are indeed large, it is possible to omit from the dif-
ferential cross section the terms of order Ial/mx n~ 0.06. With the indicated

accuracy, the angular distribution is determined only by one form factor and
is given by

do _

—2 ~(14 - sin20).

70 (7)

Investigation of the differential cross section of the process etem » X%y near

the threshold makes it thus possible to determine the spin of the X° meson.

k., The decay x° > p°e+e'. It can be shown that owing to the small energy
release, the value of.the conversion coefficient

T{X° 5 p°e*e™ mo—-m
( _ (X poetem) _ _a_[mn s P-3,4~L)
r{x -»p°y) 3 m, 150

and the Dalitz plot for the decay X° » p’eTe~ cannot be used to establish the
spin of the X' meson, since the conversion coefficient and the distribution

on the Dalitz plot coincide with good accuracy for JP(X°) = 0" and 2~.

However, a study of the correlation between the relative momentum of the
pions from the decay of the 0% meson and the momenta of the ete- pair in the
rest system of the o meson make it possible to distingulsh between the hypoth-
eses 0~ and 2-. For the 0~ alternative, the dependence of the disftribution of
the decay 7 mesons on the emission angle is clearly pronounced

A? ,
Wio, .y = [—2 - 2sin?0sin’$ P2, [sin’y, (8)

where 6 1s the angle between the direction of the momenta of the positron (pe+)
and of the X° meson (K) in the rest system of p°, y 1s the angle between the
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momenta of Xo(ﬁ) and n+(q) in thls system, ¢ 1s the angle between the planes
k, B +) and (k, 4), and A% = (B ot p Z)?

Ir J (X%) = 27, then the angular distribution W(®, ¢, y) depends little on
the angles Y and ¢. Thus, a study of the distribution W(6, ¢, v) makes it
possible to determine the spin of the X° meson if the number of events is suf-
ficiently large.

The dependence on the polarization of the y quantum in the X° -+ p%y decay
is different for the alternatives 27 and 07. This fact could be used to deter-
mine the spin of X° were 1t possible to measure the polarlzatlon of the fast
Y quantum. The p0351b111t¥ of determining the spin of X? is inherent also in
the reaction vy + p + p + X’ on a polarized target.

A detailed analysis of the foregoing questions will be presented in an
extensive article.

One can hope that accumulation of experimental data will make it possible
to answer the important question of the quantum numbers of X° (960) meson in
the nearest future.

The authors are sincerely grateful to V.I. Ogievetskii for suggesting the
problem and for numerous discussions, to I.G. Aznauryan, S.B. Gerasimov, K.A.
Ispiryan, S.G. Matinyan, and R.M. Ryndin and particularly to B.N. Valuev for
useful discussions.
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We consider in this article, in the deformation-potential model, the ef-
fect exerted by a homogeneous deformation of the lattice, due to the free car-
riers, on the equilibrium distribution of the electrons over the equivalent
valleys. If the concentration of the free carriers exceeds a certaln critical
value, then this deformation, which increases the elastic energy of the lat-
tice, leads to a general lowering of the thermodynamic potential, connected
with the decrease of the energy of the carriers in some of th? valleys. A4s a
result, the equilibrium distribution becomes multiply- -valued? i.e., there

1)'I‘he possibility of multiply-valued intervalley redistribution in a dif-
ferent situation (the multiply-valued Sasaki effect) was predicted in [1].
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