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ABSTRACT

“Nuclear spin dependent. P-odd efiects in atomic cesium
are calculated. The detection ol these efiects will allow
to determine the nuclear anapole moment.
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. Up to now only parity nonconserving effects independent of
nuclear spin have been observed in atomic experiments. The point is
that in heavy atoms where the experiments are going on, P-odd cor-
relations dependent on nuclear spin are smaller than those observed
roughly by two orders of magnitude.

In heavy atoms the nuclear spin dependent parity nonconserving
effects -were shown [l —3] to be induced mainly by the so-called
anapole moment of a nucleus, its P-odd electromagnetic characteris-
tic. Therefore, the measurement of these effects would give extre-
mely valuable information on parity nonconserving nuclear (orces.

P-odd interaction with nuclear spin leads to some difference in
the magnitude of P-odd effects at different hyperfine (hi) compo-
nents of optical transitions [4]. The experiments that are going on
now in this field are aimed at the search for such differences. In
particular, in the experiments with cesium the [first limits on the
corresponding dimensionless constant =, ol electron-nucleus interac-
lion were obtained:

| xgl << 100[5], o= —22]6]. ' (1)
The theoretical prediction for this constant in the case of the nucle-
s i {21

®e=0.25—0.33. (2)

The Tirst atomic calculations ol the effects discussed were pre-
sented in [4]. In conneclion with the experiments aclively carried
oult now, more careful calculations of these eifects are relevant. In
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the present work such semiempirical calculation is performed for the
highly forbidden transition 6s,, —75,, in cesium. Use of more accu-
rate values for the radial integrals ol El transitions, and correction
of the values of wave functions at r—0 grounded on the hi-comn-
stants values, have led to results that for two of the four hf transi-
tions differ considerably from the numbers obtained in [4].

9. We start from the considerations of the radial integrals of El
transitions. For the transition 6s—6p,,, this integral is known expe-
rimentally with good accuracy and constitutes (in the units of the
Bohr radius a) [7] 4 -

For two other transitions that give large contributions to the effect

discussed, only the values of p averaged over the line structure of
p-level are known experimentally: -

p(7s,6p)=>5.45(3)|8|;

p(7s, 7p)= —12.30(3)[9]. A(4)

To obtain the values p(7s, np,,,) of interest to us, we take into ac-
count following [10] the admixtures to the nonrelativistic radial
wave function of a p,, electron from other p,, states due to the
spin-orbit interaction. o

In this way we get

[T L
2 YAGp) A
(75, 6py2)=p(Ts. 6p)+ = Z E{v (6p) Alnp)

'?:s,n 5
”mlﬁ)"_ﬂﬁpw} 3 P:‘ ' (5)
n=7

where A(np) is the line-structure interval of an np level. Due-to ra-
pid decrease of p(7s, np) with n, the lion's share of the sum in (5)
is given by the term with n=7. The contribution of the term with
n=8 constitutes about —0.01. The total contribution of other terms
of the sum is estimated not to exceed 0.01 and is included into the
error of the final answer which constitutes

p(7s,6p, 2)=5.19(4). (6)
Analogously we get

o(7s,7p, jp)= — 12.42 (4) . (7)

These numbers agree with the careful Hartree— Fock calculations

[11] and with the results of a phenomenological analysis presented
i [12}: |
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We pass now to the discussion ol the mixing ol the oppbsite pa-
rity levels caused by the interaction of electron with nuclear ana-
pole moment. In the gquasi-classical approximation for the wave fun-
ction of external electron the matrix element of the mixing can be
written as (see. e. g., [13]).

Gm2a’Z’R

. ¥ gyl . BB (8)
V2 m{vsvp)? 't 3

i
g

(12| H| prppd =t

Here G is the Fermi weak interaction constant; m is the electron

i el
mass; o= o Z is the nuclear charge; y= \/l_Zgag; vs, vp are the

effective principal quantum numbers of the mixing states; R is a re-

'lativistic enhancement factor which equals 2.8 for cesium; / is the

nuclear spin; I{:{—ler'”_![.-’—}—i/Q); [ is the orbital angular mo-
mentum of the exiernal nucleon; j is the operator ol the electron to-
tal angular momentum. We shall supplement (8) with correcting
factors that account for the deviation of the true value of | (0)]
from the quasi-classical one. These factors are found from the com-
parison of the experimental yalues ol the hi constants with their va-
lues found in the same quasi-classical approximation. Those factors
constitute 1.024: 0.974; 0.877; 0.859 for 6s, 7s, 6p,n, 7P, States res-
pectively. |

As to the coniribution to the effect from the admixtures of
higher p-states, we use for them the results of numerical calcula-
tions of Ref. [4]: The error of the total contribution of the admixtu-
res of the states np,,, n=8, is estimated to be 10% for each of the
levels, 6s and 7s.

Table
FlF {EDE R f(ieana)|- 10" E N /(2 (EDEE %
5l 3 0.59 (3) 3.1
3|4 1.73 (4) —5.2
403 1.96 (4) 5.9
4|4 0.68 (4) —24

3. The results of the calculation of the reduced matrix elements
(E1)ji; for the discussed P-odd El transition 6s 9, F—>T7s1yy, F’ are
presented in the Table. They dilfer considerably from those obtained
in [4]. For the transitions with F'=F the difference reaches 40%.
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[{ should be noted that for the comparison the numbers from [4]
ohtained for the neutral current constant », should be multiplied by
K/(1/2—K)y=—8/7.

The indicated errors correspond to the direct addition of the er-
rors in (6), (7) and the above mentioned error for the contributions
of higher stales. For the transitions with F'=£ F where the latter
contributions add up, their error constitutes 109, but for the transi-
tions with F'==F where there is a considerable cancellation between
them, their error reaches 60%. Such an estimate of the total accu-
racy seems reasonable in the situation when there is also an error
from [ (0)| that may constitute some percent,

Note that found in this way amplitude of the P-odd transition
due to the weak charge Q ol the cesium nucleus

(ENE = —0.94(5) 10~ '"(—Q/N)iea, -l
(N=78 being the number of neutrons in "*Cs nucleus) agrees with

the results ol the most accurate Hartree —Fock calculations that
give for the coefficient in this amplitude the values

_0.886[14];  —0.89(2)[15]. (10)

The result (9) coincides with that of Ref. [12], the latter in the
same units being

—0.935+0.0240.03 . (11)

This coincidence is quite natural since our approach by its spirit and
in some details is close to that used in [12] for the calculation of
(E1)°.

Note that the assumption is inherent in our approach that the
mixing of levels is of one-particle nature and that the values ol
1p(0)| both for P-odd eifects dependent on nuclear spin and inde-
pendent of it are effectively the same. Then the amplitudes (E1Y i
interest to us can be obtained at F'=F from (E1} directly by a tri-
vial calculation. If more accurate value (10) is used for {Elf, we
gel for (E1), the coellicients:

g b= Fi=g

at F=F=4

0.56(2)
0.64(2),
instead of 0.59 (3) and 0.68 (4) in the Table correspondingly.
We indicate also in the Table the ratio in percent of the reduced
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matrix element (E1}; to the corresponding reduced amplitude (E1 )i
the latter being calculated from (10) atl — Q/N=0.944. The t*xpér;:-
ted magnitude of the discussed eifect at »x,=0.25 reaches 1%.

~~ The authors are grateful to V.V. Flambaum and O.P. Sushkov
for valuable discussions.
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