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A simple relationship between the one-body and exchange-current contributions to the
axial charge operator may allow a separation of these amplitudes in the 3-decay transition
BNe@™=0%1) ~8F@™=0"0). Since the exchange-current operator is related by isospin
rotation to the pion-exchange component of the parity-nonconserving nucleon-nucleon po-
tential, this suggests that the parity-nonconserving pion coupling can be extracted, with
minimal dependence on nuclear models, from circular-polarization measurements for

the analog v decay in *F,

PACS numbers: 23.40.Bw, 23.40.-s, 21.30.+y, 27.20.+n

Strong arguments have been made for the im-
portance, in the study of exchange currents in nu-
clei, of transitions between J"=0"* and 0~ states.
First, because of the weakness of “background”
terms involving isobars and heavy mesons, soft-
pion theorems provide a model-independent de-
scription of the leading exchange-current contri-
bution to the axial charge operator.! Second, the
range of the resulting pionic currents is sufficient
so that conventional nuclear physics treatments,
with the effects of short-range correlations in-
cluded perturbatively, should be adequate. And
third, since the single-nucleon contribution to the
axial charge operator enters only in order (p/M),
the exchange-current influence on observed 0+
—0" B decay and muon-capture rates can be un-
usually large.

In this Letter, I consider the B decay of the J"T
=0*1 ground state of '®Ne leading to the 070 1.08-
MeV state in !8F, A great deal of effort has been

expended in searching for this weak-decay branch,?

culminating in the measurement of Adelberger
et al. reported in the preceding L etter.® The rea-
son for this strong interest is that the dominant
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amplitude responsible for the parity-nonconserv-
ing (PNC) mixing of the 070 and analog 0*1 (1.04-
MeV) levels in !8F is related to the exchange-cur-
rent contribution to the S-decay operator by iso-
spin rotation. Thus, on the simplest level, this
B-decay branch provides an important test of nu-
clear wave functions used in estimating PNC ef-
fects in '®F, Wave functions used in recent cal-
culations®® fail this test for reasons that will be
clarified in this Letter. More importantly, a
simple relationship depending only on gross fea-
tures of the nucleus is shown to exist between the
strengths of the leading term in the one-body S-
decay amplitude and the exchange current. The
reported measurement? thus provides a direct
estimate of the PNC potential matrix element. A
constraint on the PNC pion coupling independent
of nuclear models then follows from the current
upper limit on the y-ray circular polarization in
IBF.

The differential rate for a nucleus to g-decay
via a2 0* —0" transition is determined by multi-
pole matrix elements of the axial charge and
longitudinal current operators.® These multipole
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operators can be written
9,0 =(4m) "2 [ d3xj( k)5,
o°=(4m) V2 [a3x[Vj(kx)] - o),

with « the magnitude of the nuclear three-momen-
tum transfer and with § 5(x) (Js(x ), js(x )) the
axial hadronic current den51ty The longitudinal
current multipole is first forbidden. The hadron-

(1)

ic current density consists of one-, two-, and, in J

EACIMEIN _ér.(i)c?(i) A[B()/M]6E - %))+ 8(X XY [Bla)/M]} = i [H, §ps),

[35(§)J(I,=3(£)+v¢ps(:ﬂ,

principle, up to A-body amplitudes operating in
the nuclear Hilbert space. In the present work,

'}:)5(’?) ~ [jos(’-{)] ¥t [jos(i)](z),

5@y~ [F)] - (2)

That is, two-body exchange-current contributions
to the dominant axial charge operator are in-
cluded.

The one-body current densities are®

(3)

where A FAE AT()0(5)0(X =X, ;) and gops—(F / |ing matrix elements reduced in spin only)

2MF,)V+A. Here F,=-1.23, F,= 2MFA/m1, , H
is the nuclear Hamiltonian, and 7.=3(7, - £7,).
Doubly reduced matrix elements of the resulting
one-body components of the operators in Eq. (1)
can be expressed conveniently in terms of the
one-body density matrix ¥4

(0 0" 0(1)” 0%1)= E‘/’as(a“ 0(1)" B). (4)

This relation is exact if the sums extend over
complete sets of single-particle wave functions.
Choosing an harmonic-oscillator basis with oscil-
lator parameter b (= 1.7 fm) yields” (with | denot-

1 - - - - - -
B=3[V3y 19,/5181/2 2y 2~"1/21P1/2+(10)1/21p lag/p10 g/, " vy 201/9281/2 29 2’3/2“’3./2+(21)1/2¢y 1f5/218

where 3" 45=¥,5— Y5 The very simplest model
of the ®Ne g decay would retain only the ¥, s1/3101/5
contribution,

As was mentioned previously, the one-body axi-
al charge operator is intrinsically weak because
of the dependence on p/M. I now discuss two sets
of nuclear wave functions similar to those used in
recent studies*® of parity nonconservation in !8F
which show that nuclear-structure effects gener-
ate additional suppressions of the p-decay ampli-
tude. The first allows all possible 0%Zw and 17w
configurations to contribute in the descriptions of
the positive- and negative-parity states, respec-
tively. Thus a large model space (1p-2s1d-2p1f)
and nonspurious wave functions are employed,
but the effects of multiple-particle-hole correla-
tions are omitted entirely (so that ¥~ z=v45).
The effective interaction for the 2s1d shell is
taken from Kuo and Brown,® while cross-shell
matrix elements are taken from Millener and

O]l (ame) ey 10
= (- 2i/bM)[F,/(47)"2] [B+ O(y"?)],
07 lI(£M) ey 110%) = O(52),

where yY/2=kb/2 =0.01 is small because of the
low-energy release in the !®Ne 8 decay. Though
complete calculations of these matrix elements
have been performed, this dominant coefficient B
provides a convenient basis for comparing differ-
ent treatments of the nuclear structure in mass
18. Note that if a shell-model approximation to
Eq. (4) is employed in which nuclear wave func-
tions of arbitrary complexity are allowed in the
1s-1p-2s1d-2p1f space, then

(5)

1,

5/2

Kurath and from the bare—-g-matrix results of
Kuo.? The resulting B=0.140 is considerably re-
duced over that obtained from %, ., . alone
(Bgf“’;'fg‘;’z =0.275), because all of the Smaller
density matrix elements interfere destructively
with that dominant term. The second model cal-
culation is performed with Zuker pds wave func-
tions!® in which all configurations within the limit-
ed (and spurious) 1p,,,-2s,/,-1d,,, space are al-
lowed Although the only nonzero ¥,4 are ¥, s1/210/

d ¥ b1/225, this calculation does provide an
estlmate of t?he influence of multiple-particle-
hole configurations. The resulting B=B"5; ., /2
=0.102 is again significantly smaller than the
naive estimate BZ™, , 1y, =0-284.

These results suggest that a realistic calcula-
tion must include the effects of both a large model
space and multiple-particle-hole correlations.
Previous work indicates that the principal corre-
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lations affecting the states of interest are the
four-particle, two-hole (4p-2h) admixtures (~25%)
in the 0* level.’! Thus the first model described
above has been expanded to include all 2Zw con-
figurations. Those configurations involving one
particle (hole) in the 3s2d1g (1s) shells are in-
cluded only for the purpose of exactly projecting
spuriousity. (Such projection is essential as
small spurious components can drastically alter
nonspurious components of the wave function
when effective interactions violating translational
invariance are employed.) Cohen and Kurath (8-
16) matrix elements are used in the 1p shell, and
additional matrix elements involving 2p1f parti- |

1 mnzg'n'sz]v

[jos(’?)](z) == 87TM2FA

L@y e1()]-[0 ()

id
i#j

where @ (x)=(e */x)(1+ 1/x), [ ]-= %([ ]x -1 ]z)y
and the vector form factor F,”=1. In analogy with
the treatment of the one-body operator, this ex-
pression can be used in Eq. (1) to generate (91, )
and matrix elements of this operator can be eval-
uated once the two-body density matrices have
been determined for the three sets of wave func-
tions discussed above. Note that in the k=0 limit
appropriate for the present calculation, (917,%) s
becomes proportional, apart from an isospin ro-
tation, to the PNC isovector pion potential given
in Ref. 4, The effects of short-range correlations
are introduced by multiplying the shell-model
two-particle wave functions by f(7;;)=1~(1

- Br; A exp(-ar;?), with a=1.1 fm™ and $=0.68
fm ™2 (see Ref, 4).

The results are summarized in Table I. Both
sets of simpler wave functions discussed earlier
overestimate the experimental p-decay rate by
approximately a factor of 10. In contrast, the
third calculation, which one could argue is the
minimal realistic treatment of the structure of |

O E) 1y =0.87CNIMS (k =0)] ¢y [+ 0.07¢ M B[HSaPt .

That is, the relative strength of the calculated
one- and two-body amplitudes is constant to with-
in an absolute error of ™% of the amplitude
(I 2|He*?* derived from the experimental 3-de-
cay rate in the allowed approximation. This re-
lation holds to this remarkable accuracy despite
a spread of a factor of 16 in the calculated S-de-
cay rates.

The origin of this relation is well known in a
different context, that of representing two-body
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cles are taken from Kuo.® Single-particle energy
splittings are determined from analogous 27w fits
to the levels in '°0 and 0. The resulting value
for B is 0.027; correlations and the minor com-
ponents of the density matrix conspire to yield a
value much smaller than one would expect from
any of the simpler treatments discussed earlier.

Before a comparison to experiment can be
made, the two-body amplitude must be calculated.
The pion-exchange contribution to the axial charge
operator can be computed from a low-energy the-
orem based on partial conservation of axial-vec-
tor current and current algebra. The leading con-
tribution is given by the seagull term?*

(6)

° ?ij 6(}-{—}?1) + E(]) %y 6(}-{- 7-{,)] @ulm,7y;),

| the relevant levels in the sense of incorporating
both multiple-particle-hole correlations and an
adequate model space, does predict a much small-
er decay rate, w=4.8X10"%/s, in good agree-
ment with the experimental result w=(5.4£1.3)
X107%/s.3
In spite of this agreement, the prospects for
constraining the PNC matrix element in '°F
would not appear too good: A high degree of can-
cellation is occurring in both the one- and two-
body contributions to the B-decay strength, and
thus it would appear difficult to argue, even with
the present sophisticated structure treatment,
that these amplitudes can be reliably disentangled.
However, an important general feature of the var-
ious calculations has not yet been discussed: The
exchange current systematically tracks the
strength of the allowed (i.e., proportional to B)
contribution to the one-body amplitude. Despite
the very different structure assumptions made in
the three calculations discussed here, the result-
ing B-decay amplitudes all satisfy the relation

Q]

lPNC potentials by equivalent one-body operators.
The PNC potential (or exchange-current operator)
consists of two sets of terms: true two-body com-
ponents where the quantum numbers of a pair of
nucleons are changed, and components which are
semidiagonal in one quantum number. The latter,
often viewed as the interaction of valence nucleons
with an inert core, generally dominate when the
valence particles are few. These semidiagonal
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TABLE 1. Calculated one-body (w;), two-body (w,),
and full (wq49) rates (in units of 107%/s) are compared
with experiment.

wy W, Wy {Veno (V)

Zucker pds  23.0 5.9 52.2 0.72x 10%F

0fiw+1%w  29.5  10.5 75.3 0.95x10%F,

17w + 27w 1.84  0.70 4,78 0.25X 10°F
expt 5.41.3 <-—0.13+£0.36

terms can be exactly represented by an equiva-
lent one-body operator; in several limiting cases,
however, one recovers simply an equivalent one-
pody potential of the form w,7,0 +p, with w, a
constant, often determined empirically, which
depends primarily on gross features of the nu-
cleus.? The analogous operator for the present
exchange-current work, w,,T_E-f), is proportion-
al to that term in Eq. (3) which generates B.

The experimental B-decay strength and Eq. (7)
combine to place stringent and largely model~-in-
dependent constraints on PNC in '®*F. In the long-
wavelength limit these yield {|Vpnc"|) =(0.278
+0.065 MeV)F,, with F, (Ref. 4) more conven-
tionally given as g, yn/+/(32)/2.2* The forbidden
contributions to the 8-decay amplitude are not,
however, completely negligible, since they de-
pend in part on the density-matrix-element com-
binations $* .5 which are enhanced by the multi-
ple—particle-hole correlations. Since these com-
binations are not subject to the delicate cancella-
tions occurring for the allowed terms, values are
taken from the third model calculation (full one
and two Zw bases). This gives {|Vpc"|) =(0.236
+0.065 MeV)F,. Combining this with the current
limit on the y-ray circular polarization in '°F,
P,<(-0.7+2.0)X10"3 constrains +F, <(-0.54
+1.55)x107%,'5 Some part of the Weinberg-Salam
“reasonable range” for F, specified in Ref, 13 is
thus ruled out. Taking F,=0.36x10"°% (f, =1.52
X10"7) from Ref. 4, where this value was derived
by comparing nuclear-model calculations with
measurements of parity nonconservation in °F
and #Ne, yields (|Vpnc"|)=0.085 eV. Thus it ap-
pears likely that the current experimental limit
on P, in '°F may have to be reduced by a factor
between 2.8 and 5.8, depending on the sign of the
M1/E1 ratio in '°F, to obtain a definite measure-

ment of parity nonconservation. This may be a
difficult task.
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