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The cross section for elastic scattering of electrons by deuterons is derived. The contribution
of the T-noninvariant form factor of the deuteron current is discussed in the light of experi-
mental data., Polarization experiments are considered, which could detect the T-noninvariant
form factor via the asymmetry of the angular distribution and the polarization of the recoil

deuterons.
1. INTRODUCTION

BERNSTEIN, Feinberg, and Lee (abbreviated
BFL)[ 1} have advanced the hypothesis of violation
of C- and T-invariance of the electromagnetic in-
teraction of hadrons. It was shown that it is possi-
ble to introduce a T-noninvariant interaction into
an electromagnetic vertex containing scalar or
spinor particles with different masses.

In the present paper it is shown that a T-nonin-
variant interaction can be introduced into the elec-
tromagnetic vertex of an arbitrary particle of
spin j = 1.% The general form of the contribution
to elastic scattering of electrons by particles of
arbitrary spin is derived in the one-photon approx-
imation, In the simplest case of a particle of spin
j =1, the cross section in the presence of T-nonin-
variant terms is compared with the elastic scat-
tering of electrons by deuterons. The results in-
dicate a possibility of explaining the discrepancy
between the experimental and theoretical data.

2. PARAMETRIZATION OF THE CURRENT
AND T-INVARIANCE

If one foregoes T-invariance in electromagnetic
interactions, there appear additional terms in the
matrix elements of the current. Such additional
terms appear in the one-particle matrix elements
of any particle of spin j = 1. Thus one can look
for T-violation not only in decay experiments (as
proposed by BFL) but also in elastic scattering of
particles of spin j = 1.

1)Staff member of the Moscow Aviation Institute.
2)Similar considerations have been put forward by Kobzarev
et al.[?]

Indeed, the general form of the parametrized
one-particle matrix element of the conserved
electromagnetic current operator is defined by t3l,
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Here P, P/, m, and m’ are the momenta and
spin projections on the z axis of a particle of
mass k, and fik(qz) are the relativistically invari-
ant form factors for a particle of spin j. Equa-
tions (1) and (2) were derived from covariance
considerations of the current operator only. Her-
miticity of the current implies that the fik(q?') are
real. P- and T-invariance of the current forbid
form factors with odd indices k both in F; and
in Fy. Therefore the sum in F; is over the range
2j =k =0, and in Fy over the range 2j - 1=k
= 0, even k only. In F3, P-invariance imposes
summation over odd k in the range 2j - 1=k =1,
and the other form factors in F3 are T-noninvari-
ant. They contribute T-noninvariant terms in the
elastic scattering cross sections of particles with
j=1.
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3. THE ONE-PHOTON APPROXIMATION AND
THE CROSS SECTION FOR ed SCATTERING

It is well known (cf., e.g., [4]) that the one-
photon character of the exchange implies the fol-
lowing angular dependence of the cross section for
scattering of electrons on particles with arbitrary
spin in the laboratory system:
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Under the assumption of T-invariance, expres-
sions have been derived in "% ¢ for the functions
A(qz) and B(qz) in terms of electric and magnetic
form factors of the particles. In this case B(qz)
involves only the magnetic form factors, whereas
A(qz) involves both types. The contribution to the
cross section from the T-noninvariant family of
form factors f3,2n+1(q2) vanishes for j =0, 1/2,
and for j =1
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The functions @3,(j) depends only on the values j
of the spin of the particle.

Thus, in the simplest case j =1 (for definite-
ness we call such particles deuterons) the cross
section for elastic ed scattering is
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The family of form factors f3 o+ (@) defines the
so-called magnetic multipoles of the second
kind.t7> 81 Thus, the value of the form factor f;;(q?)
in (5) can be directly expressed, for q2 =0, in
terms of the quadrupole magnetic moment of the
second kind M%I:
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4. COMPARISON WITH EXPERIMENT

We try to evaluate the upper limit of the con-
tribution which might come from the fourth form
factor, making use of the latest experiments on
elastic ed scattering.w] In this experiment, the
relationship (3) was tested in the momentum trans-
fer interval g = (6.0-20.0) F~? for three scatter-
ing angles and B(q®) came out significantly larger
than the value calculated on the basis of the im-
pulse approximation (the maximum deviation was
by a factor of two at q® = 12F"?%). Since relativistic
effects cannot be essential for the momentum
transfers under consideration, Buchanan and Year-

an'?! have attempted to explain the discrepancy in
terms of the Adler-Drell*10] exchange currents.
However doubts arise as to this interpretation,
since theoretical considerations (unitary symme-
try)““ and analysis of experimental data on pho-
toproduction“” tend at present to a significant
lowering of the photoproduction coupling constant
of the p meson gyrp-

If the hypothesis that T-invariance is violated
is true for electromagnetic interactions, one might
consider the fourth term in (5) responsible for the
indicated discrepancy. Then the experiments im-
ply that the contribution from the term with f31(q2)
in B(g%), in the indicated ¢*-interval, is of the
same order as the contribution from the term with
f,1(q%). Hence, for ¢~ 12 F? it follows that fy
~ 1,

The contribution to A(q?) from both families of
magnetic form factors is small compared to the
electric form factors and therefore the experi-
mental and theoretical data for A(qz) are in fair
agreement. In principle one could, on the basis of
more precise experimental data and a larger num-
ber of experimental points, derive the q2 depend-
ence of the magnetic form factor of the second
kind from elastic ed-scattering experiments.

5. EXPERIMENTS WITH POLARIZED
DEUTERONS

It is however clear, that an exact verification of
the proposed hypothesis is possible in experiments
with polarized particles. There is a possibility of
singling out the contribution of the form factor
f31(q2) in the cross section for scattering of unpo-
larized electrons on polarized deuterons, in terms
of the angle asymmetry:
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where B; is the deuteron target polarization nor-
mal to the scattering plane.

The proposed polarization experiment can be
inverted, i.e., one could measure the recoil deu-
teron polarization for scattering of an unpolarized
beam on an unpolarized target. In this case the
polarization vector of the deuterons will be normal
to the plane of scattering and will have the value
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where

N=pxp/lpxpl

and p and p’ are the momenta of the electrons be-
fore and after scattering. In the point approxima-
tion, if one takes into account the estimate of the
upper limit for f31(q2), one obtains for q2 ~ 12 F~2
a polarization of approximately one percent.

Both effects disappear completely if the elec-
tromagnetic interaction is T-invariant. We note
that the angle dependence of the cross sections (5)
and (8) are different.

The corresponding calculations show that ex-
periments with aligned deuterons are significantly
less effective than experiments with polarized
deuterons, for the detection of a T-noninvariant

form factor.
The authors are grateful to A. M. Baldin, S. V.

Gerasimov, A. B. Govorkov, A. I. Lebedev, S. Ya.

113

Nikitin, V. A. Petrun’kin, and Y. M. Shirokov for
interest in the present work.

1. Bernstein, G. Feinberg, and T. D. Lee,
Phys. Rev. 139, 1650 (1965).

1. Yu. Kobzarev, L. B. Okun’, and M. V. Ter-
ent’ev, ITEF Preprint No. 385, 1965.

3A. A. Cheshkov and Yu. M. Shirokov, JETP 44,
1982 (1963), Soviet Phys. JETP 17, 1333 (1963).

‘M. Gourdin and A. Martin, CERN Report, 1963.

5V. M. Dubovik, YaF 2, 487 (1965), Soviet JNP
2, 351 (1966).

8 M. Gourdin, Nuovo Cimento 36, 1129 (1965).

TA. A. Cheshkov, JETP 50, 144 (1966), Soviet
Phys. JETP 23, 97 (1966).

8V. M. Dubovik and A. A. Cheshkov, JETP, in
press.

9C. D. Buchanan and M. R. Yearian, Phys. Rev.
Lett. 15, 303 (1965).

YR, L. Adler and S. D. Drell, Phys. Rev. Lett.
13, 349 (1964).

11y, A. Meshcheryakov, L. D. Solov’ev, and F. G.
Tkebuchava, JINR Preprint R-2171, 1965.

12M. I. Adamovich, V. G. Larionova, A. I. Lebe-
dev, S. P. Kharlamov, and F. Ya. Yagudina, JETP
Letters 2, 490 (1965), transl. p. 305.

Translated by M. E. Mayer
21



