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1. IntrodUction 

Panty non-conservation (PNC) In heavy atoms have provided an Important confirmation 
[1-3] of the SU(2) x U(1) electro-weak sector of the Standard Model (SM). By 
combining the results of preCision measurements and calculations uSing sophisticated 
many-body methods [4-6]. it is possible to extract the nuclear weak charge and 
compare With Its corresponding value in the SM. A discrepancy between these two 
values could reveal the possible existence of new physics beyond the SM [7]. 

As first pOinted out by Bouch/at and Bouchiat [1], the matrix element of the PNC 
Hamiltonian scales as Z3. It is pnmarily because of thiS reason that heavy atoms are 
conSidered to be the best candidates for PNC experiments. A high precision 
measurement of PNC in atomic cesium [3] has reduced Significantly the uncertainty 
« 1 %) In the .determlnatlon of the nuclear weak charge, Ow, of the C$ nucleus and 
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the deviation from the SM IS about 1 (J [8]. It would also be desirable to conSider other 
systems that have the potential to Yield accurate values of the nuclear weak charge. 
Ba+ and Aa+ deserve special mention In this context The transltlon of Interest are 

652 5 1/2 --+ 5d2D3/2 for Ba+ and 7525'/2 --+ 6d2D3/2 for Ra+. An experiment IS 
underway for Ba- uSing the techniques of Ion trapping and laser COOling and another 
has been proposed for Ra+ [9,10] Relativistic many-body calculations [11-13] have 
also been earned out on these two Ions 

The experimental result needs Input from atomic structure calculations involVing 
the interplay of electromagnetic and weak Interactions. However, the small but non

negligible eHects of nuclear size must be addressed before an interpretation of PNC 

data In terms of the fundamental electro-weak couplings IS pOSSible. Thus nuclear 
structure could become a crUCial factor In the Interpretation of PNC experiments With 

increasing accuracy [14-18]. An extensive discussion on the senSitIVIty of atomic PNC 
and electnc dipole moments to possible new physics has been recently reported In 
Ref. [19] 

There have been earlier studies to determine nuclear structure effects in PNC 

In atomic cesium uSing non-relatiVistic potentials [16,17] as well as relativistic models 
[18]. In this paper we present a relatiVistic calculation of these effects for the Ba and 
Ra isotopes uSing the relatiVistiC mean field theory (RMF). It IS motivated by the 
current efforts to observe PNC In Ba+ and Aa+ and also to Yield Interesting information 
on neutron distributions 

The RMF theory, which was first proposed by Teller and co-workers [20--22] and 

later by Walecka [23] and developed by others, has been fairly successfully applied 
to both nuclear matter and finite nuclei The method gives good deSCription for binding 
energies, root mean square (rms) radII, quadruple and hexadecapole deformations and 
other nuclear properties not only for the sphencal, but also for the deformed nuclei 
The same parameter set of the model also descrrbes well the properties of nuclear 
matter. One of the major attractive features of the AMF approach IS the incorporation 
of the spin-orbit interaction due to to the presence of the one body Dirac HamiltOnian 
and the nuclear shell structure automatically anses from the nucleon-nucleon Interaction 
via the scalar and vector mesons We can therefore expect the RMF calculation to 
provide useful information on nuclear structure corrections to atomic PNC. 

We organize the paper as follows . In Section 2, we describe the PNC III 

standard model, Section 3 containS bnefly the RMF model for nuclear theory. results 

and diSCUSSion are described In Section 4 

2. PNC in standard model 

In the Standard Model, the electron-nucleon Interaction IS mediated by both the phololl 
and the intermediate boson Zoo The latter does not conserve panty. The energy 
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involved In the atomiC PNC experiments are usually only a fraction of an eV, while the 
mass of the ZO IS :::::: 92 GeV, and thus the panty non-conserving interaction may be 
written as a contacf Interaction We have the effective Hamiltonian 

(1 ) 

where B stands for n (neutron) or p (proton) The first term grows coherently with 
nucleon numbers Nand Z The second term together With the anapole moment term 
amounts to at most a few percent of the first term In heavy atoms We shall therefore 
consider only the first term The effective Hamiltonian becomes 

(2) 

where the proton and neutron denSities, Pp n(r), are normalized to unity. We have 

assumed the Standard Model nucleon couplings C,p == 2C,u + C'd = ~ (1 - 4 sin2 Ow) ; 

C,n == 2C,u + C'd = - ~ I where sin 20w IS the Weinberg mixing angle. We need the 
2 

spatial vanatlon of the electron part tI'! Ist,Je over the nucleus, Its normalization and 

Its dependence on nuclear structure. PNC effects are dominated by s-electrons (,.. = 
-1) coupled to p-electrons (~ = 1). ThiS can be expressed as 

P5(r) == 1/J~"Y5tPs = A(Z)N(Z, R)f(r) I where A(Z) contains all atomic-structure effects for 

a point nucleus Including many-body correlations, JV == ""~(Oh5¢S(O) IS the normalization 

factor for single electron and f(r) descnbes the spatial vanatlon. It IS the integrals 

(3) 

which determine the effect of the proton and neutron distributions on the PNC 

observables. From eq (2), the matnx element between two atomic states I and J are 
given by, 

(/lHpncl i) = 2~ A(Z)N[Ow (N, Z)+ O:C{N,Z)], (4) 

where Ow(N,Z) IS the weak charge. For the Standard Model, the weak charge takes 
the form at tree level as 

Ow (N,Z) = -N + Z(1- 4 sin2 Ow), (5) 

The nuclear structure correction O~UC(N, Z) descnbes the part of the PNC effect tliat 

arises from the finite nuclear size. In the same approximation as (5) above 
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a;t(N, Z) = -N(qn -1) + Z(1- 4 sin! IJw)(Qp -1). (6) 

The proton (charge) nuclear form factors needed for qp and N are generally well 
known from the measurements of the charge distribution of nuclei close to the stable 
valley and many unstable nuclei as well. The neutron nuclear form factor needed for 
qn is not well determined experimentally and is model dependent. To estimate the 
Importance of PNC In nuclear structure, the form factor can be approximated to the 
order of (ZO)2 for a sharp nuclear surface, and neglecting the electron mass In 

comparison with the nuclear Coulomb potential [15], fer) ~ 1- .! (Zo:)2 X 
2 

[ 
1 ' 1 J (r/R

2
)-s(r/R)4+

75
(r/R)8 . For a sharp nuclear surface density distribution, the 

only relevant parameter IS the nuclear radius Rand (rzn) = 3/(2n + 3n)Rzn 

One of the motivations for further improving atomic PNC experiments IS to test 
the Standard Model parameters After the inclusion of radiatIVe corrections, we begin 
by rewriting eqs (8) and (9) In the form 

Ow (N, Z) = 0.9878 x [-N + Z(1- 4.0118x) 1 x (1.0 + 0.00782T) • 

x = 0.23124 ± 0 00017 ± 0.0036365 - 0.00258T, 

(7) 

(8) 

where X IS assumed here to be defined at the mass scale Mz by modified minimal 
subtraction [7], 5 is the parameter characterizing the Isospin conserving new quantum 
loop corrections and T characterizing isospin breaking corrections. The nuclear structure 
correction to Ow is given by 

Q~C(N, Z) = 0.9878 x [-N(qn - 1) + Z(1- 4.0118x)(qp -1)]. (9) 

The coeffiCients qn.p defined earlier In eq. (6) contain the nuclear structure effects. We 
have also included the intrinsic nucleon structure contributions in evaluating the 
nuclear structure correction as In Ref. [161. 

3. Relativistic mean field theory 

The relatiVistic Lagrangian denSity for a nucleon-meson many-body system [24-26] IS 

{, = ;PI (h JJ8 
I' - M) "', 
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(10) 

The field for the O'-meson IS denoted by 0', that of the w-meson by wI' and of the ISO· 
vector p-meson by RI • AI' denotes the electromagnetic field. 1/11 are the Dirac spinors 
for the nucleons, whose third component of isospln IS denoted by T3,. Here g5' g~~ gp 
and 8 2/47f = 1/137 are the coupling constants for a, W, p mesons and photon 
respectively. M is the mass of the nucleon and m", m~ and mp are the masses of the 
cr, wand p mesons respectively. [11' v, BIJV and pv are the field tensors for the wI', 

pI' and tho photon fields respectively. The field equations for mesons and nucleons 
are obtained from the Lagrangian of eq. (10) and can be found In Ref [25]. These 
are nonlinear, coupled partial differential equations, which are solved self-consistently. 
These equations are solved by expanding the upper and lower components of the 
Dirac splnors '¢I and the boson fields wave functions in terms of a deformed harmOniC 
OSCillator potential baSIS. 

The total binding energy of the system Is 

E,OI = Epan + E" + E ... + Ep + Ec + Epair + Ecm (11) 

where Epan IS the sum of single particle energies of the nucleons, E", Ew , Ep are the 
contributions of meson energies, and Ec and Epall are the coulomb and palnng energy 
respectively. We have used the pairing gap defined in Ref. [27] to take pairing In to 

account. E em - - ~ 41A -1/3 IS the non-relativistic approximation for the center-ot-mass 
4 

correction. 

4. Results and dIscussIon 

In thiS section, we apply RMF theory with TM1, NL3 and NL-SH Interactions to study 
the ground state properties of Ba and Ra isotopes These elements have an important 
imphcatlons for the PNC experiments and atomic structure calculations. The parameters 
ot these interactions are given In Table 1. We note that In TM 1 parameter set has 
the non-negative value of the quartic self-coupling coeffiCient 93 for the omega 
mesons In most ot the successful parameter sets the quartic self-coupling term tor 
sigma meson IS negative, so that the energy spectrum IS unbounded below. Although 
in normal cases the solutions are obtained in local minimum, ali these parameter sets 
give a good account on various properties such as binding energy, compressibility, 
asymmetric energy tor nuclear matter. 

In Tables 2, ·3 and 4, binding energies, charge radius and shift 6r!" and 6r:", 
are hsted for the barium Isotopes With different interactions. The calculated shift In 
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Table 1. Parameters used In our calculation. 

TMI NL3 NL-SH 

M 9380 9390 9390 

m. 511 198 508194 526059 

m.. 7830 782501 783.0 

m, 7700 7630 MlO 

g. 100289 10217 10444 

g2 ·-72325 -10431 -69099 

(h 06183 -28885 -158337 

9.., 12.6139 12868 12945 

C:i 713075 0.000 0000 

9. 46322 4474 4383 

Table 2. Results of RMF calculations for Ba ISotopeS In TM 1 parameter The binding energies are In MeV, all radII 

are In fm. 

N E_ e- 'do 
,b 

do 'n- rp h'~ 6r~ 6r~ 6r~ 

73 1086 5 1082.4 4829 4825 0137 -0.248 -1080 11330 53032 

75 11039 11002 4834 4828 0157 -0200 -0834 9165 411n 

n 11207 11172 4.843 4829 0178 -0124 -0.548 5688 27197 

79 11388 11336 4849 4827 0.201 -0.057 -0.249 2631 12473 

81 11553 11497 4855 4832 0220 0.00 000 000 000 

83 11676 11630 4872 4852 0~38 0163 0352 7058 17780 

85 lln 2 11739 4902 4882 0256 0452 0838 20.954 42.n3 

87 l1B73 1184 3 4929 4911 0.c71 ona 1278 33.732 65n1 

~er [28J, ~ef [29J. 

Table 3. Same as Table 2 for Ba ISOtOpeS In NL3 parameter 

N E_ E- rOIl r~ rn - rp frt 8,~ 6r~ ~r~ 

73 1082.2 10824 4.820 4825 0.140 -0171 -1.048 7n5 51307 

75 10989 1100 2 4 B19 4828 0162 -0171 -0833 7775 40928 

n 11189 11172 4826 4829 0183 -0105 -0557 4762 27516 

79 1136.4 1133 6 4833 4827 0208 -0047 -0249 2168 12399 

81 1152.4 1149.7 4837 4.832 0.228 000 000 000 0.0000 

83 1165 1 1163 0 4854 4852 0248 0162 0371 7424 18695 

85 11736 11739 4886 4662 0269 0470 0.908 21616 46202 

87 1184.1 1184 3 4910 4911 0296 0712 1440 32 901 74.038 

neutron radII are also listed In Tables 2 (TM1), 3 (NL3). and 4 (NL-SH) for barium 
isotopes. In Tables 5, 6 and 7, binding energies, charge radiUS and shift 6r;'n and 
6r;n are listed for the radium Isotopes With different parameter sets. We have also 



Nuclear structure effects In pardy non-conservation in heavy Ions 823 

Table 4 Same as Table 2 for Sa Isotopes In Nl-SH parameter 

N e- E' rell rb 
ell rn - fp 6r~ .sr~ 6f~ 6f~ 

73 1085 8 10824 4801 4825 0133 --0218 -1003 9832 48537 
75 11061 11002 4605 4828 0153 -()180 --0769 8132 37.387 
77 11232 11172 4812 4829 0173 -()114 -{)504 5147 24646 
79 1139.7 11336 4818 4827 0194 --0057 --0237 2578 11693 
81 11577 11497 4823 4832 0212 0000 0000 0000 0000 
83 11705 11630 4841 4852 0234 0.162 0389 7359 19366 

85 11785 11739 4870 4882 0251 0449 0862 20539 43 314 

87 1188.2 1184 3 4897 4911 0258 0709 1207 32 614 61.059 

Table 5. Results of RMF calculations for Ra Isotopes In TMI parameter The binding energies Bre In MeV, aH 
radII are In fm 

N E_ E· rell f~ 'n- fp 6r~ ..,,~ 6r~ 6,~ 

126 16701 1658 3 5.642 6.570 0197 -1229 -1982 78207 136 513 

128 1681 8 16712 5658 0211 -1050 -1835 67010 113136 

130 16932 1684 0 5677 0221 --0837 -1297 53588 90 191 

132 17072 16965 5698 5631 0.229 -{) 589 -{) 946 37876 66093 

134 1719.3 17087 5717 5650 0239 -0375 -0.604 24157 42.444 

136 17288 17203 5734 5667 0246 --0182 -{) 321 11765 22.607 

138 17388 1731 6 5752 5684 0257 000 000 000 00000 

140 17479 17425 5766 5700 0270 0182 0.346 11.865 24.626 

Table 6. Same as Table 5 lor Ra Isotopes In NL3 parameter 

N ERA4f' E" fCIJ ,~ 'n- fp li'~ 6r~ br~ 6r~ 

126 1665.9 16583 5621 5570 0207 -1372 -2.134 86864 146681 

128 1677 6 16712 5638 0221 -1183 -1775 75097 122 655 

130 16872 16840 5660 0231 -0937 -1403 59708 97448 

132 16981 16965 5660 5631 0241 -0667 -1005 42714 70206 

134 17116 17087 5704 5.650 0252 -0441 -0640 28384 44952 

136 17205 17203 5722 5667 0264 -<> 227 -{) 273 14629 19297 

138 17299 17316 5742 5684 0267 000 000 000 00000 

140 17381 17425 5757 5700 0280 0170 0.334 11 073 23.795 

listed the available experimental binding energies [28] and charge radii [29]. The 
binding energies agree In all the cases With the experimental values With maximum 

deViation of 5 to 6 MeV out of a total binding energy of 1000 MeV for barium Isotopes 

and similarly for radium Isotopes the deviation for binding energies are around 8 MeV 
[28] The overall agreement between the theoretical predIctions and the 'experimental 
values for the charge radii IS very good. 
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Table 7. Same as Table 5 for Ra Isotopes In NL-SH parameter. 

N ERIN E- 'ell 
,D 

ell 'n- rp 6r~ br~ 6r~ 6r~ 

128 1671 7 16583 5603 5570 0194 -1210 -1910 75973 129481 

128 16842 16712 5618 0208 -1.042 -1576 65596 107.376 

130 1694 9 1684 0 5637 0218 -0831 -1240 52459 84936 

132 17066 16965 5659 5631 0226 -0585 -0892 37079 61364 

134 17182 17087 5678 5650 0235 -0.372 -0564 23650 39034 

136 17288 17203 5694 5667 0.244 -0.180 -0259 11519 18.009 

138 17369 17316 5710 5684 0250 000 000 000 00000 

140 17446 17425 5725 5700 0263 0.158 0319 10159 22379 

The difference between proton and neutron radii, neutron thickness, t = (rn - rp) , 
are also shown In the Tables. The differences increase with neutron number The lack 
of unambiguous precise experimental Information on the neutron distnbutlon means 
that one must extrapolate to the desired neutron properties. We note that there IS 
essentially no model Independent experimental information on neutron density 
distributions We next use these radII to estimate the nuclear structure effects In PNC. 

The nuclear structure corrections and the weak charge for different isotopes of 
barium evaluated for S = T = 0, are listed in Tables 8 (TM1), 9 (NL3) and 10 (NL-SH) 

Table 8. The weak charges Ow(N, Z), nuclear structure correc1lons Orr"{N,Z), q,. 
qp and R,J Rp for Ba Isotopes In TM1 parameter 

N Ow(N,Z) O~(N,Z) qn qp Rn/Rp 

73 -68.1093 3144 09546 0957 1029 

75 -700848 3.258 09542 0957 1.033 

77 -72 0605 3376 09539 0957 1037 

79 -74.0361 3496 09538 0957 1042 

81 -76.0117 3614 09533 0957 1.046 

83 -n.9873 3731 0.9529 0.957 1049 

B5 -799629 3847 0.9527 0.957 1053 

87 -819386 3961 09524 0957 1056 

Table 9. Same as Table 8 for Sa IsotOpeS In NL3 parameter 

N Ow(N,Z) OW"(N,Z) qn qp Rn/Rp 

73 -68 1093 3148 09545 0957 1029 

75 -70.0&48 3265 09541 0957 1034 

77 -720605 3.383 09536 0,857 1038 

79 -740361 3506 09534 0957 1044 

81 -76.0117 3626 0.9531 0957 1048 

83 -779873 3745 09328 0.957 1.052 

85 -799629 3866 09525 0.857 1056 

87 -81.9388 3997 09520 0957 1 061 
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Table 10. Same as Table 8 for Ba ISOtopeS in NL-SH parameter 

N Ow(N,ZJ O;,"(N,ZJ qn qp R,JRp 

73 -68.1093 3140 09546 0957 1028 

75 -700848 3255 09543 0957 1.032 

n -720605 3371 09540 0957 1.036 

79 -740361 3489 09536 0957 1 041 

81 -76.0117 3.605 09533 0957 1044 

83 -n.9873 3727 09530 0957 1.049 

85 -79.9629 3842 09527 0957 1052 

87 -819386 3944 09526 0957 1053 

Table 11. The weak charges Ow<N, 2), nuclear structure corrections O:rt.N,Zl, 
qno qpand R,JRp for Ra isotopes in TMl parameter 

N Ow(N,Z) Q~(N,Z) qn q" R,JRp 

126 -1181nO 13.621 08865 0893 1.035 

128 -1201526 13905 08861 0983 1037 

130 -122 1282 14174 08858 0893 1039 

132 -1241038 14434 08855 0893 1040 

134 -126 0790 14705 08852 0893 1042 

136 -1280550 14962 08850 0893 1043 

138 -130 0306 15240 0.8847 0893 1045 

140 -1320062 15526 08843 0893 1047 

Table 12. Same as Table 11 for Ra ISOtopeS In NL3 parameter 

N Ow(N,Z) O;,"(N.Z) qn qp R,JRp 

126 -1181770 13667 08862 0893 1037 

128 -1201526 13952 08857 0983 1.039 

130 -1221282 14221 08854 0893 1041 

132 -1241038 14490 08852 0893 1042 

134 -126 0790 14766 08848 0893 1044 
136 -1280550 15047 08844 0893 1046 
138 -1300306 15288 08844 0893 1047 
140 -1320062 15577 08839 0893 '049 

825 

for different parameter sets Here one can see that the qp are constant when the 

neutron number Increases from N = 73 to 87. However qn vanes slowly as one 
increases the neutron number Our RMF calculation gives the nuclear structure 
correctIon for 137Sa, Q~uc = 3.614 for TM1, 3.626 for NL3 and 3.605 for NL-SH 
forces~ SImilarly the nuclear structure correction for 226Ra are Q~uc = 15.240 for TM1, 
15288 for NL3 and 15.215 for NL-SH Interactions. In FIgure ( we have plotted the 
nuclear structure corrections vs different IsotOpeS of barrum (left panel), radium (right 
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Tabl. 13. Same as Table 11 tor Aa IsotopeS In Nl-SH parameter. 

N Ow(N.Z) O:"'(N.Z) qn qp R"JR, 
126 1181nO 13614 08866 0893 1035 128 -1201526 13899 08861 0893 1037 130 -12212B2 14168 08858 0893 1039 132 -1241038 14.428 08856 0893 1040 134 -1260790 14694 08854 0.893 1041 
136 -1280550 14961 08850 0893 1043 138 -1300306 15215 08849 0893 1044 
140 -132 0062 15504 08845 0893 1046 

40 
-TM1 

156 

NL3 -- TM1 
3.B 

- - NL-SH NL3 
152 - - NL-SH 

3.6 

l!! 1 .... 
g /. 

z~ 34 z 
0 ~ 144 

/. 

,I 
32 /. 

140 
/. 

30 
~ 

136 

28~--------------__ ~ 
66 72 76 80 64 124 126 132 136 140 

N N 
Figure 1.0:," vs. Nfor banum ISOtopeS (left panel) and radium IsotOpeS (right panel) In different parameter sets. 

panel) for the parameter sets used In our calculatIons. It is seen that the NL3 

parameter gives a higher O~ compared to other parameters for radium Isotopes. 

We next discuss exphcltly the correction to the weak charge ansing from the 

difference between the neutron and proton distributions. The small difference between 

qn and qp has the effect of modltymg the effective weak charge as (301 

(12) 

where 

LlO~P = N(1- qn/qp) (13) 

Assuming the difference by a small parameter, R~/ f17p = 1 + E, we have 

L\O~-P ~ N{ZO)2(O.221 E)/qp (14) 

Our RMF calculation gives LlQ~ p = 0.294 In TM1 . .1Q~ p = 0.306 In NL3. LlQ~-P 

= 0 285 in NL-SH parameters for 137Ba and L1Q~-P = 1.301 inTM1, LlQ;; P ::; 1.354 
In NL3 and LlQ~-P == 1 274 In NL-SH parameters for 226Ra. 
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We next study the panty violations by the 'Isotopic ratios'. The dependence of 
the panty violating amplitude on the atomic theory contribution A(Z) will cancel out in 
the ratio of two measurements performed In two different Isotopes of the same 
element, provided the A(Z) does not change appreciably along the ISOtOPIC chain. 
Unfortunately, although the atomic physIcs cancels in the ratios but the nuclear 
structure does not. We consider the follOWing two ratios [31] : 

and 

'R, = Ow (N:, Z) - OweN, Z) 
OweN, Z) + Ow(N, Z) 

O~ Mod(N',Z) + O;:C(N',Z) - O~ Mod(N, Z)- a:C(N, Z) 
s:::: -- --

a;) Mod(N', Z) + O~C(N', Z) + 0;) Mod(N, Z) + O~UC(N, Z) 
(15) 

OweN', Z) 0;) Mod(N', Z) + O~(N', Z) 
~ = Ow(N, Z) ;::: Q:J Mod(N, Z) + O~uc(N, Z) fteJ 

where N'(N) is the largest (smallest) neutron number. In the above the ;::: sign follows 
from that the qp remains constant along the whole IsotOPIC chain (see In the Tables). 
It has been argued In Ref [31] that corrections to Standard Model predictions or 
uncertainties in the nuclear structure are essentially same whether one uses the ~ 

or ~. We can write the n, approximately as 

'D _ W , W '1 + - Llq oS! Mod(N' Z) - oS! Mod (N Z) [ N' 1 
"'1 - a~ Mod (N', Z) + 0: MOO (N, Z) ~N n 

(17) 

where ~N = N'-N represents the difference In neutron number and ~qn = qn(N', Z) 
- qn(N, Z) Is the difference In qn's between two extreme isotopIc chainS. Since the 
atomic uncertainties have been eliminated from the (17), the remaining uncertainties 
in 'R, is the known accuracy in the neutron and proton rms radii. While the proton 
denSities have been determined with remarkable accuracy, the precise experimental 
information on the neutron distributions IS lacking. Thus the main nuclear structure 
uncertainty In the ISOtOPIC ratio comes from our limited knowledge of the neutron radii 
of heavy nuclei. The relative uncertainty In n, may be approximated as 

(18) 

We shall do the follOWing to determine the relative error in n1 i.8. llR,1!'R.1• We 
calculate the quantity .J(t) = (t(N'Z) - teN, Z»)/ (rp) where (N' Z) refers the heaViest 
member and (N, Z) to the lightest member of the isotope chains and (rp) is the 
average proton rms radiUS of the nuclei in the chain. Finally the model spread, c(Ll(~) 
Is calculated In the different parameter sets We found that the relative uncertainty In 
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the ratio 'Rio 6'R,fn, = 0.00293 for barium isotopes and 6'R.t!'R.1 = 0.00119 for radium 
Isotopes 

In conclusion, we have analyzed the Ba and Aa isotopes uSing a relativistic 

theory with different interactions and calculated the self-consistent ground state binding 
energies, the proton and neutron radII. Results have been compared with the available 

experimental data. We have also studied the nuclear weak charges for Ba and Aa 

isotopes. Singly charged Ions of these atoms have been suggested for possible 
measurements of PNC Our calculation Yields .6.0~-P lOw of a 38% for ' 37Ba and 1 % 

for 226Aa It IS also seen that the estimated relative uncertainty of the PNC ratios, 'R" 
in the isotopIc chains considered here IS around 0.11 % - 0.29%. These results will 
have an important bearing on high preCIsion studies of PNC in a single isotope or a 
cham of Isotopes of Ba+ and Aa+. 
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