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Relaticiste Had-vaétwtt\:& e S‘&rmatks

Z°Si(@) = 'S, [t = = ay(« z)“_]

12t

TABLE 1. Conmants for relativistic hydrogelike line strengths.
—_—

Transition Sn(1) e e a3 aq as
28y/2 — 21 2 18 5/6 -1/48 1/96 7/768 11/1536
28172 = 2p3)3 k| 1/3 0.110187 0.059476 0.037032 0.024925
3312 - 3p1 2 108 7/12 5/144 7/288 37/2304 53/4608
381/2 — 3p3/2 216 19/72 0.139267(  0.082219]  0.050840 0.033291
48172 = 4p1/3 360 9/20 3/64 17/640 87/5120 123/10240
43172 — 4p3)2 [fs) 103/480 0.147237 0.093466 0.058853 0.038459
5312 ~ 5p1/2 900 11/38 29/600 31/1200 157/9600 221/1
5812 — 5p3/2 900 0.100133 0.064068 0.041970

New P(e&tv:a Pmo.mtt\-v‘

='s 2l = Z‘Su A + B
1 - Za; L&(Z-Cﬂ Z-Q

.
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CURTIS, MATULIONIENE, ELLIS, AND FROESE FISCHER

PHYSICAL REVIEW A 62 052513

TABLE III. Results for the intercombination transition 55° !Sy~5s5p 3P, . Parentheses indicate quoted
uncertainties in the experimental values as propagated from Table 1.

A, (s™hH

MCDHF* - MCDHF®
Zion A(A) Expt. Coulomb Basbushkin Coulomb  Babwshkin SE°
48Cd 3262 0.000418(7) 0.000348  0.000343  0.000449  0.000356 0.000419
49 In 2307 0.0023(2) 0.00212 0.00197 0.00244 0.00210 0.00210
50Sn 1812 0.00676 0.00606 0.00701 0.00649 0.00614
51Sb 1499 0.0154 0.0142 0.0158 0.0147 0.0137
52 Te 1282 0.025¢6) 0.0304 0.0279 0.0310 0.0290 0.0261
531 1120 0.041(2) 0.053% 0.0490 0.0539 0.0509 0.0443
54 Xe 966 0.071(4) 0.0w62 0.0793 0.0868 0.0822 0.0702
55 Cs 896 0.132 0.120 0.131 0.123 0.104
56 Ba 814 0.189 0.175 0.189 0.180 0.148
57 La 746 0.256 0.256 0.263 0.251 0.202
58 Ce 688 0.352 0337 0.268
59 Pr 637 0.460 0.441 0.346
60Nd 593 0.586 0.563 0.439
61 Pm 554 0.730 0.705 0.547
628m 518 0.866 0.860 0.677
63 Eu 494 0.789 0.869 0.781
64Gd 465 117 1.21 0.950
65 T 439 1.45 145 1.12
66 Dy 417 1.73 1.70 1.31
67 Ho 401

204 1.96 1.47

*Biémont er al, [15)].
®This work, theoretical.

“This work, semiempirical, from fits shown in Figs. 3 and 4 and Egs. (21) and (22).

sition data could be effectively linearized by the same value
of C. Therefore the fits, subject to constraints So=2700 and
C(Res)=C(Int), yielded C=45.73, B(Res)=50709, and
B(Int)=46274. Summarizing, the predicted line strengths
can be specified by

S(Res)= | 77 50709 \/[cos 6\> ,
(Res) = (XH‘FS',’3 | (20)
)= 70ms 24 ) (300
S(Int)=| 27 +m T , (21)
cot2 0=0.298+16.628/(Z— 46.41). (22)

The fitting cofistents can swibvequemtly be sharpemed as
additional lifetime amd cmergy level measurements become
available. However it is sigmificam to nowe that Eqgs. (20)-
(22) summarize, in very ecomomical form, all of the infor-
mation that is presently known comcerning the line streagths
of these Cd-like transitions.

The resonance and intercombination transition probability
rates predicted by this semiempirical linearization are tabu-
lated in Tables II and III for 48<Z=<67, together with the
wavelengths and the MCDHF calculations. For Z> 50, the

results of the present calculation agree with the predictions
of the considerably more elaborate theoretical model of Ref.
[15]. This agreement indicates that the present approach
should be sufficient to characierize the iseelectronic trends
predicted by the MCDHF method st imermedime velves of
Z; that is, away from the mewwnl-Z ropton mt is complicmted
by extemsive electron comeioh cffects, not yet in the
high-Z region tmt is coMPiemed by comMewmmion interac-
ton resulting frof lével crovsimes dwe to the coMFaction of
the 4f shell. Alowsh the quamwitstive dEscription of the
high-Z region wowd régf¥e a COMMISeTa®ly Mdte thorough
theoTetical effort, WD dEvimions of obr Bwdretical results
fréfh the sTOOth sEPWerIfical isoeMciromic (fend in the
Hgh-Z repton itiette e PoswiBic BIEMsown of the setni-
cMpirienl formmeiasion based oh e simgie-comfiguration ap-
Proseh.

VL. CONCLUSIONS

The approximate linearities observed in the measured data
through their expositions as cot26 and Z2S, vs 1/(Z~C)
(with C optimally chosen) have been verified for the Cd
sequence by MCDHEF calculations in the region 48<Z<67.
This confirms the suggestion [4] that a few accurme lifetime
measurements for the 5s5p 'P, and 555p P, levels can be

082513-6



Contrast Cd and Mg
Isoelectronic Sequences

Cd:

48 electrons
theoretically challenging
midrange Z, many stable isoelectronic ions

80 electrons
very complex

only four radioactively stable ions

Cd:

Plunging levels from unfilled 4f subshell

perturb 5s5p for certain Z 3 60 ions
eventually replace 5s? as ground state

6s? and 6s6p remain below levels from 5f
and 5g through Z = 92

6s?-6s6p rates in radioactive elements
difficult to measure, but may dominate

radiative transfer in plasmas that contain
these ions.
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w

.  ad MCDSH Sxp SE MCDBF
:: 5 le 3 1189@" 1179 185 o171

‘ 1908.7  39(3)° 36.9 360 02307
2 PbH 1089 o30Nn) 18830 1827 161 160 02725
8 BNV 13171 91(7  s63 876 03065
M PV 11463 5.27 544 03417
8 AVl 1019.4 3.56 368 03675
% RaVI 919.9 2.87 265 0.3889
& BV 830.2 1.94 200  0.4070
8 RaIX 772.0 152 156 04223
8 AcX 718.7 1.23 125 0.4385
% T 667.4 1.01 108 0.4409
51 PaXn 0255 0853 0865 0.4509
$2 _UXm 588.7 0728 073 04856

’Mrmhbuudng m 13,

WWMW 10 12» 18.
valwes from this work
mmfng.u,mu.

25, (Res) = 86701 + 35.55/(Z - 75))

2°5,(Int) = 867001 + $L87/(Z 7))
c0t 20 = 0.3006 + 5.437/(Z - 78)

Ru/Ru = 09931 0. 0334/(2 79)‘ -

e i b e e ————— T e —



Dirac Formulation

For ns?-nsnp there are two radial wavefunctions R3; 2.
5,25

S(Res) o [Ry cos(8;; — 8) — Ry, sin(0;; — 0)]2.

S(Int) x [Rn sin(0,-,- - 0) + R31 COS(OJ‘J' - 0)]2

and the j; coupling limit

tané;; = \/%-
reduces by trigonometric identities to
S(Res)
cos?(8 — §)

S(Int)
sin?(8 — ¢)

Sr(Res) =

Sr(Int) =

where

R3, — Ry,
tang = va S = P
an{ = 2Ry + Ry
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Fig. 1. Upper promethium sequence. The average snergies of
the indicated configurations (41 '*Sp, 412512, 4f 2 5s25p), rela-
tive 10 that of 4f'Ss, are plotted against nuclear charge.
Included are both the Hartrée-Fock emergy (HF) and its
lowest-order relativistic correction '(Pauli). Also plotted for
W13 are the relativistic Hartee— Fock (HFR) results of Cowan
[5] indicated by triangles. Other symbols indicate results of the

present work. Energies are given in units of 10° cm ™! (kK).
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: 1 1 1 3
Z Ion : (s- P) : (S- P)
: 0 1 : (1] 1

AMRY 0 T . AMAY T(ps) .

MCDF : MCDP MNix ¢ NCDF Obs : MNCDF Mix HF/Cl1 Obs :
74  : 2493 : 20. i 42133 ¢ 182
75 Re : 237.5 : 17.4¢ 11.9 : 2398.4 : 608 393
76 O0s : 221.3 : 12.8 10.3 376.2 (366.3) : 802 833 281 :
77 Ir : 207.0 : 11.1 9.0 356.3 [347.0] : 421 285 240 [(260] :
78 Pt : 193.9 : 9.7 8.1 338.3 [330.0] : 3857 248 207 ([200] :
79 Au : 182.0 : 8.8 7.3 321.8 [313.6) : 307 219 180 [170] :
80 Hg : 171.0 : 7.5 6.5 $06.8 : 266 194 :
81 Tl : 160.9 : 6.7 5.8 293.1 232 172
82 Pb : 151.5 : 5.9 5.1 280.4 : 2085 183
83 Bi : 142.8 : 5.2 ;.5 268.7 : 182 1386
84 Po : 134.7 : 4.8 4.0 257.8 : 162 120
85 At : 127.2 : 4.1 3.8 : 247.17 146 107
86 Rn : 120.2 : 3.7 S.1 : 238.2 132 95
87 Pr: 113.6 : 3.3 2.8 : 229.4 : 119 86
88 Ra : 107.5 : 2.9 2.5 : 2321.2 : 109 79
89 Lu : 101.8 : 2.6 2.2 : 213.4 100 74
9O Th : 96.4 : 2.3 2.1 : 206.1 : 92 M
91 Pa : 91.3: 2.1 2.0 : 199.3 : 84 170 :

6: 1.8 1.9 : 192.8 A TR 2 :

92 U 8e.

MCDF: Curtis, JOSA B3, 1102 (1986); Grant-2 prograas.
Mix : Singlet-Triplet mixing with Pa line strengths.
Pa from Curtis & Ellis, PRL 43, 2099 (1980); NCMP+DPP.
HF/CI: Kaufman (person communjcation); Cowan code.
Obs: Kaufman, Heckmann, Tribert, M8ller, Lodwig & Blank

(poreonwi—consurriTEtIOM . P(u.,s . Sere, ‘f_?: ’105(49903 .
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TABLE III. Ne sequence 2p°3s ' P levels (lifetimes in ps).

Intercombination tramsitions Resonance transitions
Z Ion T Tpred Texpt Tored | sin 6
10 Ne 29600=+1000,10° 1470+100* 1547 0.2656
31700£1600,10%+ 1870+180,10%+
29800+2000,10°4 1300+100,10°+
11 Na 6000+1200* 5623 320120° 346 0.2131
10600:500,10%" 580-:60¢
12 Mg 1900+190° 1820 100+15° 131 0.2299
110+15.
-10
13 Al ) 637 mt;“ 63 0.2677
14 Si 248 28‘_';‘ 36 0.3171
15 P 130+30* 137 1847 21 0.3731
16 S 52+2f 52 14.5%1.08 15 0.4309
49+13b 1243k
17 ql 27+1f 27 13+1f 11 0.4872
34112b4 104204
3045 842
18 Ar 19+4% 16 6.5+2.0'5
34 Se 0.28 0.60]  0.7847
35 Br 0.24 0.53 0.7878
36 Kr 0.21 0.47 0.7904
37 Rb 0.19 0.42 0.7927
38 Sr 0.16 0.38 0.7947
39 Y
*This work. Wewterliad et ol., Ref. [61].

"Lawrence and Lisst, Ref. [56].
‘Kernahan et al., Ref. [57].

Schimgheck, Refs. [58,59].
‘Buchet et al., Ref. [00)].

$Kirm et al., Ref. [65).
"Gardner et al., Ref. [62].
'Berry et al., Ref. [63).

iExcluded from plot and fit.
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BRANCHING FRACTIoNS FRoMm DIFFERENTIAL
LIFETIME MEASUREMENTS

2s24 P

251 45



2sns 2s3p 2p

SO
lDzO
Branching Fractions (X)
2s3p 'P = 2s* 's,  2p* 'p, 2p''s,  2a: 's,
Be I 55.6 26.5 0.1 17.9
B II 68.6 14.4 13.9 3.0
CI1I1 87.3 11.6 0.8 0.2
N IV 89.9 9.5 0.4 0.1
ov 91.4 8.2 0.3 0.05
Ne VII 93.5 6.3 0.2 0.02
Fe XXIII 95.9 3.1 0.1 0.01

Bhatia & Mason, ABA 103, 324 (1981) [Fe)
Laughlin et al, J.Phys.B 11, 2243 (1978) (Others)
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TABLE II. Be sequence 2s3p '’ P levels (lifetimes ia ns
theses. Braaching fractions without labels are interpolated.

MEASUREMENTS AND DATA-BASED PREDICTIONS FOR Aa =] . ..

e e e e——
i

447

).mmm-mhmuumhmhm-

*Kernahaa et ol., Ref. [57).
*Laughlia et ol., Ref. [40].

“This work.
“Buchet-Poulisac and Buchet, Ref. (37].

*Engstrom et ol., Ref. [27].

. .
()

Intercombination traasitions Resonance transitions
4 lon T3, 4 Acape Agced r BF Acaps Agved sin §
5 B 0.0001|  1.98(9)° 0.606°  0.346(16) 038 00199
6 C 0.0004| 0.28(4)¢ 0873  3.12(45) 2908 0.0113
0.268(20)¢ 3.28(24)
T N 8.96(10) 8.72(12) 0.0033(20)°  0.0028]  0.087(5)° 0800  10.3(¢) 10.4| 0.010¢
0.10(2) %2)
8 O 5.31(5) 4747 0.0226(4)° 0.019) 0.041(4)° 0914°  22(3) %85| 0.0%0¢
0.037(3)8 25(2)
9 F 2.94(3) 2.24(¢) 0.102(9)° 0.100}  0.024(¢)° 0927  3(8) 63| o010
10  Ne 1.75(7) 1.00(6) 0.43(s)* 0.418 0.53¢° 18] o087
11 Na 1.10(16) 0.29(6) 2.54(73) 1.08 0.930 10| o000
12 Mg| 0.745(60) 0.145(20)  §5.55(9¢)' 5.7 0.943 %8| 01w
13 Al 0.515(50)  0.071(12)  12.1(24)' 17.6 0.94¢ & o100
14  Si 0.365(25)  0.03(7) 28.0(54)' a7 0.9¢49 o o.29m
15 P 11 0.961 22| 0.3um1
16 S 223 0.962 1088 0.4158
17 Cl 410 0.963 1337| o.e881
18  Ar ni 0.968 1584 05888
19 K 1133 0.988 1838 0.6200
M0  Ca 1732 0.96¢ 27| oem32

1 Sc 242¢ 0.957 375|  0.7T008
2 Ti 322¢ 0.987 78| 070
23V 4207 0.968 NE1| 01374
24 Cr $130 0.968 unB| o™
33 M 6303 0.950 “B| o™
26 Fe 7850 0.000 W™ o7



For the s?-sp transitions these are

<! Solr’Py >=[sin 6, ] M,
<! So|r|'P; >= [cos 6,)M

and for sp-sd

<} Polr’D; >=
<’ P)irP’D; >=
<3 Pyr’D; >=
<'Pir’D, >=
<> PjIrP’D} >=
< Pyr’D)) >=
<'PirP’D} >=
<} Pyr’D; >=
< Pn'D, >=
<3 Pyr'D)y >=

<'P|1'D) >=

(1 ]

— Mg,
V3
-;-cosol]Mpa.
-t l ]M
V&)
1 .
§'m9|]M~9

3
-

.JTsws 0) cos 62 + sin 6, sin Oz]Mw
r%(:os Bz]Mpa.

P

fg_i sin 6 cos 6; — cos 6, sin az]Mpd»

14

g
>

:/Tscosa. sin 6; — sin 6, W&]Mm

.%sin Oz]M,‘.
:
"Tfano, sin02+cotolcm0:]Mn-




lcot(26;)l

2.5 i
2.0 -
s
1.0

05

- Singlet-Triplet
- Mixing Angles

0.25

1/(Z-47)

0.20

0.35



lcot(26y)!

2.5

2.0

1.0 -

0.5

Mixing Angles

| Singlet-Triplet

e |

|

] L L L I

0.25

0.20

1/(Z-47)

0.30

0.35



Table 4: Data base of experimental lifetime measurements (Exp) and semiempirical predictions (
tion. Quoted measurement uncertainties are given in parentheses. The
and the 3D; and 3Dj3 predictions are based on the
levels (Theo) are included for comparison.

SE) based on this parametriza-
3P, predictions are based on the !P; measurements
3D; measurements. A few recent calculations for the lifetimes of the nsnp

Gall In II TI 11
Level Exp Theo SE*  Exp Theo SE° Exp Theo  SE®
3P, - 2445° 2380 440(40)° 598% 449  39(3)° 36.37  34.2
Py 0.41(3)9, 0.49(4)", - 0.79(5)*, 0.90(8)’ - 0.59(4)¢ 0574/ -
0.65(8)¢, 0.48(12)J
3D, - 0.66 0.86(3)* 0.86 - -
3D, 0.67(6)7 - 0.91(3)* - - -
35D; - 0.69 0.94(3)* 1.00 - -
'Dy  0.67(4)9, 0.73(T)™ - 0.77(3)* - 5(1)", 7(1)° -

¢ This work.

* Fleming and Hibbert [19].
¢ Peik et al. [22).

4 Chou et al [20].

¢ Henderson and Curtis [23).
/ Brage et al [21].

9 Engstrém [24]

" Andersen et al. [25).

i Sgrensen [26).

7 Ansbacher et al. [27].

* Ansbacher et al. [28].

! Andersen et al. [29].

™ Denne et al. [30].

" Andersen and Sgrensen [31].
? Shimon and Erdevdi [32].



Table 2: Wavelengths (in air for A>2000 A), multiplet fractions (in %), branching fractions (in %) and transition probability
rates (in ns~!) for the two supermultiplets. The transition probability rate predictions are based on the branching fractions
obtained by this formalism and the measured and predicted lifetimes given in Table 3.
Gall In II TI11I
Transition /\(A) R BF A /\(A) R BF Air /\(A) Rip BF A
1S,-3P, 2090.77  0.019 100 0.00042 2306.15 0.18 100 0.0023 1908.65 1.70 100 0.026

1S0-1Py 141440  99.98 100 2.19 1586.45 99.82 100 1.22 1321.70 98.30 100 1.69

3Pe-3Dy 1504.93 1594  56.13 0.854 1672.00 16.57 57.17 0.665 1499.34 4.14 60.31 -

3P;- 1515.11 11.71  41.23 0.627 1702.57 11.70 40.38 0.470 1568.53 8.81 37.55 -
3P,- 1536.90 0.75 2.63 0.040 177757 069 238 0.028 183749 0.38 1.64 -
1p,- 2318.68  0.002 0.01  0.0001 2560.06 0.02 0.07 0.001 2469.18 0.12 0.50 -

SUM 28.40 100 1.522 28.98 100 1.163 23.45 100 -
3P,-3D, 1514.51  21.11  75.79 1.131 1700.08 21.20 77.22 0.849 1561.60 25.22 79.30 -
3P,- 1536.28 6.74 2421 0.361 177486 6.23 2270 0.249 1827.99 5.80 18.24 -
1p;- 2317.27  0.002 0.01 <10-* 255444 0.023 0.08 0.001 2452.04 0.78 2.46 -

SUM 27.85 100 1.493 27.46 100 1.099 31.80 100 -

3Py-3D; 153531  27.03 100 1.448 1770.66 25.11 100 1.063 1814.85 33.49 100

3P1-1D, 1275.94 0.16 0.02  0.0003 1417.81 0.20 1.08 0.014 1593.19 3.21 2852 0.048
3P,- 1291.36 <107* <10-3 1075 1469.44 0.002 0.01 0.0001 187143 0.05 044 0.001
1p,- 1802.25  16.70  99.98 1.460 1966.71 1825 98.91 1.285 2530.88 7.99 71.04 0.118

SUM 16.72 100 1.460 18.45 100 1.299 11.25 100 0.167




TABLE III. Comparison of predicted trausition probabilities and branching fractions for the

555p 3P - 5s5d D maaifold in In II.

Aik(ns™?) BF(%)

Trausition RQDO° RQDO* SE¢ RQDO* RQDO* SE¢

555p 2Po - 585d 2D, 0.696 0.593 0.665 57.9 57.9 $7.17
5s5p 3P - 0.483 0.412 0.470 40.2 40.2 40.38
5s5p 3P, - 0.023 0.020 0.028 1.9 1.9 238
55p 1P - - - 0.001 - - 0.07
5s5p 3P - 565d 3D; 0.873 0.747 0.849 80.1 80.1 77.22
5s5p 3P; - 0.218 0.186 0.249 19.9 19.9 22.70
585p 1P - - - 0.001 - - 0.08
565p 3P; - 565d 3Dy 0.878 0.754 1.063 100. 100. 100.

% Lavin and Martin, rel. quantum defect orbital (15].

® Lavin and Martin, rel. quantum defect orbital with polarization [15}.

¢ This work.
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3

levels of the ground configuration p? can be deduced from this formalism using the
LS coupling angular transition matrices [12, 13]. The nonvanishing values are

(°PgIr[®P1) = (*P¢Ir|'So) = —(P%|r[*Po) = —/20 (10)
2CP§|r*P1) = —2(°P§|r|°P2) = (*P{|r|'D;) = 10 (11)

V5(PS|r[’P1) = (*P3|r[*Ps) = V/75. (12)

These equations yield, for the upper level 3py

(*Po/[r[?P3’) = —/20cos(Bs + 6o) (p?|r|sp) ' (13)
(*Py/[r[*PY') = Vb cos by (p?|r|sp) (14)
(®P2'|r|3Pg’) = 5(2sin 6 sin 6 + cos 6; cos ) (p?|r[sp) (15)
(Do’ [r[>P¢’) = —5(2sin 6; cos b3 ~ cos b, sin f,) (p?|r|sp) (16)
('So/[r[?Pg’) = —/20sin(6) + o) (p?|r|sp), (17)

for the upper level 3Pg’

(*Py'[r[PPg’) = 5 (p?|r|sp) (18)
(*Po'[r[’P§’) = V/T5 cos 6y (p?|r|sp) (19)
('Da'[r’P§') = VIBsin; (p2|risp), (20)
and for the upper level 1P¢’
CPo|'PY') = ~v20sin(6y + 60) (p2rlsp) (21)
(*Py/[r|'P{') = V/T5sin 6, (p2|r|sp) (22)
(®Py/[r]*P3’) = 5(2 cos b, sin B — sin b; cos 82) (p|r|sp) (23)
{('Do'[r|'P$’) = ~5(2 cos ; cos b, + sin 6; sin 02) (p?|r|sp) (24)
("So’[r|'P§’) = —v/20 cos(81 + o) (p2|r|sp). (25)

It should be noted that in a fully relativistic Dirac treatment the corresponding
expressions will involve two separate jj coupled radial transition matrices, and reduce
to equations (13-25) only if these two radial matrices are equal. Theoretical studies
of these relativistic corrections have been presented elsewhere (14].

For pure sp and p? configurations the energy levels (and thereby the mixing angles)
are specified [10] by three parameters (Fo, G1, p for sp and Fy, Fy, ¢pp for p2, in
the notation of Ref.[13]). Since the sp and p? configurations contain four and five
levels respectively, the specification of these three parameters is overdetermined. Here
this was treated by using the average energies ¢; of the J=0,1,2 levels to make an
exactly determined parametrization, computing the singlet-triplet splittings from this
parametrization, and then using the deviations as a measure of the validity of the
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Table 1. Comparison of semiempirical and measured branching fractions (in %) for Si1 and Ge 1.
SE denotes the semiempirical estimates of [3]. Expt denotes experimental measurements as cited,
with parentheses indicating quoted uncertainties in the last figure.

Sii ‘ Gei

Transition SE Expt (6] Expt [7] SE Expt 8] Expt [9]
Py ' 333 333017)  33.33) 3.2 325(16) 329
Py - 24.7 24.7(13)  24.7(4) 21.2 22.1(11) 203
P, 41.1 40.6(21)  40.7(4) 383  37.1(19)  36.1
'D) « 0.88 1.20(11)  1.2(1) 8.8 8.1(8) 10.3
'Sy « 0.06 <0.20(6) <0.20(6) 052  0.23(2) 0.38
Py <3P 252 24.6(13)  24.6(3) 264  27.2(14) 310
P« 74.8 75.4(36)  75.4(3) 731 72.1(14) 678
'D) « 0.020  0.0274)  0.027(4) 053  0.72(7) 1.3
Py «1PY 024 0.34(3) 0.30(2) 2.9 4.6(5) 45
Py 0.25 0.27(3) 0.20(2) 33 3.6(4) 3.6
P, « 0.15 0.25(3) 0.20(2) 1.0 1.68(17) 1.7
'D) « 92.0 93.4(47)  93.4(2) 862  86.1(14) 832

IS) « 7.4 5.7(3) 5.70(12) 6.6 4.0(4) 7.0




Si sequence.

Pn Sm Cliv Arv
Transition A (A) BF A (A) BF A(A) BF A(A) BF

Py <PY 111582 33 68149 328 46428 324 3373 31.9

P) « 15501 245 68288 242 46534 23.8 33845 232
P, « 115882 410 68538 408 46719 407 33991 405
'D) « 128433 13 78447 19 49598 29 35724 38
'Sy « 133449 012 83628 022 54692 032 38712 049
PrP3 114996 252 680,97 25.2 46301 252 33657 253
P, « 115373 748 68346 747 46484 746 33801 744
'D) « 127808 <10 73625 041 49334 2 355.14 037
PO —'PY 112495 022 67386 027 45568 034 33191 (47
Py« 112704 025 67522 034 45690 046 33275 0.65
P« 113066 0.11 677.66 <10~ 45848 <103 334.16 <10-?
'D) « 124983 888 72952 872 48618 86.1 35089 8s.2
'Sy «~ 148550 106 82482 121 53503 30 37968 136

\
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Table 5. Transition wavelengths and semiempirical branching fractions (in %) for ions in the Ge
sequence.

As i Se Briv
Transition A (A) BF X (A) BF A (A) BF

Py <P 126377 29.8 788.76 28.1 54993 288

P« 1280.99 200 79974 184 55798 186
Py~ 130570 38.7 81404 386 56745 408
"D, - 1448.59 105 87903 134 603.68 105
'Sy — I768.98 099 101730 1.5 67648 1.3
PPy 124308 262 77730 261 54544 261
P, 1266.34 727 79080 720 55448 1708
'D) « 140030 1.1 852.09 1.87 589.03 3.1
Py «'PY 120745 234 759.56 270 53447 19
Py~ 1223.16 295 769.74 350 54207 3.0
P, 1245.67 041 78297 032 551.00 <10~
'D) « 137507 844 843.00 822  585.08 826
'Sp, — 1660.56 990 96824 113 66323 126

‘\



Table 1. Wavelengths and semiempirical, theoretical and experimental branching fractions for
5525p*-55-3pbs transitions in Sn I and Sb I1.

Snl Sb 1]

BF(% ) BF(%)
Transition iA(A) SE® B L? CB* M’ MAY SE® | o
3?'0 -— 3?‘1” 286332 323 289 27 kY] 40 1438.11 30.2 334
Py -~ 3009.13 17.5 209 17 27 28 1504.19 16.1 23.8
’P’z - 3175.03 9.7 41 .8 39 22 22 - 156550 434 N9
'D': -— 3801.01 10.0 8.2 17 14 11 1762.24 9.5 5.7
'Sa -— 5631.71 0.5 0.2 - 03 0.2 2190.85 08 0.2
] . ’P‘z’ 2706.50 283 25.3 22 30 32 1384.66 27.8 143
’P': -— 2839.98 68.5 72.1 71 64 6] 1436.45 6.5 a4
'D’: - 3330.61 3.2 2.6 7 6 s 1600.39 6.6 b ¥ |
1Py ot P 2546.55 .2 36 8 2 25 131754 30 16
P, ~ 2661.24 6.8 36 4 13 14 1372.1% 60 18
]P: - 2790.18 0.01 08 - - - 1423.63 0.6 0.5
'D': - 3262.33 82.2 843 88 60 " 87 1584.56 80.2 84.7
'S, — 4624.75 6.8 7.2 - 6 4 1923.32 10.2 11.§

* Air wavelengths for 4 > 2000 A.

® Semiempirical. this work.
_ “Bieron er al {18], theoretical (MCDM-EAL with Babushkin gauge).
4 Lotrian e al. [19), arc emission.
¢ Corliss and Bozman [20], arc emission.
"Meggers et al. [21], arc emission.

Table V. Wavelengths and semiempirical branching fractions for 52 5p*-55s25p6s transitions in
multiply charged ions of the Sn sequence.

Te 11 11v Xe V GW
| Transition AA) BF(%) iA) BF(%) iA) BF(%) iA) BF(%)
1 AR o 928.30 30.1 666.29 0.0 $12.82 3l © 41031 310
P~ 971.19 15.6 698.04 15.3 538.56 16.1 431.99 15.6
P, -~ 1004.45 45.1 718.89 49.0 $52.94 0.0 442.2 1.2
'D, - 1106.63 8.5 783.98 5.0 600.38 24 an.2s 1.8
1S, 1310.56 0.7 $85.67 0.7 664.81 04 RN 0.
P~ P2 913.59 27.6 649.31 276 $00.55 27.6 N 277
P, -~ 942,97 63.6 667.31 578 $12.95 5.3 40N si.1
D, -~ 1032.46 89 723.04 14.6 $53.53 18.1 -~.0 212
P, ~ 'P¥ $66.40 2.1 619.65 1.5 4%9.19 0.7 N« 0.6
P~ 903.64 5.6 647.02 s.2 50.64 43 ™75 44
P, - 932.37 1.4 664.99 s.2 202.55 94 0s.52 119
- 'p, 1019.77 7.2 T™20.2 48 W14 7.6 495.37 C 13
S} -~ 1190.47 1.7 905.12 13.3 9.8 141 M. 14.6

e  _— —————————— .

© Physica Scripa 2000
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Dirac Formulation

< 3P, |r| 3P¢ >= V20Rs, (1)

< 3P, |r| 3Py >= —¥2[(Ra; + 2Ry;) cos b cos 6y — (2R3 + Ryy) sin o sin 6,

+V2(Ra1 — Ryy)sin(8o — 6))
(2)

< 3P1 ll'l 3P1° >= ﬂsz [(2331 + Ru)COS 01 + \/i(Ral - Ru)Sin 01] (3)

< 3P2 |l'| 3Pl° >= %[(4}231 + 2Ru)3in 01 sinﬂg + (4R31 - Ru)COCol 00803

—v2(Ra1 — Ryy) sin(6; — 6;))
(4)

< lDz |l‘| 3P1° >= —g[(‘tRa] + 2R11)Sin 01 (60 ] 02 - (4R31 - Rll)cosol Sin03

+\/§(R:n - Rll)cos(ol - 02)]
(5)

< 1So |l'| 3P1° >= —%?[(Ral + 2Ru)sin Oocosol + (2R31 + Rn)coeﬂosinh

—V2(Rs1 — Ru1) cos(8o — 6,)]
(6)



Intermediate Coupling Specification of Branching Fractions

[ k
Bi II 6s26p* — 6s%6pTs . 3p
2
l‘ 3.‘»4:
%
°
's
°
1
[ %2
02 3321»3
% |
) 3
P,
3
3P'
P

< 3P, [r| 3P? >= =20 cos(b; + &) < PPIr|sp >

< 3P, || *P? >= V15 cos b < pPirisp >

< 3Pg |l'| :‘P‘. >= 5(2'10 0,sinh; + cos §, ooc‘,) < p’|r|sp >

< 'D, |p] 2P >= -5(23in ) cos #; — cos b, 3in 83) < p’|r|sp >

< 1S, |r| 2P? >= ~v20sin(0, + &) < pirisp > .



Table 2: Pb I branching fractions and transition probability
rates for the 3P? upper level in the 6526p?-6526pTs multiplet.

Transition  A(A)*  BF(N)) BF(R)° BF(M)? A(ns-!)

3P, - 3Py 283389 0489 0310 0324  0.0529

3p - 3640.61 0.128 0.166 0.188 0.0284
3p, - 4058.95 0.381 0.520 0.500 0.0889
1D, - 7230.96 0.0029  0.0040  0.0005 0.00068
1S, - 17181 7x10-%  3x10-% - 6x10-9

¢ Vacuum wavelengths.

b Nonrelativistic, Ris/Ri=1.

¢ Relativistic, R13/R11=1.4590.

¢ Measured, Ref.[22].

¢ Relativistic, using BF(R) and 7=5.84 ns.

Table 3: Bi II branching fractions and transition probability
rates for the >P¢ upper level in the 6526p2-6526pTs multiplet.
Transition A(A)a BF(N)* BF(R)* A(ns—1)7
3Py -3Py 1436.83¢ .43 0.25 0.20

3p - 1777.11¢  0.12 0.16 0.13
3p, - 1902.31/  0.44 0.59 0.47
1Dy - 2804.2¢  0.004 0.005 0.004
15, - 3933.3¢  0.0002  0.0009  0.0002

¢ Vacuum wavelengths.

® Nonrelativistic, Ry3/Ry;=1.

¢ Relativistic, R13/R11=1.4224.

¢ Relativistic, using BF(R) and 7=1.56 ns.
¢ Reader and Corliss, Ref.[26)].

/ Wahlgren et al., Ref.[27].
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