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Abstract
One-loop radiative corrections to atomic wave
functions associated with vacuum polarization
in the nuclear Coulomb field are evaluated
for the 6s — 7s PNC amplitude in !33Cs.
These corrections increase the size of the PNC
amplitude by 0.4%.

*Phys. Rev. Lett. 87, 233001 (2001)
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Background - !33Cs

1. Epne = F X ?—V]\Z evaluated (1%) by two groups.!
2. Epnc/3 precisely measured.?

3. (3 measured and theory error reviewed (0.4%):>
AQw = Qnf — QM =250

4. Breit interaction reconsidered:* 2.50 — 1o

5. Fact that bound-state radiative corrections are
comparable to Breit corrections pointed out.’

V. A. Dzuba et al., Phys. Lett. A 141, 147 (1989); S. A. Blundell et al.,
Phys. Rev. D 45, 1602 (1992).

2C. S. Wood et al., Science 275, 1759 (1997).

3S. C. Bennett and C. E. Wieman, Phys. Rev. Lett. 82, 2484 (1999).
*A. Derevianko, Phys. Rev. Lett. 85, 1618 (2000).

0. P. Sushkov, Phys. Rev. A 63, 042504 (2001).
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Which Corrections?

The double line represents the electron in the field of
the nucleus. To leading order in powers of Za,°

{—%i—%+5‘/}

where 6V given by the Uehling potential’:

SV (r) = — 20z / dtr/12 — 1 ( 2t4) e 2etr
1

3mr

°E. H. Wichmann and N. H. Kroll, Phys. Rev. 101, 843 (1956)
E. A. Uehling, Phys. Rev. 48, 55 (1935)
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Distributed Nuclear Charge

The nuclear charge distribution for 133Cs is

Lo
1 + exXp [(T T cnuc)/anuc]

p(r) =

with cpue = 5.675 fm and 10%-90% fall-off distance
IS thue = 2.3 fm, corresponding to anuc = 0.523 fm

and to a root-mean-square radius of the nuclear charge
distribution R, = 4.807 fm.

For a distributed charge:®

2
oV(r) = o dZCZC,O /dt\/t2 1 X

37“ 0

1 1 —2ct|r—x| —2ct(r+x)
<t3 " %) (¢ - )

8L. W. Fullerton and G. A. Rinker, Jr., Phys. Rev. A13, 1283 (1976)
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Test of Method

Comparison of corrections to inner-shell Dirac-Coulomb energies dE on
replacing V' — V + 6V with results from QED perturbation theory”.

Present Perturbation Theory
State OF Uehl Uehl-FS FS Total
ls;o -0.1419 -0.2584 0.0010(1) 0.1159 -0.1415(1)
251, -0.1554  -0.2901 0.0011(1) 0.1339(1) -0.1551(2)
2p1/2  -0.0100 -0.0145 0.0000(1) 0.0045 -0.0100(1)
2p3/2  -0.0016 -0.0016 0.0000 0.0000 -0.0016

Units: amc?(aZ)?*/(mn?)

PW. R. Johnson and G. Soff, At. Data Nucl. Data Tables 33, 405 (1985)
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Calculation #1 - Weak Hartree Fock

No Correlation Corrections

Effect of PNC: P — pHF 4 §pHE
(ho + VI — ") 0" = —hpne ¢y

Epnc = (¢rs |D|0¢gs ) + (075 |Dldes )

Corrections to Epxc amplitude for 133Cs
Units: ieag x 1071 (=Qyw /N)

Type <¢73’D‘5¢63> <5¢73|D|¢63> EPNC

HF 2.7492 1.0144 -0.7395
HF + 8V -2.7604 1.0186 -0.7425
A (%) 0.41 0.41 0.41

(This calculation gives a value of the PNC amplitude
that is 20% smaller than the fully correlated value.)
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Calculation #2 - Weak RPA

With Correlation Corrections
(ho + VI — &™) 6™ = — [hpne + ViRe] 4

Epxc = (¢rs |D|0dgs ) + (007, | Dlgg, )

Corrections to Epxc amplitude for 133Cs, with RPA.
Units: ieag x 1071 (=Qyw /N)

Type <¢7S‘D|5¢68> <5¢73’D’¢63> EPNC

RPA ~3.4570 1.2726 -0.9269
RPA+ 6V -3.4712 1.2778 -0.9307
A (%) 0.41 0.41 0.41

(This calculation gives a value of the PNC amplitude
that is 3% larger than the fully correlated value.)

Conclusion:
VP corrections increase the PNC amplitude by 0.41%.
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Comments on the PV Hamiltonian'®

G, 1 B _
Hpy = —=% {6%’756 (Cm uy,u+ Crgdy,d + - )
V2
+ eyue (C’gu Uy, ysu + Cog dry,ysd + - - )}
where - - - corresponds to ¢ = s,t,b,c

1 4
Olu = <—§ -+ §82>

s2 = sin? Oy

0W. J. Marciano in Precision Tests of the Standard Electroweak Model,
Ed. P. Langacker, (World Scientific, Singapore, 1995), p. 170
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Electroweak Radiative Corrections

For atomic PNC with nonrelativistic nucleons, the
Hamiltonian (in the electron sector) reduces to

G
hpnc = 7% Qw Vs pnuc‘(r)

with
Qw = 2[(2Z + N)C1, + (Z + 2N)C1 4]

Using s = 0.23114(17), one finds
QM = —73.86 £ 0.03 (no radiative corrections)
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Electroweak Radiative Corrections

With electroweak radiative corrections ! the
coupling constants can be written

1 4
Cru =Ppy (—5 + 3 Kby 82) + A1
1 2
Old = IO{Z’V (5 I § /ii:)v 82) —|_ )\]_d

For Atomic PNC:

Py = 0.9878

Koy = 1.0026

Ay =—-19x1077°
Mg = 3.7 X 1072

QM = —73.09 & 0.03 (with radiative corrections)

11D, E. Groom et al., Euro. Phys. J. C 15, 1 (2000)
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a/-dependent terms

Perturbation Theory:!?

, a almz) [ 3 m’ 3 9 7
=1—- Inc” — —
Prv 27 + 27 { 852 m%v + 8s4 852

3¢ [In(c*/€) 1 Iné¢ 1
+832< c2 — & +§1—£>__+.”}

The term —2= is an electromagnetic
vertex correction that should be
evaluated using bound-state electron

propagators.

Assume that the binding corrections modify

84 84 84

27T or 21’

and we find Q3 = —73.09 — —73.09 + 0.08

12W. J. Marciano in Precision Tests of the Standard Electroweak Model,
Ed. P. Langacker, (World Scientific, Singapore, 1995), p. 182
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Conclusion

Using the average of the two most accurate theoretical
values (plus Breit) of Epnc x 1.0041:

Fpne = —9.057 4 0.037 deag x 107 23(—=Qw /N),

where we use the 0.4% error estimate of Bennett and
Wieman.!® Combining this with the experimental value
of EPNC/B14 leads to an experimental value for the
weak charge

SPYI33C8) = —72.12 4 (0.28)expt & (0.34) theor

This differs by 2.2 o from the standard-model value®®,

DM (133Cs) = —73.09 4 0.03

135 C. Bennett and C. E. Wieman, Phys. Rev. Lett. 82, 2484 (1999); 82,
4153 (1999); 83, 839 (1999)

14C.'S. Wood et al., Science 275, 1759 (1997)
15D, E. Groom et al., Euro. Phys. J. C 15, 1 (2000).
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