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Breit correction to the parity-nonconservation amplitude in cesium
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Including the Breit interaction leads to a 0.6% reduction in the magnitude of ®h@&s6parity-
nonconservatiofPNC) amplitude in*3Cs, confirming a result recently obtained by A. DereviafiRbys.
Rev. Lett.85, 1618(2000]. A revised value of the theoretical PNC amplitude f8fCs is given; the corre-
sponding value of the weak charge shows no noticeable deviation from the standard model.
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I. INTRODUCTION Qu(*%C9 = —72.06+0.44, 1.3

Parity nonconservatiofPNC) in atoms, described in the where the theoretical uncertainty0.34 is added in quadra-
standard model of the electroweak interaction by exchanggre with the experimental errar 0.28. This value differs by
of Z bosons between bound electrons and nuclear quarkg,3 standard deviations from the theoretical value in Eq.
leads to nonvanishing electric-dipole matrix elements be¢1.2). Although the 0.6% accuracy of the experimental value
tween atomic states with the same parity. The dominant pagdf the weak charge is comparable to the accuracy of other
of PNC matrix elementgarising from the vector nucleon experimental parameters used in tests of the standard model
curreny is proportional to a conserved weak chaQg,,  cited in Ref.[6], 2.3r is one of the two largest differences
which is sensitive to physics beyond the standard model sucfith standard model predictions. Implications of this rela-
as the existence of additional neut#l bosons. tively large difference for physics beyond the standard model
Measurements of thesé7s PNC amplitude in'**Cs, fol-  have been the subject of several recent investigafio@s
lowing the procedure described by Bouchiat and Bouchiat5].
[1], were carried out at the 2% level of accuracy by Gilbert  The contribution of the Breit interaction to the-§'s PNC
and Wieman[2]. When combined with calculations of the amplitude in'33Cs was recently investigated by Derevianko
PNC amplitudes, which were estimated to be accurate to 194.6] and found to be substantially larger than previously es-
[3-5], the measurements led to an experimental value for th@mated. The increased contribution accounted for a substan-
weak charge, tial part of the 2.3 discrepancy discussed above. In the
present paper, we evaluate the Breit correction both in the
Quw("¥Cy=—-71.04-1.81, (1.)  |owest-order Dirac-Hartree-FocfOHF) approximation and
including higher-order correlation effects. The present result
where the uncertainties in the calculations are added ifyr the Breit correction in the DHE approximation, 0.3% of
quadrature with the experimental errors. This experimentajne PNC-DHF amplitudeor +0.002, agrees precisely with
value differed from the weak charge predicted by the stanthe earlier estimate if4,5]. Furthermore, our result for the

dard mode[6,7] (which includes radiative corrections Breit correction to the correlated PNC amplitude agrees well
with the value found in Ref[16], 0.6% of the correlated
Quw(***C9=—73.09+0.03 (1.2 amplitude or+0.0054, confirming the principal conclusion
of [16] and practically removing the deviation from the stan-
by 1.1 standard deviation. dard model claimed if9].

In recent years, there has been a substantial improvement
in the experimental determination @, in cesium, due pri-
marily to the precise measurement of the ratio of tlse76
PNC amplitude tg3, the vector part of the Stark polarizabil- In the “frozen-core” DHF approximation, the perturba-

ity, by Wood et al. [8]. Another factor responsible for the g ¥ to a valence electron staté'™ induced by the weak

improvement is a measurement Bf by Bennett and Wie-  jnieractionhp, satisfies the inhomogeneous DHF equation
man[9], in terms ofM;, the off-diagonal hyperfine matrix

element between theséand 7% state[10—17. A reevalua-
tion of the accuracy of the atomic structure calculations used
in the determination 0@,y was also carried out in Ref9]
based on comparisons of theoretical polarizabilities, hyper
fine constants, and transition matrix elements with recen
measurements, suggesting that the uncertainty in the theoret-

ical PNC amplitude should be reduced from 1% to 0.4%.

Combining the recent experiments with the revised estimatewe use unitsiea,x 107 *(—Qy,/N) throughout for the PNC
of the theoretical uncertainty led to the value amplitude.

Il. CALCULATION

(ho+VHF— e yHF= —hpyeyt . (2.)

In this equationV g is the HF potential of the closed xenon-
like core ande}* is the eigenvalue of the unperturbed DHF
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TABLE |. Contributions, in the PNC-DHF approximation, to TABLE 1l. Contributions, in the Brueckner approximation,
the 6s-7s PNC amplitude in**Cs. The two terms in Eq2.2) and  6s-7s PNC amplitude in**Cs. The two terms in Eq2.5) and their
their sumEE,fIC are evaluated using the Coulomb DHF potential andsum, the correlated PNC amplituigyc, are evaluated using the
the Coulomb+ Breit DHF potential. Coulomb interaction only and using the sum of the Coulomb and
Breit interactions.

TYPe  (wEID[GE)  (WEDlyED  ETPNC . S e o
ype D D
Coul. only 0.27492 —~1.01439  —0.73947 (¥7dDlYes)  (¥7dDlves)
Coul. + Breit 0.27411 —1.01134 —0.73722 Coul. only 0.43942 —1.33397 —0.89456
A% —0.29% —0.30% —0.30% Coul. + Breit 0.43680 —-1.32609  —0.88929
A% —0.60% —0.59% —0.59%

equation. The perturbed DHF equations are solved to give

PEE andPhE and the PNC amplitude is given by the sum of The Breit interaction is included ", sV, and SVEF.
two terms Results for the correlated PNC amplitude calculated without
and with the Breit interaction are shown in Table 1l. We see
ESNe= (WET DIED) + (Y55 D| wih), (2.2 that the Breit corrections to each term in E2.5) and to the
sum are 0.6%. The Coulonibyc amplitude is very close to
whereD is the dipole operator. Values of the two terms andthe results of3-5]. The difference is caused by some addi-
the resulting sum for thes67s PNC transition in'3*Cs are  tional small corrections that are not considered in this work,
given in Table I. In the first row, we list values obtained including structural radiation, normalization, and double core
using the Coulomb HF potential to calculate unperturbed angolarization by simultaneous action of weak interaction and
perturbed orbitals and eigenvalues. In the second row, we ligihoton electric field.
values obtained after adding the Breit interaction to the Cou- It is interesting to examine the origin of the 0.6% Breit
lomb interaction. The CoulomB- Breit DHF potential is  correction. To this end, we decompose each term in(E§)
used to obtain the unperturbed orbital§", eigenvalues into a sum over intermediate states,

€'F, and the perturbed orbitalg™ used to evaluate the PNC

amplitude. We see that each of the two terms in(d) and <7S|5|n p><np|F'PNC| 6s)
their sum are reduced by 0.3%. EPNC:E E-—E
The dominant correlation corrections to the PNC ampli- " 6s  =np
tude can be included by replacing the DHF orbitzpz[éE in (6s|f)|np><np|T1PNCI7s>
Eq. (2.2) by Brueckner orbitalsa/xl')3r and by including polar- + E,—E . (2.6
S np

ization corrections to the weak-interaction operédtgygc and
the dipole operator, as described[B]. Brueckner orbitals _ _
are obtained by solving Hartree-Fock-like equations forHere hpye=hpnct 5V,§',EC, D=D+ 5VBF, and 6, 7s, and
states of external electrons with an additional operftor NP designate Brueckner orbitals. Each term in the sum over
states has three factors subject to Breit corrections, the ma-
(ho+ Vet S — € yB=0. (2.3 trix element ofhipyc, the matrix element oD, and the en-
ergy denominator. The contributions of the Breit interaction
from these three factors are0.6%, —0.4%, and 0.4%, re-
spectively. The corresponding contributions in the PNC-
A DHF approximation(2.2) are —0.3%, —0.3%), and 0.3%,
between valence and core electrons. Calculatioh & dis- respectively. Thus, the Breit corrections to the sum arising
cussed in detail elsewhef7]. The DHF approximation cor- - from corrections to dipole matrix elements or to energy de-
responds t& =0. nominators remain very close in correlated and uncorrelated
Core polarization is taken into account by replacing thecalculations, whereas Breit corrections arising from the weak
operator of external fielth (whereh is eitherhpycor D) by  matrix elements approximately double in the correlated cal-
h+ 6V, wheredV,, is a correction to the HF potential in- culation.

Sisa self-energy operator that is also often called the *“cor
relation potential.” It accounts for the correlation interaction

duced by external field. The corrections to the correlated PNC amplitude from
With correlations and core polarizations taken into ac-hpye, D, and energies found ifil6] were —0.5%, —0.4%,
count, Eq.(2.1) becomes and 0.3%, respectively, giving a total 6f0.6% in agree-
ment with the present result. We disagree, however, with the
(ho+VHF+§_ BB = — hpnety®'— VIR y B, assertion in16] that one should ignore the Breit correction

(2.4 to the energies and consider only the0.5%-0.4%
=—0.9% correction to PNC amplitudes. That assertion was

and the PNC amplitude is given by based on the incorrect assumption that experimental ener-
5 5 gies, which implicitly include Breit corrections, were used in
Epnc={#5| D+ SVE YY) + (Y5 D + sVEF yEL. Refs.[3-5]. In both[3] and[4,5], theoretical Coulomb en-

(2.5  ergies were used to evaluate the theoretical PNC amplitude.
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Although the Breit interaction accounts for a substantialthe standard model by 1a5if 0.4% theoretical accuracy is
part of the difference between theory and experiment, istill assumed. However, if a more realistic 1% theoretical
should be emphasized that, at the fraction of a percent levelincertainty is assumed, the value of the weak charge be-
there are various other small theoretical corrections that mustomes
be considered. Among these are higher-order many-body
Coulomb corrections, corrections due to d_|fferences in neu- Qu(¥Cy) = —72.42+(0.28) o= (0.7Dpeor,  (2.9)
tron and proton distributions discussed in REE8], and
those from higher order id« radiative corrections discussed which is larger than the value given {i9] by 0.5% and

n REf: [19]. Since these small corrections may "?‘dd COher'shows no significant deviation from the standard model. Cor-
ently, it appears premature to assign an uncertainty small

X . Fections arising from the difference between neutron and pro-
than 1% to the theoretical PNC amplitude. . ton distributions, discussed in R¢fl8], havenot been in-
The experimental value of the weak cha@g, is found

by dividing the experimental PNC amplitude by the theoret-CIUded n Eq.(2.8. The value ofQy given in Eq. (2.8

ical amplitude expressed in terms@f, . We take the value differs from the value—72.65 from[16]. The difference is
of the theoretical Coulomb amplitude to be0.9075, which explained by the fact that nucleon distribution corrections

) from [18] were included if16], and a 0.9% Breit correction,
is the average of-0.908 from[3] and —0.907 from[4,5]. . . . ; . o
(The underestimated Breit correction 0.002 has been r in which Breit corrections to energy denominators were im

. . . oroperly omitted, was assumed.
moved from the value-0.905 given in[4,5] to obtain the ep perty

value —0.907 for the Coulomb amplitudeAdding the Breit

correction to this average leads to a revised theoretical value ACKNOWLEDGMENTS
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