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Core-polarization contribution to the nuclear anapole moment
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The importance of core contributions to the anapole moment in nuclei is examined. A model of the core-
polarization correction is presented. The model is based on the coupling of the valence particles to the
spin-dipoleJ512 giant resonances of the core. A shell-model calculation of this correction is presented. The
single-particle moments are calculated with Woods-Saxon and Skyrme Hartree-Fock radial wave functions,
and the general issues associated with nuclear configuration mixing are discussed.@S0556-2813~99!00608-1#
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I. INTRODUCTION

The recent observation of the anapole moment in133Cs
@1# has spurred considerable interest in this subject. As
marked@2#, this is the first observation of a static mome
that is due to the violation of reflection symmetry. The ex
tence of the anapole moment was suggested by Zeldovich@3#
early after the discovery of parity violation inb decay.

The anapole moment exists in the situation when parit
violated but time reversal is preserved. Pioneering calc
tions of the anapole moment were done in Ref.@4#. It was
suggested that the anapole moment could provide infor
tion about the nature of the nucleon-nucleon (N-N) parity
violating force, in particular about thep and r exchange
contribution to the weakN-N interaction. One of the imme
diate applications of the recent133Cs measurement was th
attempt to try and deduce the pion-nucleon weak coup
constantf p @2,5#, by comparing the value of the measur
anapole moment with the one calculated using a pure sin
particle model. This comparison leads to a value forf p that
exceeded by a factor 4 the value deduced from a hadr
parity violating measurement in18F @6#. At present this con-
troversy still exists. In this paper we wish to examine the r
of core polarization and calculate its contribution to the v
ues of the anapole moment. Some work in this respect
been done in the work of Refs.@5,7#. Our calculations are
analogous to the calculation of effective charges in nucle
concept well rooted in the field of nuclear structure.

The anapole operator is given by@1,8#

â52pE drW r 2 jW~rW !, ~1!

where jW(rW) is the nuclear electromagnetic current density
has been found@4,7,8# that the dominant part of the anapo
operator stems from the spin part ofjW(rW) and is given by

âs5
pem

m
~rW3sW !, ~2!
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wherem is the nucleon magnetic moment,m is the nucleon
mass,sW is the nucleon spin operator, andrW is its coordinate.

For the nucleus we write this part of the anapole opera
as

âs5
pe

m (
i 51

A

@m1~mp2mn!tZ~ i !#~rW i3sW i !, ~3!

wherem5(mp1mn)/2, mp , mn are the proton and neutro
magnetic moments in units of nuclear magnetons, andtZ is
the Z component of the isospin operator (tZ for a proton is
1 1

2 , and for a neutron2 1
2 ). The sumi is over all nucleons in

the nucleus. The operator written in vector spherical harm
ics and in terms of a tensor coupled product is

rW i3sW i52 iA2A4p

3
r i@YL51~ r̂ i ! ^ sW #DJ51, ~4!

which is the DJp512, L51, S51 spin-dipole operator
@9#. The anapole operator in Eq.~3! involves therefore, the
isoscalar and isovectorJ512 spin-dipole operators.

The distribution of isovector spin-dipole strength w
studied extensively both experimentally and theoretica
@10# in the 1980s and there is a considerable amount of
formation about the isovector spin-dipole strength distrib
tion. For the isoscalar spin-dipole there is little informatio

The anapole moment is defined as the expectation v
of â:

a5^cuâuc& (Jz5J) , ~5!

wherec is the ground state wave function of the nucleus
is clear that since theoperator â is odd under parity opera
tion and time reversal operations (P odd, T odd! for a spin
nonzero nuclear state,a will be nonzero only if parity mixing
occurs in the wave functionc. ~Note that one does not nee
time reversal violation in this case because the operatoâ
contains, unlike, for example, the electric dipole, the s
operatorsW . The anapolemomenttherefore isP odd andT
even.!
©1999 The American Physical Society01-1
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II. GENERAL FORMALISM

A. Single-particle contribution

Let us consider a nucleus with a particle occupying
orbit j 1 with positive parity.~The consideration that follows
can be made by starting with a negative parity statej 2 and
interchanging simply the1 and2 indices.! The ground state
in first approximation can be written as

uf1&5u01 j 1&. ~6!

(01 denotes the ground state spin of the core.! Consider now
a negative parity orbit with the same spinj but opposite
parity and lying above thej 1 orbit. We denote this orbit as
j 2 :

uf2&5u01 j 2&. ~7!

In general the negative parityj 2 orbit will be energeti-
cally about 1\v abovej 1 . A parity violating force will mix
the two and we will have

uf18 &5u01 j 1& j1h0u01 j 2& j , ~8!

with

h05
^f1uWuf2&

e22e1
, ~9!

whereW is the parity violating interaction ande1 , e2 are
the single-particle energies. We should remark here thatW is
the effective parity violating interaction and may includ
also some many-body contributions, such as the excitatio
the 02 spin dipole@11#. The anapole moment from this ad
mixture is

asp
(part)55^f18 uâuf18 &52h0^0

1 j 1uâu01 j 2&. ~10!

In addition to the single-particle contribution involvin
the j 2 orbit that is above the givenj 1 orbit, there is the
equally important contribution of the orbit with spinj equal
to j 1 but of negative parity lying 1\v below the orbitj 1 .
We denote this orbit asj 2

21, indicating that it is a hole state
The ground state configurationu01 j 1& will mix with the
two-particle–one-hole~2p-1h! configurationu01 j 1

2 j 2
21&:

uf̃81&5u01 j 1& j1h̃0u01 j 1
2 j 2

21&. ~11!

The contribution to the anapole of this mixing we denote
asp

(hole) and it is

asp
(hole)5^f̃81uâuf̃81&52h̃0^0

1 j 1uâu01 j 1
2 j 2

21&. ~12!

As mentioned, the contribution of this term is of the sam
magnitude asasp

(part) . The sum of the two,

asp5asp
(part)1asp

(hole) , ~13!

will be considered here to represent the single-particle c
tribution. Let us now advance a bit and include in the wa
function configurations involving excitation of the core.
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B. Core-polarization model

Of the many possible types of core excitations let
single out the componentsu12

^ j 18 & andu12
^ j 28 & involving

single-particle states of positive and negative parity coup
to the spin-dipole resonances~isoscalar and isovector! to
give total spinj. The symbol^ denotes angular momentum
coupling. We will from now on not write this symbol in
order to simplify the notation. Now we have

uc1&5au01 j 1& j1(
j 28

b j 82u12 j 28 & j , ~14!

and

uc2&5āu01 j 2& j1(
j 18

b̄ j 81u12 j 18 & j . ~15!

In the following we will drop the indexj under the kets. For
the sake of simplicity of our presentation let us limit ou
selves to one orbitj 8, taking j 28 5 j 2 and j 18 being the next
higher positive parity orbit afterj 1 . An extension to many
orbits j 8 is immediate but complicates matters and the no
tion. We consider therefore

uc1&5au01 j 1&1bu12 j 2&, ~16!

uc2&5āu01 j 2&1b̄u12 j 18 &, ~17!

b5
^01 j 1uVNu12 j 2&

DEb
, ~18!

b̄5
^01 j 2uVNu12 j 18 &

DEb̄

, ~19!

whereVN is the nuclear interaction.
TheW interaction will mix these two states and the par

mixed ground state will be

uc̃1&5uc1&1huc2&, ~20!

with

h5
^c1uWuc2&

E22E1
. ~21!

Since we expecta@b, we can takeh.h0. We evaluate

^c̃1uâuc̃1& ~dropping the terms quadratic inh0), and take
a.ā51. We find

a52h0@^01 j 1uâu01 j 2&1b^01 j 2uâu12 j 2&

1b̄^12 j 18 uâu01 j 1&#. ~22!

At this point we should note that becauseâ is a one-body
operator, the term involvingb̄ will be zero unlessj 18 5 j 1 .

In this caseuc2&5āu01 j 2&1b̄u12 j 1&. Then the two con-
figurationsu01 j 2& and u12 j 1& might be close in energy~if
1-2
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CORE-POLARIZATION CONTRIBUTION TO THE . . . PHYSICAL REVIEW C 60 025501
the spin dipole is close to its unperturbed position!. The con-
tribution of this state will be large because of a largeb̄;
however, its contribution will be canceled by the nearby
thogonal partner state:uc28 &5b̄u01 j 2&2āu12 j 1&.

Therefore,

a52h0^0
1 j 1uâu01 j 2&3F11

b^01 j 2uâu12 j 2&

^01 j 1uâu01 j 2&
G

[a0@11x#, ~23!

wherex is the core contribution to the anapole moment:

x5

b^01 j 2u( rW i3sW i u12 j 2&

^01 j 1u( rW i3sW i u01 j 2&

. ~24!

C. Simple estimate

We now proceed with some simple estimates, treat
only the isovector spin dipole. First,ue j 12e j 2u.\v (\v
541A21/3 MeV) andE1251\v1DV, whereDV is a col-
lective shift due to the interaction energy of the 1p-1h sta
forming the spin dipole. The denominator in the express
for b is approximately equal therefore toDEb.2\v1DV.
One can rewrite the expression forx as

x5

^01 j 1uVNu12 j 2&^12 j 2u( rW i3sW i u01 j 2&

^01 j 1urW3sW u01 j 2&~2\v1DV!
. ~25!

Proceeding with approximations we may now limit th
(rW i3sW i in the matrix elements of the numerator to the co
nucleons and write

x5

^12u( rW i3sW i u01&

^ j 1urW3sW u j 2&

^01 j 1uVNu12 j 2&
2\v1DV

. ~26!

We first note that the ratio

U ^12u( rW i3sW i u01&

^ j 1urW3sW u j 2&
U.AN ~27!

could be a quite large number depending on the collecti
of the spin-dipole giant resonance. The symbolN stands here
for the effective number of particles that contribute to t
collective spin dipole. This number could be a source
enhancement of the core contribution toa. Let us now esti-
mate the other quantities appearing in Eq.~22!.

The values of the matrix elements^01 j 1uVNu12 j 2& or
^01 j 2uVNu12 j 18 & can be estimated from the value of th
collective shift DV5^12uVNu12&. ~See, for example, the
discussion of particle1core coupling models in Ref.@12#.!
On the averagethe values of the above particle1core cou-
pling matrix elements should be equal toDV/AN whereAN
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is again the number of particles active in the formation of
spin dipole. We may write the estimate

x5
DV

2\v1DV
~28!

denotingl5\v/DV:

x5
1

2l11
. ~29!

For a large collective shift (DV5\v) x is large. In Ref.@9#
the 12 isovector spin dipole is found to be at an energy 2\v,
meaning thatDV.1\v. In this casex. 1

3 . We should stress
that we are dealing with small admixtures of the core sta
The admixtures foru12 j & that are implied here are less tha
1%. It is the factorAN in the spin-dipole strength that make
thex correction sizable. If the collectivity of the spin dipol
is not high, one will findx to be small. Our estimates ar
crude and one must have a more precise evaluation of
contribution of the core. In the next section, we descr
such calculations.

III. SHELL-MODEL CALCULATIONS

A. Matrix elements and operators

In this section we describe details of the single-parti
and configuration mixed anapole moment calculations. T
spin-current contribution to the anapole moment is given

as5^cuâsuc& (Jz5J)5S J 1 J

2J 0 JD ^cuuâsuuc&, ~30!

whereJ is the nuclear spin,~ ! is the three-j symbol, and we
use reduced matrix element convention of Edmonds@14#. In
units where\5c51, the operatorâs is given by

âs5
pe

m (
i 51

A

m i~rW i3sW i !52
iA2p

m
A4p

3
âs8 , ~31!

where

âs85(
i 51

A

m i r i@YL51~ r̂ i ! ^ sW i #
DJ51, ~32!

and wherem i are the nucleon magnetic moments in units
nuclear magnetons,mp52.79 andmn521.91.

It is conventional to relate the anapole moment to a
mensionless constantks defined by@13#

as5
1

e

G

A2

Kks

J~J11!
^cuJW uc& (Jz5J)5

1

e

G

A2

Kks

~J11!
,

~33!

where

K5S J1
1

2D ~21! l 11/22 j . ~34!
1-3
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N. AUERBACH AND B. A. BROWN PHYSICAL REVIEW C60 025501
The l and j in the phase factor are chosen to be those of
dominate single-particle orbital associated withc.

The perturbation expansion of the reduced matrix elem
gives

^cuuâsuuc&522(
f

^cuuâsuuf f&^f f uŴuc&
uDEu

, ~35!

whereŴ is the weak interaction. For the weak interaction w
use the approximation of Eq.~7! of @13#:

Ŵ52
i

m

G

A2
(
i 51

A

gi

sW i

2
•@¹W ir1r¹W i #52

i

m

G

A2
Ŵ8,

~36!

with

Ŵ85(
i 51

A

gi

sW i

2
•@¹W ir1r¹W i #, ~37!

where gp and gn are dimensionless constants represent
the weak-interaction strength between the valence pro
and neutrons, respectively, and the nuclear-matter densir.
The nuclear-matter density is normalized by

E r~r !drW5A. ~38!

Finally, we express the dimensionless constantks in
terms of the matrix elements ofâs8 andŴ8:

ks5
pe2

m2

A2~J11!

K S J 1 J

2J 0 JD
3A4p

3
2(

f

^cuuâs8uuf f&^f f uŴ8uc&
uDEu

. ~39!

Introducing the units of\ and c, the constant in front be
comespe2\2c2/m2c450.199 MeV fm3. The dimension of
the âs8 matrix element is fm and the dimension of theŴ8
matrix element is MeV21 fm24.

In terms of the weak interaction,ks is a linear combina-
tion of the single-particle coupling constantsgp and gn
which we will write as

ks5gpksp1gnksn . ~40!

The total value ofks will be obtained using the values@13#
gp54.5 andgn50 based upon the Desplanques-Donogh
Holstein ~DDH! ‘‘best value’’ estimates@15#. The ultimate
goal of comparing these type of calculations to experime
values fork will be to extract empirical values forgp andgn
and use these to understand the nucleon-nucleon parity
conserving weak interaction. The total value ofk also in-
volves the smaller convection-current contribution~see Eq.
67 of @13#!. In this paper we focus only on the nuclear stru
ture properties of the most important spin-current termks .
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B. Single-particle terms

First we consider the single-particle contributions to t
intermediate states in Eq.~39!. The cases we consider ar
those given in Table 3 of@13#. Specifically we start with
closed shells for132Sn and 208Pb. For 133Cs we take a va-
lence 1g7/2 proton particle relative to132Sn, for 203,205Tl we
take a 3s1/2 proton hole relative to208Pb, for 207Pb we take a
3p1/2 neutron hole relative to208Pb, and for209Bi we take a
1h9/2 proton particle relative to208Pb. We will discuss here
the results based upon densities and radial wave function

the matrix elements ofâs8 andW8 which were obtained from
Hartree-Fock~HF! calculations based on the SKX Skyrm
interaction of@16#. The HF results will be compared to thos
from the Woods-Saxon~WS! potential of@17# for 208Pb and
the interpolated parameter set of@18# for 132Sn.

In Eq. ~39! we sum over all single-particle statesf. The
DE is the single-particle energy difference. This sum
cludes two types of terms:~1! the ‘‘hole’’ term in which the
nucleons in occupied states are excited up to orbitc, e.g.,
1p1/2 and 2p1/2 to 3s1/2 for 207Tl, and~2! the ‘‘particle’’ term
in which the nucleon in the orbitc is excited into unoccu-
pied statesf, e.g., 3s1/2 to np1/2 with n>3 for 207Tl. In the

oscillator limit therW matrix element is nonzero only for th
intermediate states which are 1\v away, e.g., 2p1/2 and
3p1/2 for 207Tl, and we find that with the more realistic H
and Woods-Saxon radial wave functions, these ‘‘1\v ’’
terms are the only important ones. In cases where the u
cupied states are loosely bound or unbound, their radial w
functions are calculated by adding an external square w
potential with a radius of 14 fm and a depth of 20 MeV
the HF potential. This has a negligible effect on the HF s
lution, but gives the unbound states a realistic excitation
ergy as well as an exponential falloff at a large distan
which is similar to the bound statec. The results are no
sensitive to the exact values for the depth and radius of
external potential as long as it is sufficiently deep to bind
orbits and sufficiently large to not affect the HF bound st
solution. The many-body aspect of the problem introduces
extra phase factor of21 for the ‘‘hole’’ term in Eq.~39!.

The HF and WS results are given in Table I. The W
results for the particle plus hole contributions are very clo
to the WS results given by Dmitrievet al. @13#. Furthermore,
the HF results are very similar to WS. Most of the differen
between HF and WS is due to the difference in the sing
particle energy denominator of Eq.~39!.

C. Core-polarization correction

Next we consider the admixture of particle-hole states
208Pb. The calculation is based on the model space show
Fig. 1 of @19# which for the 208Pb closed shell has 1g7/2,
2d5/2, 2d3/2, 3s1/2, and 1h11/2 filled orbits for protons,
1h9/2, 2f 7/2, 2f 5/2, 3p3/2, 3p1/2, and 1i 13/2 empty orbits for
protons, 1h9/2, 2f 7/2, 2f 5/2, 3p3/2, 3p1/2, and 1i 13/2 filled
orbits for neutrons, and 1i 11/2, 2g9/2, 2g7/2, 3d3/2, 4s1/2,
2g7/2, 3d5/2, and 1j 15/2 empty orbits for neutrons. We not
that this model space includes the necessary orbits for
1-4
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TABLE I. Single-particleks values for the anapole moments.

Nucleus Single particle Contribution uDEu (MeV) ksp ksn ks

207Tl 3s1/2 WS hole 7.63 0.042 0.188
WS part 7.89 0.064 0.287

WS hole1part 0.106 0.475
HF hole 8.32 0.038 0.169
HF part 8.67 0.058 0.259

HF hole1part 0.095 0.429
207Pb 3p1/2 WS hole 7.89 20.044 0.0

WS part 6.29 20.046 0.0
WS hole1part 20.090 0.0

HF hole 7.83 20.044 0.0
HF part 6.64 20.044 0.0

HF hole1part 20.088 0.0
209Bi 1h9/2 WS hole 11.44 0.062 0.281

WS part 7.36 0.024 0.106
WS hole1part 0.086 0.386

HF hole 11.43 0.063 0.283
HF part 9.10 0.019 0.073

HF hole1part 0.079 0.356
133Sb 1g7/2 WS hole 12.47 0.048 0.216

WS part 7.87 0.023 0.103
WS hole1part 0.071 0.319

HF hole 12.80 0.047 0.210
HF part 9.62 0.017 0.077

HF hole1part 0.064 0.287
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‘‘particle’’ admixtures in 207Th and 207Pb and thus we will
focus our calculations of the spin-dipole correlation effe
on these two nuclei.

The G matrix of Hosakaet al. @20# was used for the re
sidual strong interaction, and the single-particle energ

FIG. 1. B(E1) andB(a) strength distributions in208Pb obtained
with the unperturbed 1p-1h wave functions.
02550
s
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were fixed to reproduce the experimental single-particle
ergies as given in Fig. 1 of@19#. The use of theG matrix of
Hosakaet al. for the 208Pb and its comparison with otherG
matrix interactions is discussed in@19#.

For the 12 states of interest here there are 27 particle-h
configurations. One of these is spurious and it was remo
from the spectrum by using the method of Glockner a
Lawson @21# of applying a center-of-mass Hamiltonian
raise the energy of the spurious state and remove its e
from the low-lying states of interest.~Even though this is a
large model space, there are six dipole excitations miss
space, e.g., 1h11/2 to 1i 11/2 for protons.! We show in Fig. 1
the single-particle dipole and spin-dipole responses for tr
sitions to 12 states in 208Pb. Specifically, the spin-dipole
strengthB(a) is given by the reduced matrix element ofâs8 .
The unperturbed results shown in Fig. 1 were obtained us
the single-particle energies of@19# and with the center-of-
mass Hamiltonian, but with no residual interaction. Wh
the G matrix of Hosakaet al. is used, the dipole strengt
moves from its unperturbed position of 7 –8 MeV to a co
lective state at 11.7 MeV. The experimental giant dipole
208Pb @12# lies at about 13.5 MeV with an energy weighte
sum-rule strength of about 100% of the classical sum-r
value of 14.8NZ/A5735 e2 fm2 MeV. The total experimen-
tal B(E1) strength is thus about 54e2 fm4 and the total
1p-1h strength in our calculation is 88e2 fm4. The results
for the dipole and spin-dipole strength functions are sho
in Fig. 2. We note that the spin-dipole strength is collect
and is pushed up in energy compared to the single-par
1-5
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N. AUERBACH AND B. A. BROWN PHYSICAL REVIEW C60 025501
limit of Fig. 1, but it is not as collective as the isovect
dipole. The levels for the low-lying mixed 1p-1h states
208Pb obtained with theG matrix interaction are in excellen
agreement with experiment, within typically 130 keV@22#.

Next we recalculate the ‘‘particle’’ anapole matrix el
ments for207Th and 207Pb by using ground state wave whic
include mixing from the 1p-1h states in208Pb. For example,
for 207Th, this admixture consists of the 3p1/2 particle
coupled to all of the 1p-1h states. Since this is a ‘‘2\v ’’
admixture, the spurious center-of-mass motion can only
removed approximately. Its strength was chosen so that
mostly nonspurious admixed states were stabilized aro
8–20 MeV excitation energy above the single-parti
ground state, whereas the mostly spurious state was pu
to about 100 MeV excitation energy. If the spurious state
not removed, it comes at a very low excitation energy a
mixes strongly with the single-particle ground state. On
other hand, if the center-of-mass Hamiltonian is too stro
all states are moved up too high~because of their small bu
nonzero spurious component! and there is no mixing of the
nonspurious components of interest with the single-part
state.

The results are given in Table II next to the column
beled ‘‘HF part1CP.’’ It turns out the effect of the core

FIG. 2. B(E1) andB(a) strength distributions in208Pb obtained
with the mixed 1p-1h wave functions.
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polarization is rather small, resulting in about a 10% red
tion for 207Th and a 5% enhancement for207Pb. These core-

polarization corrections arise from both theâs8 andŴ8 ma-

trix elements in Eq.~39!, but the dominant effect is on theâs8
term. The core-polarization admixture in the ground state
only about 1%, yet the effect is rather significant. These c
culations indicate that the core polarization is not too lar
but not negligible. The calculations for the core-polarizati
contributions might be expanded in future work by using
perturbation approach.

D. Configuration mixing and comparison to experiment

The final step for the anapole moment calculations will
to go from the ‘‘single-particle’’ nuclei around132Sn and
208Pb to the multi-valence-particle configurations involved
those nuclei where measurements have been carried ou
particular for 133Cs and205Th. The main complication here
is that the anapole moment will consist of a linear combin
tion of diagonal ~e.g., ^cuuâuuc&) and off-diagonal~e.g.,

^cuuâuuc8&) reduced matrix elements within the valen
space.

Good shell-model Hamiltonians exist for205Th @23#. It is
known in this case@23# that the diagonal matrix element fo
the 3s1/2 orbit gets reduced by about 0.80 compared to
value in 207Th due to configuration mixing. We have use
the HF wave functions to calculate all of the single-partic
anapole matrix elements involved in the205Th ground state.
When these are combined with theDJ51 one-body transi-
tion densities for the205Th ground state, the anapole mome
comes out be 0.40, close to the 3s1/2 single-particle value. As
mentioned, the diagonal matrix element is reduced, but
smaller off-diagonal terms give some enhancement wh
cancels out the reduction. The core-polarization correct
considered above would reduce this to about 0.35. To ob
the final value of the anapole moment we add the additio
~smaller! term from the convection-current contribution a
given in Table 3 of Dmitrievet al. @13# which is about
20.09. The total calculated anapole moment is thus ab
0.24, which should be compared with the experiment va
of 20.2260.30 @24#. The agreement is fair given the larg
experimental error.

The single-particle value for the spin contribution to t
anapole moment for133Sb from Table I is 0.29 which, when
added to the convection-current contribution from Table 3
Dmitriev (20.05), gives a total anapole moment of 0.2
This is in fair agreement with the results of 0.3660.06 de-
duced in@2# on the basis of atomic physics consideratio
TABLE II. Core-polarization~CP! corrections for the anapole moments.

Nucleus Single particle Contribution uDEu ksp ksn ks

~MeV!

207Tl 3s1/2 HF part 8.67 0.058 0.259
HF part1CP 8.67 0.053 0.004 0.239

207Pb 3p1/2 HF part 6.64 20.044 0.0
HF part1CP 6.64 20.001 20.046 20.006
1-6
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from the experiment on133Cs atoms@1#. However, one can-
not make a final comparison between theory and experim
until one has a calculation for the core-polarization contrib
tion as well as for the structure of133Cs. A Hamiltonian for
this mass region has been developed and applied to the
netic moment of137Cs @25#, where one finds that the diago
nal 1g7/2 term is within a few percent of its value in133Sb.
However, for133Cs the spherical dimensions involved in v
lence space are extremely large~on the order of 109) and one
will have to explore the use of the deformed single-parti
model or the shell-model Monte Carlo method in order
carry out a reliable calculation.

IV. CONCLUSIONS

We have investigated anapole moments in heavy nucle
the framework of shell-model configuration mixing. Th
single-particle anapole moments are broken down into t
components coming from the weak-interaction mixing
particle and hole terms. The sum of these terms calcula
with Woods-Saxon radial wave functions are close to
values obtained by Dmitrievet al. @13#. We have also evalu
L

rt

a

.

02550
nt
-

ag-

e

in

ir
f
ed
e

ated these matrix elements with Skyrme Hartree-Fock ra
wave functions and the results are similar to those obtai
with the Woods-Saxon potential. We discuss the gene
principle behind the core-polarization corrections to the a
pole moment. Specific calculations are carried out for208Pb
with a G matrix interaction which incorporates realistic co
lective states for the spin-dipole excitation. The co
polarization corrections for the ‘‘particle’’ contributions i
207Th and 207Pb turn out to be on the order of 10%, not ve
large, but not negligible. The single-particle matrix eleme
which we could consider in these calculations were, ho
ever, limited, and it would be desirable to carry out mo
extensive calculations along these lines. We have also m
a configuration mixing calculation for the anapole mome
of 205Th which gave a value close to the previous sing
particle estimate and in fair agreement with experiment.
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