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Core-polarization effects in the cadmium isoelectronic sequence
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The oscillator strengths of the allowed and spin-forbiddef 5,—5s5p 1°P{ transitions in the cadmium
isoelectronic sequence are evaluated fo=Z8<57 using the relativistic Hartree-Fock approach, including a
core-polarization potential, and the multiconfiguration Dirac-Fock method, taking the valence and core-valence
correlation effects into account. A good agreement is noted when comparing the two sets of theoretical data
and when comparing theory with experiment for the spin-forbidden transition. The discrepancies observed
between theoryboth theories being in agreemgeand experiment for the singlet-singlet transition indicate that
some experimental data are in need of revision.

PACS numbd(s): 32.10—f, 32.30—r

[. INTRODUCTION mixing and a polarization model, have been published by
Migdalek and Baylig21]. Further investigations along the
In recent years, the allowed and spin-forbiddensame sequence were carried out by Migdalek and Bojara,
552 15,—5s5p 13P¢ resonant transitions of the Cd-like ions using the multiconfiguration relativistic Hartree-Fock
up to L&" have been the subject of different theoretical andscheme[22] or the single-configuration relativistic Hartree-
experimental investigations. The lifetimes of thes% °P°  Fock technique[23]. Similar discrepancies between theory
states were investigated in Cuith the level crossing tech- and experiments were also noted by Chou and Hyadg
nique [1,2], beam-foil spectroscopy3], the atomic-beam when the experimental oscillator strengths for the intercom-
laser-excitation techniquf4], and the phase-shift5] and  bination and resonance transitions in Cd-like ions were com-
delayed-coincidence methofi§]. In Ini, the experimental pared with the multiconfiguration relativistic random-phase
results were obtained by laser spectroscopy of lans  approximation(MCRRPA) results. These discrepancies are
stored in a radio-frequency trd@], by beam-foil spectros- reduced but still remain when a large-scale MCRRPA calcu-
copy[8—10], or by the delayed-coincidence methdd]. In  lation is performed that includes core-excitation channels
the subsequent ions along the isoelectronic sequence, thg5]. Recent theoretical results are due to et al.
available data are all beam-foil measurements corrected ¢26,27), who applied the relativistic quantum defect orbital
not corrected with the arbitrarily normalized decay curvemethod with and without explicit account for core-valence
technique9,12—-17. Some appreciable discrepancies are ob-correlation to the singlet-singlet transition, and to rBant
served when comparing all these experimental results. and Zeippen[28], who used the relativistic Hartree-Fock
On the theoretical side, some calculations are due to HelHFR) approach, taking intravalence configuration interac-
liwell [18], who used a nodal stability criterion to calculate tion and core-polarization effects into account.
wave functions and oscillator strengths, to Hafner and In order to give more insight into the problem caused by
Schwarz[19], who considered a relativistic pseudopotentialthe disagreement between theory and experiment for several
approach with core-valence correlation, and to O'Neilal.  Cd-like ions, and in order to definitely establish whether the
[13], who performed a multiconfiguration Hartree-Fock cal- persistent discrepancies theory-experiment emphasized in
culation of the oscillator strength of the resonance transitiordifferent papers are due to an inadequate theoretical model or
in the singlet system. Ir°f, however, theory and observa- to inaccurate experimental measurements, we compare, in
tion in Ref.[13] differ by a factor of 2. Hibber{20] has the present work, two different and completéhgependent
carried out a configuration interaction calculation taking va-theoretical approaches. Both consider valence correlation
lence correlation effects into account. Even when introducand, in addition, core-polarization effects in a detailed way
ing core-polarization effects into the calculations, some perusing either a semiempirical or a purey initio approach.
sistent discrepancies are observed between experimental amblese two methods are the HFR approach and the multicon-
theoretical lifetimes, particularly in the triplet system. Calcu-figuration Dirac-FocKMCDF) technique, which are both ad-
lations along the cadmium isoelectronic sequence, performeelquate for heavy ions where relativistic effects are expected
with an approach combining limited relativistic configuration to play a major role. The computer facilities available have
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allowed us to substantially refine the calculations as far as TABLE I. Adopted core-polarization parameters in the HFR
electron correlation is concerned, although the computegalculations.
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time required for the calculations is growing considerably
with the number of configurations introduced in the model,

particularly in the MCDF approach.

II. COMPUTATIONAL METHODS
A. The HFR method

For the Cd-like ions, accurate calculations of atomic
structure should allow for both intravalence and core-valence
correlation. Migdalek and Bayli29] have suggested an ap-
proach in which the largest part of the intravalence correla-
tion is represented within a configuration interaction scheme
while core-valence correlation is approximated by a core-

lon z ag(ad) r(ag)
Cdi 48 5.67 0.980
Inn 49 3.65 0.881
Sniil 50 2.48 0.799
Shiv 51 1.81 0.730
Tev 52 1.38 0.672
I vi 53 1.08 0.621
Xevill 54 0.86 0.576
Csvil 55 0.69 0.537
Baix 56 0.56 0.502
Lax 57 0.45 0.471

polarization model potential. For atoms withvalence elec-
trons, the one-particle operator of this potential can be writ-

ten as

r2

n
Vpy=—1 —— 1
P1 2 adizl (ri2+r§)3’ (1)

whereay is the dipole polarizability of the core amd is the

@ a
| Pm<r>r(1—(r2—+r"§)—w) Poi/(r)dr

ag (e
-— Pa(r)rP o (r)dr. (6)
reJo

In the present work, the wave functions were obtained by

cutoff radius that is arbitrarily chosen as a measure of thehe HFR method 32,33 using Cowan'’s suite of computer

size of the ionic core.

codes, in which we have incorporated the core-polarization

In addition, the interaction between the modified electricand core-penetration corrections as described above. The
fields experienced by the valence electrons gives rise to gelative contributions to energy levels and oscillator

two-particle term given by

Fi-Fj
ag 2. 2\ 2, v 2\732"
= Lri+rori+ro)]l

Vpo=— 2

A further correction, introduced by Hameed al. [30] and

Hameed[31], to allow for more accurate treatment of the

strengths of these two corrections have been estimated in the
ions Cd and Lax. We found that, while the effect on tran-
sition energies is very smal<0.5%), the introduction of
core-polarization and core-penetration corrections leads to a
reduction of the oscillator strengths by an amount-®0%
in both ions, from which~2% is due to core-penetration
effects.

Outer correlation was considered among the configura-

penetration of the core by the valence electrons, correspondi®ns 5%, 5sngn=6—10), 5sndn=5—10), 5p?, 5d?,

in the present formalism to the addition to the integral

°° r
fo Pn|(r)(r2+—rg)3/zpn/|f(f)df ©)

in Eq. (2) of the core-penetration term

1 (rc
r—gfo Pa(r)rPq (r)dr. 4

412, 52, 5p6p, 5p7p for the even parity and$np(n=6
—10), 5p6s, 5p7s, 5p5d, 5p6d, 5p7d for the odd parity.
The adopted core-polarization parametetg, andr., are
quoted in Table I. For the dipole polarizabilities, we have
used the values reported by Fraggal. [34] for the ions
Cdin—Laxi, slightly modified to obtain a smooth curve
along the sequence. The cutoff radiihave been adjusted to
match the experimental ionization potentials to within 1%,
with the constraint being that the behavior along the se-
quence is the same as the one obtained foathaitio HFR
average valueg) of the outermost core orbitalsd&° (see
Fig. ).

When including the core polarization and core penetration The ionization potentials used in this procedure were
in the Hamiltonian, the dipole-moment operator in the tran-taken from Moore[35] for the ions Cd to Shiv, from
sition matrix element also has to be modified for consistencyCrooker and JosHi36] for Tev, from Kaufmanet al. [37]

The dipole radial integral

FPm(rnPnr.,(r)dr (5)

0

has to be replaced by

for | vi, and from Kaufman and Suggs8] for the ions Xevii

to Lax. Using a well established least-squares-fitting proce-
dure[33], the values of the average energieg(5s?) and
E.(5s5p) and the Slater integrab*(5s,5p) have been ad-
justed to obtain the best agreement between the calculated
and the experimentaiS-1P° and 'S-3P° transition energies
taken from Moord 35] (Cdl, Inn, Sniii, Sbiv), Pinnington
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FIG. 1. Cutoff radii(r. in ag) for Cd-like ions, used in the
core-polarization modelZ.=Z—N+1=Z—-48+1 for the Cd-like
48-electron system.

et al. [17] (Shiv), Crooker and JosHi36] (Tev), Kaufman
and Sugaf38] (Xevi, Baix), Gayasov and JoslB9] (Cs
vill), and Gayaso\et al. [40] (Lax). The other Slater inte-
grals have been scaled down by a factor 0.85 whileate
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Xen(P)= 2 (15 MMy jm)Yio (6,¢)ém (). (10)

m| ,ms

The radial functions,,(r) andQ,,.(r) are numerically
represented on a logarithmic grid and are required to be or-
thonormal within eactk symmetry. In the MCDF variational
procedure, the radial functionand the expansion coeffi-
cients{c;} are optimized to self-consistency.

We investigated the cadmium isoelectronic sequence by
exploring the active space method for building the MCDF
multiconfiguration expansion. The latter is produced by ex-
citing the electrons from the reference configuration to a
given active setAS) of orbitals. The rules adopted for gen-
erating the configuration space differ according to the corre-
lation model being used. Within a given correlation model,
the active set of orbitals spanning the configuration space is
increased to monitor the convergence of the total energies
and the oscillator strengths of both the allowed and spin-
forbidden transitions.

The notation for the active sets consists of the pair of the
maximum principal and orbital quantum numbensl)(,ax
considered in the orbital set used for building the configura-
tion space. In this connection, since the principal quantum
number of virtual or correlation orbitals has no significance
in our method, and since it was convenient to treat the core
as having orbitals with principal quantum numlyes 4, the
4f orbital was inactive(i.e., ignored in our approach. Two

initio values of the spin-orbit parameters have been usedpb initio models have been investigated. In the first model,

without scaling.

B. The MCDF Method

In the multiconfiguration Dirac-Fock methodtl], the
Hamiltonian is given by

1

rij,

N
(3C¥i'pi+(,3i_1)02—E +> (7)

ri] i<j

where ¢ is the speed of light andv and 8 are the Dirac

valence correlation(V) is described by MCDF expansions
involving single and double excitation$D) from 5s? 1S,
and 55p 3P for even and odd parity, respectively, to the
(nDmax=5g and & active sets. These calculations are la-
beled MCDF-V(5) and MCDF-V(6&g).

The “optimal level” (OL) model has been selected,
choosing the lowest eigenpair 68, symmetry and the sec-
ond root for the!P$ symmetry. For the’P$ symmetry, we
selected an “extended optimal leve(EOL) model where
the three atomic state function3=0,1,2) are assigned their
statistical weight (2+1). In the MCDFV(5y) calculations,

matrices. The atomic wave functions are given as an exparyj| orhitals were optimized variationally. When adding an

sion overjj-coupled configuration state functiofGSFg

I\If(JMJw>>=Ei CilP (@ IM,ym)). ®)

The CSFs in turn are constructed from Slater determinant

built on the four-component Dirac orbitals

1 Pre(r) X em(F)

=1 1iQue(N)x— (P ©

extra layer (@), the orbitals up to/=5 were taken from the
corresponding MCDFV(§) calculation and only the last
nine orbitals &;_,.. 1/, corresponding to &1<4 were varia-
tional.

In a more elaborate modealpre-valence correlatiofCV)
is also included by considering SD-core-valence excitations
rom 4d°5s? 1S; and 44'°5s5p 1¥PY for even and odd
parity, respectively. These calculations are labeled
MCDFCV(AS), where the orbital active set is specified by
(nl) max, @s described above. Thé ,56f, and 7 active sets
have been considered, with the additional constraint that a
maximum of one hole is created in thel 4ubshell. Then

In the expression above,is the relativistic angular quantum =4 radial wave functions were taken from the valence cor-
number,P,.(r) andQ,,.(r) are the large and small compo- relation MCDFV(5) calculation for the threk S7 symme-

nent radial wave functions, ang.(f) is the spinor spheri-
cal harmonic in thdsj coupling scheme

tries, and kept frozen in the variational procedure. Only the
n=5 orbitals are optimized, using the OL/EOL model as
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TABLE Il. Comparison of MCDF excitation energieAE peor, With experimentAEqyq (in cm™b).

5s” 1S;-5s5p *PS 5s” 1S,-5s5p P9
lon z A Etheor A Eexpta A Etheor A Eexpta
Cdi 48 30818 30656 43512 43692
Inn 49 43 655 43349 62714 63034
Snii 50 55 646 55196 79538 79911
Sb1v 51 67 283 66 700 95566 95 956
Tev 52 78737 78025 111313 111708
i 53 90 095 89 262 127037 127 424
Xevi 54 101403 100451 142889 143261
Cavi 55 112700 111628 158 984 159 326
Baix 56 124 003 122812 175402 175711
Lax 57 135123 134020 192218 192481

8 rom Ref.[35] (CdI to Shiv), Ref.[36] (Tev), Ref.[37] (I vi), and Ref[38] (Xevil to Lax).

described above. When further extending the active sef to 6error compensation in the theoretical line strength and en-
and 7, only the orbitals of the last layer were variational. ergy factors.

For the MCDFCV(7 ) calculation of*P$, however, the OL

optimization model has been chosen instead of the EOL in A. The singlet-triplet transition

order to limit the size of the expansion, which still reaches _. . .

7404 relativistic CSFs. This rather large calculation has been Figure 3 S.hOV\./S the change in the oscillator strength as
performed only for the heaviest ion considered in the prese ore correlation is added as a fqnctlon of the nuclear charge
work, i.e., L&T(Z=57), due to the extensive computer re- Note _the exceller_1t agreement in the gauges for the va_Ia_lnce
sources that it requiresnore than 12 h of CPU time using correlation calculation, but that Fig. 2 showed the transition

eight parallel processors on a Silicon Graphics Origin 2000 energies to be in considerable error. It is clear that agreement
between gauges alone does not guarantee the accuracy of

oscillator strengths. As more core polarization is included,
IIl. DISCUSSION the oscillator strength increases, particularly for higier
This can be expected sindeorbitals become increasingly
The ab initio MCDFCV excitation energies and fine-
structure splittings corresponding to the largest active sets TABLE Ill. Comparison ofab initio MCDF and observed fine-
are reported and compared with observation in Tables Il andtructure splittings of 85p 3P° (in cm™3).
[ll, respectively. The agreement is quite satisfactory, to
within 1% for the AE, of Table Il and 4% for the C\M{ lon Z JJ V(6g) CV(5f) cCV(6f) Expt.
=6f) calculation of Table Ill. As illustrated in Fig. &ot-
ted Ii21e), the excitation energies obtained at the \?alence corgd' 48 10 480 512 523 542113

relation level of approximation are systematically too low. 21 1483 1088 1126 1170.866
Core-polarization effects are large indeed, and their inclusior" 49 10 1017 1034 1041 1074
is essential to get close agreement between theory and ex- 21 2242 2349 2395 2478
periment. Snm 50 10 1613 1603 1605  1648.4
The oscillator strengths for the spin-forbidden and the al- 2-1 3728 3860 3918 40322
lowed 52 'S,—5s5p 3'P? electric-dipole transitions, cal- SPv 51 10 2261 2214 2208 2265
culated using the CoulomtC) and BabushkinB) gauges 2-1 5477 5644 5714 5860
[42] in the MCDF approximation, are displayed in Fig. 3 and Tev 52 10 2961 2863 2850 2915
4, respectively, for the different correlation models, together 2-1 7510 7724 7810 7981
with the HFR results. The experimental oscillator strengthl vi 53 1-0 3709 3549 3525 3596
values, with their error bars, are shown when available. 2-1 9855 10128 10232 10423
The theoretical oscillator strengths calculated in theXevi 54 1-0 4503 4265 4231 4311
present work using both the HFR and MCDF methods are 2-1 12538 12884 13007 13223
reported in Table IV for the spin-forbidden and the allowedCsvii 55 1-0 5339 5010 4964 5054
5s? 15,—5s5p 31P{ electric-dipole transitions. In the 2-1 15591 16023 16167 16403
MCDF approach, the comparison is limited to the most com-Baix 56 1-0 6215 5780 5720 5821
plete core-valence calculations, i.e., MCDFCY(6 or 2-1 19044 19576 19740 20000
MCDFCV(7f). They are compared with other theories in Lax 57 1-0 7125 6572 6499 6613
the same table. The reported MCDF radiative data have been 2.1 22932 23577 23766 24 046

calculated using the experimental transition energies to avoid
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4d"%55°'S, - 4d"5s6p P, 4d"ss*'s, - 4d'"°5s5p 'P,
150000.0 . : i :

1.80

5 obs. S
e CV(BE) N
—— cv(sf) 1.70 -
- Vg .
. CV(7h) :
1.60
100000.0 -
g £ 150
& 8
2 £
& £ 140 1
0000.0 - = —/
5 5 , e CV(5f) Coulomb
o 13+ T/ =--—u CV(5f) Babushkin| 7
* - -+ CV(6f) Coulomb
= - - CV(6f) Babushkin
1.20 - & -— CV(7f) Coulomb | 7
—_ v -—v CV(7f) Babushkin
0.0 s \ \ \ . 110 b o— HFR
47.0 49.0 51.0 , 53.0 55.0 57.0 . o Experimental
FIG. 2. Excitation energieén cm 1) of 5s5p 3P9 of Cd-like 10070 49.0 51.0 53.0 55.0 57.0 59.0
ions. z

FIG. 4. Oscillator strengths of 5 1S,-5s5p P9 in Cd-like
important. It appears that the calculations may not have conens. The experimental valugwith error bar$ are taken from the
verged, that more layers may be needed, but the one calctollowing sources: Cd (Z=48), [1,3,5; In1 (Z=49), [10]; Snu
lation that also includes the=7 layer of orbitals has excel- (Z2=50), [12]; Sbiv (Z=51), [17]; Tev (Z=52), [44]; IvI (Z
lent agreement in gauges, and lEstweerthe Coulomb and  =53), [15]; Xevi (Z=54), [44].

Babushkin values of the previous calculation. As can be seen

from both Table IV and Fig. 3, the MCDFvalues corre-  singlet-triplet and the singlet-singlet transitions, are some-
sponding to the most complete correlation modeV(6f)  what larger than the results obtained in the present work, but
or CV(7f)] are systematically higher than the HFR results.it should be emphasized that RE28] was a large-scale cal-
The largest relative difference occurs for Caven if this  culation that did not specifically focus on the two transitions
cannot be realized from the figure because of its scale. Exconsidered here. Figure 3 shows that the agreement with ob-
cept for neutral cadmium, the relative difference betweenservation[43] is rather good for T&(Z=52). For higher
MCDF and HFR never exceeds 15%, and it occurs when thayclear charges {1,Xe®"), the experimental accuracy looks
Coulomb gauge is selected for the MCDF approach. overestimated13,14. Experimental work would be very
For In*(Z=49), our theoretical calculations together with welcome forz=55-57 for assessing the reliability of the
the radio-frequency trap laser spectroscopy measurement gfesent theoretical work in that range.
Peik et al. [7] definitely invalidate the beam-foil result of
Andersenet al. [8]. Thef values of Ref[28], both for the B. The singlet-singlet transition
The oscillator strengths of 5 1S,—5s5p P{ are dis-
played in Fig. 4. The MCDF results now exhibit an oscillator
behavior as more correlation orbitals are added. mker
Coulomb and Babushkin results now define a narrow band
that lies between those for=5 andn=6. As it also appears
in Table IV, the agreement between the most elaborate
MCDF calculationsf MCDFCV(7f)] and HFR results is
rather satisfactory. The correspondiinalues are systemati-
cally lower than the gauge independent multiconfiguration
relativistic random-phase approximatiGOMCRRPA) results
of Chouet al.[25] (which are not displayed in the figure but
given in Table V.
For neutral cadmium, the MCDFCV(7 and HFR results
support the large oscillator strengfti=1.42(4)] derived
. from the old level crossing lifetime measurement of Lurio
470 290 510 530 550 570 and Novick[1] against the smalldrvalues obtained from the
z phase-shif{5] or beam-foil[3] lifetime measurements. The
FIG. 3. Oscillator strengths of 5 1S,-5s5p 3P? in Cd-like ~ Present theoretical work has improved on the whole the
ions. The experimental valuéwith error barg are taken from the ~theory-experiment agreement along the sequence, but the
following sources: Cd (Z=48), [2]; Inu (Z=49), low value[7], even cascade-corrected experimental results from Pinnington
high value[8]; Tev (Z=52), [43]; I vi (Z=53), [13]; Xewn (z  and co-workerd12,44,15 are definitely too low for SH,
=54), [14]. Te*" and P*(Z=51-53).

4d"°55°'S, - 4d"5s5p °P,

+——= V(6g) Coulomb
{ | == V(6g) Babushkin
0.060 *——e CV(5f) Coulomb

w--u GV(5f) Babushkin

& - - CV(8fy Coulomb

= - - = CV(6f) Babushkin
4 CV(7f) Coulomb
v CV(7f) Babushkin

——o HFR

o Experimental

o
o
'y
o

Oscillator strength

0.020 -
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TABLE IV. Comparison of HFR and MCDF-CV oscillator strengths a5S,—5s5p P9 with other theories.

Present work Other theory

z HFR MCDFCW® CIv3® MCDF+POL® CIRHF+CP MCRRPA® RQDO+POLf HFRY
lon C B

552 15,—5s5p °PJ

Cdi 48 0.00232 0.00167 0.00164 0.0027 0.001 25 0.008 11 0.001 304

Inu 49 0.00519 0.00507 0.00471 0.0064 0.003 25 0.006 03 0.004 00 0.0073
Snii 50 0.00904 0.00994 0.00896 0.00599 0.008 72 0.007 90

Shiv 51 0.0139 0.0156 0.0143 0.009 51 0.01285 0.01287

Tev 52 0.0197 0.0225 0.0206 0.0137 0.0185 0.018 80

Ivi 53 0.0262 0.0302 0.0277 0.019 0.0187 0.0244 0.02554

Xevil 54 0.0337 0.0386 0.0355 0.030 0.0241 0.0301

CsVill 55 0.0417 0.0474 0.0437 0.0301 0.0370

Balix 56 0.0506 0.0566 0.0523 0.0367 0.0445

Lax 57 0.0601 0.0639 0.0638

552 15,—5s5p 1P

Cdi 48 1.388 1.401 1.455 1.764 1.355 1.35 1.19

Inn 49 1.522 1.538 1.562 2.204 1.578 1.57 1.44 1.636
Snii 50 1.540 1.561 1.567 1.609 1.60 1.748 1.46

Sbiv 51 1.534 1.560 1.557 1.615 1.62 1.717 1.40

Tev 52 1.528 1551 1.541 1.626 1.57 1.685 1.39

i 53 1514 1.538 1.523 2.174 1.614 1.57 1.655 1.33

Xevil 54 1511 1.523 1.503 2.154 1.600 1.57 1.626 1.36

Csvii 55 1.501 1.504 1.482 1.700 1.60 1.35

Baix 56 1.496 1.486 1.461 1.703 1.61 1.33

Lax 57 1.496 1.467 1.440

aCV(7f) for the singlet-singlet transition in all ions. CV{§ for the singlet-triplet transition in all ions but FA[CV(7f )] (C and B stand
for the Coulomb and Baushkin gauges, respectijvely

PHibbert [20].

‘Migdalek and Baylig21].

9Migdalek and Bojard23].

€Chouet al.[25].

fLavin et al.[26].

9Biemont and Zeippef28].

C. Comparison of lifetimes IV. CONCLUSION

The HFR and MCDF lifetimes of &p *°P are com- Experimental and theoretical values for the oscillator
pared in Table V with the available experimental values a”dstrengths of the & 1S,—5s5p 1%P? transitions and for the

with the semiempirical predictions of Curfi$5] made in the Igetimes of the B5p 13P¢ levels in the Cd isoelectronic

context of a data-based isoelectronic parametrization. For th . .
sequence have been examined in the context of the evalua-

5s5p PY lifetimes, the agreements between the two ap-> _ S .
proaches and between the Coulomb and Babushkin resulig’n of the importance of core-polarization effects. Regulari-

within the MCDF approach are almost perfect, supporting!€S &long the sequence and coherence among the HFR and
the validity of the theoretical results. MCDF results have been used to identify erroneous or inac-

The Ss5p 3P? lifetimes are obviously more difficult to curate measurements. The predictive power of the two meth-

evaluate than those of the singlet states. In the McDfds for heavy ions such as those considered here is defini-
method, the largest difference between the Coulomb an#Vely established from their high degree of convergence,
Babushkin formalisms occurs for 8n(11.5%). For this ion provided configuration interaction is considered in the calcu-
and higher nuclear chargeg#50), the Babushkin gauge lations in a suff_iciently extensive way an_d from the good
gives a systematically better agreement with the HFR result@greement that is observed when comparing theory with the
As mentioned above, the comparison for neutral cadmiunfost accurate experimental measurements presently avail-
Cdi reveals a large difference between HFR and MCDFable. Further refinements in the future of the theoretical re-
Most of the experimental lifetimes are between the two thesults cannot be ruled out but are presently excluded basically
oretical sets. by the computer capabilities.
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TABLE V. Lifetimes (in ng) for the 55p 1'3P§’ levels in Cd-like ions. For the MCDF result&Z/B) stands forfCoulomb/Babushkin

lon Level HFR MCDF(C/B) Experimental or empirical estimates
Cd p9 1.70 1.68/1.62 1.660.052 1.9+0.15" 2.1+ 0.3¢ 1.554
3pe 2065 2869/2914 23964078 2420+ 60, 2490+ 1309
2500+ 250" 2140+ 60!
2050+ 50! 2180+ 70X 2391
In 1po 0.74 0.736/0.725 0.960.08! 0.79+0.05™ 0.76(
3p? 462 472/508 125 25" 440+ 400 566"
Snii P9 0.46 0.451/0.450 0.540.10! 0.47+0.03P 0.52+0.059 0.49¢'
3p? 163 148/165 196
Shiv P9 0.32 0.313/0.314 0.560.06! 0.38+0.04! 0.349
3p? 72.9 64.8/70.6 85%
Tev P9 0.24 0.232/0.234 0.410.06! 0.260+0.25% 0.28+0.02! 0.263'
3p9 37.6 32.9/35.8 48105 42.¢
Ivi 1p9 0.18 0.180/0.182 0.250.03" 0.215+0.012! 0.206
3pe 21.5 18.7/20.4 244121 23.¢
Xevil 1p9 0.15 0.144/0.146 0.180.01% 0.15+0.01! 0.165
3po 13.2 11.6/12.6 140807 14.3
Csvii 1p9 0.12 0.118/0.120 0.184
3po 8.6 7.6/8.3 9.14
Baix p9 0.10 0.098/0.100 0.1f1
3po 5.9 5.3/5.7 6.1%
Lax p9 0.08 0.083/0.084 0.094
3p? 4.2 3.9/3.9 4.2%

3 urio and Novick[1].

bAndersen and Sorensgl].

‘Baumann and SmitfB].
dSemiemprical predictions of Curtjg5].

Byron et al.[2].

fvan der Veert al.[4].

9Schaefelf6].

"Koenig and Ellet{46].
'Webb and Messengé47].

IMatland[48].

KGeneux and Wanders-Vincef49].
'Andersenet al. [9].
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