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ABSTRACT

The existence of the difference between the hyperfine
structure constants in optical isomers due to the parity non=
conserving nuclear spin-dependent weak interaction of an elec-—
tron with nucleus is demonstrated in a model. For heavy radi-
cals with Z ~ 80 the effect may exceed 10 Hz, so that
its observation is sufficiently realistic with modern experi-

mental technics.

-

P=0odd energy difference between optical isomers is under
discugsion already for meny years. The full list of papers
concerning this topic is too large to be presented in this
short note. Unfortunately, neither of discussed phenomena of
this kind has been experimentally discovered up to now.

In the present work we consider the contribution to the
energy difference between isomers caused by the P-odd nuclear
spin-dependent intersction of an electron with nucleus. This
effect was discussed previously in Refs,. [1,2}. In the first
of them (see also Ref. [3]) the possibility to observe the
corresponding energy difference in optically isomeric crystals
by means of the Mossbauer effect was considered. In the second
one the order of magnitude estimates were given for the
P-odd effects in optical isomers, both in molecules and radi-
cala, with and without magnetic field.

The present note pursues two aims. The first is to demon-
strate in a simple model the existence of the P-odd energy
difference between optical isomers caused by the weak interac=-
tion of an electron with nuclear spin. Second, I wish to turn
attention to the fact that the observation of the effect in
radicals with a heavy atom is sufficiently realistic with mo-
dern experimental technics.

As to the first aim, such a model consideration seems to
be appropriate at least because the very existence of such ef-
fects was questioned repeatedly. We shall use here the sgame
model of a molecule that was used in Refs. [1,3] to demonatra-
te the existence of the nuclear spin-independent splitting.
Suppose a heavy atom with external electron in the fﬁag
state is surrounded by three other atoms that differ both from
it and from one another. The interaction with one of the neigh-
bouring atoms, which we shall call atom 3, is teken into acco-
unt by assuming that the levels having different
moduli of & projection of the angular momentum onto the
axis passing through the heavy atom and atom 3 are not degene-
rate, We shall consider the fields of the other two neighbou-~
ring atoms (more, precisely, ions) as the Coulomb perturbati=-
ons with the charges Z{ and Z.z . Since the weak interaction
of an eleciron with nucleus mixes the states 5., and 0.,
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only (see, €.g8., Ref. [3}}, just these states should be admi-
xed at any rate by the Coulomb perturbation to the initial one
[ B3, /u) . The state arising when these admixtures
are teken into account looks as follows [1,3]:
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Here E and E are the energies of the admixed S5 a,nd/é
states reckoned fI‘Gm the initial ;é,{@ level; A —Mﬂf
is the Rydberg congtant; K, are spherical functions; the
g 5 e .

expressiona ( ’ are 3; symbols., The quantities

Q{, { ) ﬁconespond to the multipoles of the Coulomb
field of the ions 1 and 2, they are expressed in the following
way through the nonrelativistic radial wave functions /?;@
and '?‘Zz for the ground and edmixed states of the heavy atom:
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Q (z.)= /a/fz /f’ (2 )%, /f}/gé% Hf,+ /o — fz/...—?]
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Here a is the Bohr radius.

consider now the wave functions of the molecule taking
into account megnetic hyperfine (hf) interaction. It can be
eagily seen that at y hs 3!2 this interaction, being &
vector both in electron and nuclear varisbles, does not mix to
the zeroth order in the Coulomb perturbation é) different
statea of the kind
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where 1' L ;.J} are wave functions of a nucleus with angular
momentum I and its projection V . It means that with the
accuracy of interest to us the molecular wave function with hf
structure taken into msccount is described by the expressions
(3). Note that tme hf splitting at 4 = * 3/2 to the zeroth
order in &7 is

-/4/U U " (4)

where /4 ig a constant.

At At = 2 '1;’2 the hf interaction mixes the satates
’P.?f.z" 1{’2) ]I, v',}. and ,IPJ&, - 1;"2) 11, ¥ +‘l>
to the zeroth order in CQ already s¢ that the molecular wave
function is not factorized in electron and nuclear variables.
This case is somewhet more complicated then = ‘- 3!2, and
we do not consider it here.

We pass now to the parity nonconserving nuclear spin-de-
pendent interaction of an electron with nucleus. As it was
shown in Refs. [4,5], it is caused mainly by the electromagne-
tic interaction of the electron with P-odd anaepole moment
(em) of nucleus. This interection can be presented as

G A/I ekt Y I-.r-%—f +_f
Helone BB s1a) K= 1) M)

Here (0 1is the Permi week interaction constant; £ 1s the
orbital angular momentum of the external nucleon in the nucle=-
us; o« 1is the Dirac matrix of an electron; ¥, is s dimensi-
onless characteristic of the am, in heavy nuclei with odd Z
it is close to 0.3. The matrix element of the mixing of the



gtates J}Q and fﬂﬁz due to this interaction constitutes (see,

E"E'i [3]:‘
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Here 4 1is the electron mass, o = 1;‘13?, ro== \ff-Zfa(‘?,%
and V, are the effective principal quantum numbers of the
mixing states, K is a relativistic enhancement factor close
to 10 at 7 ~ 80. Now by means of elementary calculationa
one can get the following expression for the discussed correc-
tion to the energy of the molecule:
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In essence, this quantity is just a pseudoscalar correctiion to
the constant A of the molecular hf structure (cf.(4)),

a correction which aign depends on the molecule being a right
or left isomer.

Having demonstrated by this example the existence of the
digcussed effect, we turm now to the second question, concer-
ning the feasibility of its observation. The order of magnitu-
de estimate of the aplitting looks evidently as follows:
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where & 1is a characteristic angle of the twist that distin-
guishes & right molecule from a lefi{ one. Numerically at
7 ~—~— 80 the d73cussed effect constitutes

AE ~ (10— 100) Hs - 2. (9)
We try to be cautious in this estimate, so that the value (9)
proves to be 10-100 times smaller then the corresponding esti-
mates in Refs. [3-3}. Nevertheless, the measurement of frequen-
cy splitiing at the level of 10 Hz in the transitions between
the hf structure components seems to be a sufficiently realis-
tic task. It should be stressed however that the estimate (9)
refers to a radical as an optical isomer. In the case of a mo-
lecule where total electron angular momentum is zero, the mag-
nitude of P-odd nuclear spin-dependent splitting is much smal-
ler [2}.

Tt is necessary here also that the wave function of the
odd electron in a radical should be sufficiently localized on
the heavy centre, first, and should feel the structure asymmet-
ry, second.

The observation of the discussed effect would be extremely

interesting not only by itself. It would allow to discover
P-odd nuclear moments-—anapoles that have not been observed up

+to now. In principle a possibility arises to compare the am of

different isotopes, and molecular calculations are not necessa-
ry for such a comparison, evidently.
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ong, and to E.T.Lippmas also for the insistent advice to pub-
lish this note.
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