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Energy differences and magnetic dipolg M 1) decay rates for the WP?* and Bi®** members of
the nearly-Z-independent(3ds,)®3ds,, J=3-J=2 transition
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Relativistic configuration-interaction results have been obtained for ttig33ds, J=3— J=2 transition
in W52 and BF*. If prior work on Gd?", Nd®8", Ba®*", and X&?" is a guide, the accuracy of our results
should be in the 1-2 % range. Both these species have recently been under active experimental study. The
transition itself is thought to provide a very useful plasma diagnostic tool because it lies in the optical region,
and is remarkably constant with [S1050-294{@9)06010-2

PACS numbgs): 31.25.Eb, 31.25.Jf, 31.30.Jv, 32.30.Jc

I. INTRODUCTION computer program of Desclaup8]. Output also includes
) evaluation of the Breit operator, both magnetic and retarda-
In 1991, Feldmaret al. [1] performed Dirac-FOCKDF)  tion parts, using first order perturbation theory, and an esti-
calculatuk)ns fkon\/ll ratles and energy dlffgrences among lev-mate of radiative effects, using the Welton pict{igg. This
els of 2p*, 3p®, and 31" ground configurationéclosed shells  ¢nction includes all relativistic configurations associated

had been deletgdThey were looking at highly ionized spe- i the 344 nonrelativistic manifold, even though one, the
cies, such as are found in plasmas, and seeking trans't'%d3,2)33d5,2 is dominant & 95%)

energiegand intensitiesthat might be observed using opti- e . ’ . .
cal means. All transitions but one were either found to be toq, Cg)lrrelatlo_r: te_ffectsf are |r;ﬁludid3 by rgarlf'r;? smfglethand
energetic(i.e., nonoptical or the initial state too highly ex- 2C4P'€ €xcitations -rom theén=s Subshells of the

cited (weaKly populated or having a more rapid decay chanl5725°2p®3s°3p®3d* nonrelativistic manifold. The radial

nel). The sole exception they found was thed§3)33ds;, J pqrts of the unoccupied_subshglls are represented by relativ-
=3-J=2 transition, which had the unusual feature that the/Stic screened hydrogenic functions, witk-1 +1, whose ex-
energy difference was nearly constant wihthus poten- Ponents Z*) are determined as part of the relativistic con-
tially allowing this line to act as a diagnostic for a great figuration interaction energy variational process. Further
variety of plasma ions. Specifically, the wavelength of thedetails of the method will be found in R€6], and the ref-
line changes about 14% in going frod=54 (Xe) to Z  erences cited therein.
=82 (Pb). The work of Feldmaret al. [1] included DF en- Results for the W and BF'" energy differences are
ergy differences ant¥l1 decay ratesfor both theJ=3—J given in Table I. Our prediction of 27766 cm for 3/ is
=2 andJ=3—J=4 transitions, where appropriate, for se- 434 cm ! lower than the prediction of Feldmaet al. [1],
lected members of the isoelectronic sequénce

In 1995, Morganet al. [2] experimentally observed the ~ TABLE I. Contributions (in cm™) to the (33,)%3ds, J=3

line in B&*" and X&2", and in 1996, Serpat al. [3] ob- ~ —J=2 energy difference.
served it in Nd&®" and Gd?". The Feldmaret al.[1] energy
differences were found to be5% (~1360 cm 1) too high ~ Origin Bi®** Wz
and Indelicatd4] tried to improve these results by including irac-Coulomb 30 598 29 053
some unspecified valence-shell and core correlations, wit
little success. As part of his work, he found a second nearlﬁsjgd ) —299 —ssl
Z-independent transition for @;,)34ds, J=3—J=2 (en- 3p2_>3d2 +1095 +855
ergy difference~13.340 cni® for W52*) and a less con- °° —3d —14 -2l
stant one in 45J=4—J=5, but neither of these is in the 3d—Vvd —2 —18
optical regime. 3d—vg —69 -95
In 1997, Beck[5] was able to reduce the error in energy 3d—Vi —-19 -19
differences to 1-2 % for the four measured wavelengths; th8p—vp +102 +121
1% value was associated with the more thorough calcula3p—vf —997 —880
tions (Gd?"), through a systematic inclusion of correlation 3p—vh -30 —24
effects, using relativistic configuration interaction. Since that3s—vd -18 —18
time, requests have been made by experime®&d for  Total correlation —251 —430
results for W?* and BP**, and we report these results here. pagnetic — 1256 —849
Hopefully they will also be at the 1-2 % level, which is still retardation +6 +5
a competitive accuracy. Radiative 12 _13
Misc. —-29
Il. THEORY AND RESULTS Total (this work) 29056 27 766
The zeroth-order function is generated by solving theother theory1] 28 200

Dirac-Fock-Coulomb equations for thel8levels, using the
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TABLE Il. M1 transition rates for decay of (3,)%3ds, J,=3 to (3d3,)33ds), J;.

Species dE (a.u) Ai (Ji=2) dE (a.u) Ai (J3i=4)
W52* (this work) 0.12651 246 st 0.244 47 12318t
W52* (Feldmanet al.[1]) 0.12849 263 st 0.25507 1424s!
Bi®* (this work) 0.13240 234§t 0.27271 1505 &t

and presumably5] closer to the experimental value, which —,3d(E). Here, E means the Coulomb Hamiltonian, ai
W'Hsatjre reporte2d+ shortly 7]. For the three elements: ¢,  means that the magnetic Breit effect is included. The triple
Nd*®*, and W?*, calculated by both Feldmagt al.[1] and  and quadruple excitationgpd— 3d?vf and P*— 3d* were
this author, the change in energy difference seems to be egjgq investigated for BF* J=3, but as these effects were
tirely due to correlation effects, as might be expected. Errorgm | (~130 cm 1), they were not included in the energy
for the first two species are 4.7% and 5.5% for Feldmanyitference. Because of the small size of the Misc. contribu-
et al.[1], whereas for Beck5] the errors are 1.4% and 2.0%. tjgns. they were not included for %/ . A similar approach
Several qualitative observations may be made. Fronyac taken for G¥* in the earlier works].

Table I, we see that the most important corrections to the |, Taple Il M1 transition rates are reported for58V and
Dirac-Fock-Coulomb result come from the magnetic Breitg;61+ ¢, the:]=3e‘]=2 andJ=3—J=4 branches. These

(i.e., there is a strong level dependenaed the $’2,—>3d_2 were calculated with programre [9], which includes the
and p—vf correlation effects, which act in opposite direc- gffect of nonorthonormality. There is little difference be-
tions. _ . _ tween the correlated and Dirac-Fock-Coulomb values, and
_ Comparing Table | of this work, with Table | of the ear- the gifference between the values of Table Il and those of
lier work [5], one notes that there is a strofigiependence of  Fojgmanet al. [1] for W52* is mostly due to the different
magnetic Breit, $*—3d” and 3—vf contributions. It wavelengths used. The Bf values reported in Table II

should also be noted that the total correlation contributionare calculated by Norqui§L0], who also obtaine&2 rates
declines significantly a& increases, which tends to Improve ¢, yhe =3 |evel. These have not been reported as they are
the relative accuracy of the multiconfigurational Dirac-Fock y,,ch smaller than th&11 rates

results(with nonaverage Breit includéed

The entry Misc. in Table I, for B", is a total of the
number of correlation effects too small to list explic-
ity. These include the following: &—vf?(E+M)
+vd?(E+M)+vdvg(E) +vsvg(E) +vfvh(E) +vdvi(E) I thank the Division of Chemical Sciences, Office of En-
+vgvi(E); 3p2—3dvd(E+M)+3dvg(E); 2p—vp ergy Research, U.S. Department of Energy, Grant No. DE-
+vf(E+M); 2p?—3d%(E); 2p3p—3d*E), and B FG02-92ER14282, for support of this work.
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