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ABSTRACT

The weighted oscillator strengths (g f) and the lifetimes for Si vi presented in this work were carried
out in a multiconfiguration Hartree-Fock relativistic (HFR) approach. In this calculation, the electro-
static parameters were optimized by a least squares procedure, in order to improve the adjustment to
experimental energy levels. This method produces g f-values that are in better agreement with intensity
observations and lifetime values that are closer to the experimental ones. In this work we presented all
the experimentally known electric dipole Si v1 spectral lines.

Subject heading: atomic data

1. INTRODUCTION

The ground state configuration of five times ionized
silicon, Si vr, is 1s* 252 2p° with the term 2P. Si v1 belongs to
the F 1 isoelectronic sequence. The ionization potential for
Si vi is 1653900 cm~! (205.06 eV). The spectrum was
analyzed for the first time by Soderqvist (1934) and Ferner
(1941) in the grating incidence region 65-250 A. In 1971,
Moore summarized the energy levels of Soderqvist (1934)
and Ferner (1941). Griffin, Pegg, & Sellin (1976) and Tribert
et al. (1976), using the beam-foil technique studied the
spectra of highly ionized stripped silicon ions in the extreme
ultraviolet and some Si v1 lines were classified. Artru &
Brillet (1977) extended the analysis of this spectrum into the
VUY region. Furthermore, they improved the accuracy of
the majority of the known levels. Kelly (1987) summarized
all the wavelengths published for Si vi. Trigueiros et al.
(1991, 1992) using laser produced plasmas analyzed the
spectrum of Si viin the VUV region.

The purpose of this work is to present a review of all
known electric dipole transitions of Si vi, their oscillator
strengths calculated from fitted values of the energy param-
eters and the lifetimes, calculated by the same method, for
all known experimental energy levels. The work we present
here was stimulated by the desire to determine weighted
oscillator strengths and lifetimes for the Si vi spectrum.
Both parameters are important in the study of laboratory
and solar spectra, as silicon is an astrophysically important
element. No extensive source of g f and lifetime values cur-
rently exists for this element.

2. CALCULATION

The oscillator strength f(yy’) is a physical quantity related
to line intensity I and transition probability W(yy’), as given
by Sobelman (1979):
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Here m is the electron mass, e is the electron charge, y is the
initial quantum state, w = [E(y) — E(y')]/A, E(y) is the initial
state energy, g = (2J + 1) is the number of degenerate
quantum states with angular momentum J (in the formula
for the initial state). Quantities with primes refer to the final
state.

In the equation above, the weighted oscillator strength,
g f,1s given by Cowan (1981):

_ 8a’mcaj o
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where o = |E(y) — E(y')|/hc, h is Planck’s constant, c is light
velocity, a, is the Bohr radius, and the electric dipole line
strength is defined by

S = KM|PlyTHI> . G

This quantity is a measure of the total strength of the spec-
tral line, including all possible transitions between m, m’
different J, eigenstates. The tensor operator P! (first order)
in the reduced matrix element is the classical dipole moment
for the atom in units of —ea,,.

To obtain g f, we need to calculate S first, or its square
root:

9f S,

@)

Sy7 = QJIPH YTy . )

In a multiconfiguration calculation we have to expand
the wavefunction |yJ) in terms of single configuration wave-
functions, |8J ), for both upper and lower levels:

lyJ> = %:)’};J BT . )

Therefore, we can have the multiconfigurational expres-
sion for S;/?:

Sy = ; ;y%xlﬂ IPYIBT Y yr (6)

The probability per unit time of an atom in a specific
state yJ to make a spontaneous transition to any state with
lower energy is

P(yJ) =Y A(J, ), (7)
where A(yJ, y'J’) is the Einstein spontaneous emission tran-
sition probability rate for a transition from the yJ to the y'J’
state. The sum is over all y’J’ states with E(y'J") < E(yJ).

The Einstein probability rate is related to g f through the
following relation given by Cowan (1981):

8n2e’a?
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TABLE 1

WEIGHTED OSCILLATOR STRENGTHS AND SPECTRAL LINES FOR THE Si VI SPECTRUM

WAVELENGTHS® (A)

LeveLs? (cm™1)

g f-VALUE® INT.P Observed Calculated Lower Upper CONFIGURATIONS® TERMS® J-Je REF.
1.03 x 1071...... 20 65.004 65.003 0 1538386 1522522p° 2s?2p*(1D)5d 2pe_28 3/2-1/2 1
1.66 x 1072...... 10 65.211 65.219 5090 1538386 2s22p® 25%2p*(*D)5d 2pe-2§ 1/2-1)2 1
560 x 1071...... 20 66.772 66.771 0 1497653 25%2p® 25s22p*(*P)5d 2p°-2p 3/2-5/2 1
424 x 1072...... 10 66.796 66.796 0 1497095 2s22p® 2522p*(1S)4d 2p°-2p 3/2-5/2 1
337 x 1071...... 50 69.204 69.204 0 1445003 2s%2p® 25%2p*(*D)4d 2p°-2p 3/2-5/2 1
1.59 x 107t...... 250 69.236 69.236 0 1444335 2s22p° 2s22p*(1D)4d 2pe-2§ 3/2-1/2 1
220 x 1071...... 50 69.421 69.421 5090 1445575 2s%2p® 25%2p*(*D)4d 2p°-2p 1/2-3/2 1
823 x 1072...... 100 69.448 69.447 5090 1445027 25%2p® 2s22p*(1D)4d 2pe_2p 1/2-3/2 1
302 x 1071...... 250 71.181 71.181 0 1404870 2s%2p® 2522p*(3P)4d 2p°-2p 3/2-5/2 1
217 x 1072...... 100 71.273 71.272 0 1403085 25%2p® 2s22p*(*P)4d 2p°-2p 3/2-3/2 1
334 x 1072...... 10 71.304 71.303 0 1402472 2s22p® 25s22p*(*P)4d 2pe-2p 3/2-1/2 1
1.61 x 1072...... 50 71.340 71.339 0 1401755 2s%2p° 2s22p*(*P)4d 2pe_4p 3/2-5/2 1
1.00 x 1074...... 150 71.366 71.366 5090 1406317 2s22p° 2s22p*(*P)4d 2pe-2p 1/2-3/2 1
235 x 1072...... 200 71.384 71.384 0 1400877 2s22p® 2522p*(3P)4d 2pe_4p 3/2-3/2 1
1.89 x 1071...... 50 71.474 71.474 0 1399117 25%2p® 25s22p*(*P)4d 2pe_4F 3/2-5/2 1
333 x 1071...... 50 71.534 71.531 5090 1403085 2s22p® 2522p*(3P)4d 2p°-2p 1/2-3/2 1
547 x 1072...... 50 71.561 71.562 5090 1402472 25%2p® 25s22p*(*P)4d 2pe_2p 1/2-1/2 1
200 x 1074...... 10 71.644 71.644 5090 1400877 25%2p° 2522p*CPYd  2P-*P  1/2-3)2 1
1.03 x 107t...... 10 71.718 71.718 5090 1399439 2s%2p® 2s22p*(*P)4d 2p°_4F 1/2-3/2 1
394 x 1072...... 50 72.896 72.892 0 1371884 2s22p° 25s22p*(1D)4s 2p°-2p 3/2-5/2 1
421 x 1072...... 200 75.193 75.191 0 1329941 2s22p® 2522p*(3P)4s 2pe_2p 3/2-3/2 1
720 x 1073...... 50 75.486 75.480 5090 1329941 25%2p® 2522p*(3P)4s 2pe_2p 1/2-3/2 1
1.14 x 1072...... 50 75.587 75.398 0 1326302 2s22p® 2522p*(3P)4s 2po_4p 3/2-3/2 1
375 x 1071...... 500 77.429 77.429 0 1291505 25%2p° 2522p*(18)3d 2p°-2p 3/2-5/2 1
272 x 107t...... 300 77.718 77.718 5090 1291798 2s22p® 25s22p*(18)3d 2p°-2p 1/2-3/2 1
197 x 1071...... 250 80.395 80.394 0 1243878 2s%2p® 25%2p*(*D)3d 2p°-2p 3/2-3/2 1
1.59 x 10° ....... 500 80.449 80.450 0 1243012 25s22p° 2s?2p*(1D)3d 2p°-2p 3/2-5/2 1
211 x 1071...... 250 80.491 80.489 0 1242408 2s%2p® 25%2p*(*D)3d 2pe_2p 3/2-1/2 1
7.83 x 1072...... 500 80.501 80.503 0 1242190 25%2p® 2s?2p*(1D)3d 2p°_2F 3/2-5/2 1
1.33 x 10° ....... 600 80.577 80.578 0 1241035 2s%22p® 25%2p*(*D)3d 2pe-2p 3/2-3/2 1
600 x 1071...... 500 80.698 80.698 0 1239194 2s%2p° 2s?2p*(1D)3d 2pe-28 3/2-1/2 1
1.01 x 10° ....... 500 80.725 80.724 5090 1243878 2s22p® 2s?2p*(1D)3d 2p°-2p 1/2-3/2 1
627 x 1071...... 400 80.821 80.820 5090 1242408 2s%2p® 25%2p*(*D)3d 2pe_2p 1/2-1/2 1
291 x 1071...... 400 80.908 80.910 5090 1241035 25%2p® 2s?2p*(1D)3d 2pe_2p 1/2-3/2 1
213 x 1071...... 350 81.030 81.030 5090 1239194 2s22p® 25%2p*(*D)3d 2po-28 1/2-1/2 1
309 x 1071...... 200 83.006 83.012 0 1204647 25%2p® 25s22p*(*P)3d 2pe_2p 3/2-3/2 1
1.27 x 10° ....... 750 83.128 83.134 0 1202880 2s22p® 2522p*(3P)3d 2p°-2p 3/2-5/2 1
7.03 x 1072...... 250 83.258 83.264 0 1201002 2s%2p® 25s22p*(*P)3d 2p°-2p 3/2-3/2 1
595 x 1072...... 50 83.283 83.284 0 1200714 2s22p® 25s22p*(*P)3d 2pe-2p 3/2-1/2 1
400 x 1074...... 400 83.358 83.364 5090 1204647 2s22p® 2522p*(3P)3d 2pe_2p 1/2-3/2 1
146 x 1072...... 400 83.526 83.491 0 1197733 25%2p® 25s22p*(*P)3d 2pe_4p 3/2-5/2 1
826 x 1071...... 400 83.611 83.618 5090 1201002 2s%2p® 25%2p*(3P)3d 2p°-2p 1/2-3/2 1
840 x 1072...... 150 83.639 83.638 5090 1200714 25%2p® 25s22p*(*P)3d 2pe_2p 1/2-1/2 1
300 x 1073...... 50 83.684 83.689 0 1194905 2s%22p® 2522p*(3P)3d 2pe-2p 3/2-1/2 1
1.03 x 1071...... 50 83.729 83.729 0 1194332 2s%2p® 25s22p*(*P)3d 2p°_4F 3/2-3/2 1
269 x 107%...... 300 83.802 83.806 0 1193227 2s22p° 25s22p*(*P)3d 2pe_4F 3/2-5/2 1
3.00 x 1074...... 10 83.965 83.970 5090 1195990 2s%2p® 25%2p*(3P)3d 2pe_4p 1/2-3/2 1
196 x 1072...... 600 84.082 84.087 5090 1194332 25%2p® 25s22p*(*P)3d 2pe_4F 1/2-3/2 1
670 x 1072...... 200 91.370 91.371 0 1094444 25s%2p® 2522p*(18)3s 2pe-2§ 3/2-1/2 2
426 x 1072...... 200 91.798 91.798 5090 1094444 25%2p® 2522p*(18)3s 2pe_28 1/2-1/2 2
203 x 1072...... 500 96.022 96.018 0 1041477 2s%2p® 2522p*(1D)3s 2p°-2p 3/2-3/2 2
194 x 1071...... 500 96.488 96.489 5090 1041477 2s%2p® 2522p*(* D)3s 2p°-2p 1/2-3/2 2
1.02 x 107t...... 500 99.096 99.096 0 1009122 2s22p° 2522p*(3P)3s 2pe-2p 3/2-1/2 2
488 x 1071...... 750 99.459 99.459 0 1005436 2s%2p® 2522p*(3P)3s 2pe_2p 3/2-3/2 2
1.86 x 1071...... 500 99.599 99.598 5090 1009122 25%2p® 2522p*(3P)3s 2pe_2p 1/2-1/2 2
790 x 1072...... 500 99.966 99.965 5090 1005436 2s%2p® 2522p*(3P)3s 2pe-2p 1/2-3/2 2
600 x 1074...... 10 100.159 100.159 5090 993634 25%2p® 2522p*(3P)3s 2pe_4p 1/2-3/2 2
750 x 1073...... 500 100.640 100.641 0 993634 25%2p° 2522p*(P)3s PP 3/2-3)2 2
8.00 x 1074...... 40 100.953 100.957 0 990523 2s%2p® 2522p*(3P)3s 2pe_4p 3/2-5/2 2
9.00 x 107%...... 10 100.970 100.971 5090 995477 2s%22p° 2522p*(3P)3s 2pe_4p 1/2-1/2 2
9.50 x 1072...... 50 102.846 102.846 406497 1378824 252p°® 252p°(3P)3s 25-2p° 1/2-1/2 1
1.84 x 1071...... 100 103.163 103.163 406497 1375836 252p® 252p5(3P)3s 25-2p° 1/2-3/2 1
9.00 x 1075...... 50 147.800 147.817 406497 1083009 252p°® 2522p*(3P)3p 28-4Dp° 1/2-1/2 3
9.00 x 1073...... 50 213.400 213.435 1069861 1538386 2s22p*(*P)3p 2s?2p*(1D)5d 4pe-2§ 3/2-1/2 3
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TABLE 1—Continued

WAVELENGTHS® (A) Levers® cm )
g f-VALUE* INT.P
— - NT. Observed  Calculated Lower Upper
46 x 1072...... 50 224,100 CONFIGURATIONS® TERMS®
404 x 1071 . 224.109 RMS J=Je
...... 800 1092176 153 2 REF.
200 x 10-! 246004 246005 8386 25°2p°CP)3p  25°2p*(
00 x 10-1 . $0. oo . 0 406497 KA DS Ps | 3ain
300 x 107*...... 2812 249.124 5090 406497 5P 252p° 2po2g 3 | y
S50 s 102 “ 1 30 281229 1182804 1538386 262 252p° 2po_2g 2-12 23
100 x 10~2...... zgéggg 281314 1089553 1445027 %" (Sp 2°2p°(D)sd 2PCS iﬁ’lf 23
9.00 x 10-° : 285920 1147905 Sp'CPRp  252pY(DMd D 24
...... 1497653 25°2p%(t p*('D}dd  2D°-PP 3/2-
259 x 10-1 301.250 301.251 107 s2p*('D)3p  25*2p*°P 2 /2-3/2 3
------ 2 308.481 1134 1403085 2522p%(3 p*(°P)5d P°-2D 3/2-
549 x 10-! : 308481 1068 Sp*CPBp  25°2p*CP . /252 4
,,,,,, 3 208.703 819 1392988  2522p*(C p*CPMd  *P>*D 12
688 x 10-1 i 308.703 106 s*2p*(°P)3p 2522p*(3P 4 /2-3/2 4
,,,,,, 8 S 8819 1392755  25°2p*C p*CPAd  *P*D 52
891 % 10-! - 314348 112 s2p*CPP3p  25°2p*CP A /2-5/2 5
...... 2 314.922 3549 1441668  2s22p*( P (CP)Ad P°—4D 5/2-
828 x 101 : 314.922 1124 s2p*('D)3p  25%2p*(*D 2 /2-7/2 5
,,,,,, p s oor 218 1441758 2522p*(t p*('Dyd  2F-2G 5/2-
4.80 x 1071 : 315.094 107 s22p*('D)3p  2s*2p*('D 2 /2-1/2 5
______ ) e 8940 1396306  25°2p*C p*('DWd PG 7/2-
113 x 107! : 315730 1080 S*CPRp  25°2pCP ‘ 292 3
...... 2 318.025 706 1397433 2522p%(3 p*(CP)Ad D°—*F 7/2-
,,,,,, T iogsl 6802 1401243 2°2p*(C PICPUd ADF 52
378 x 1071 : 319241 1089 S*CPRp  25°2p*CP 2 /27723
...... 4 321.900 553 1402796 2522p*C p*CPYd  2D°-*F  5/2-
900 x 10-5 . 321.925 113 s22p*CP)3p  2s*2p*(’P 2 /2-7/2 5
,,,,,, % 331900 4500 1445156 25°2p%(" p*CPAd  ’D’F 32
9.00 x 1073 : 331.100 106 s?2p*('D)3p  2s°2p*('D 2 2572 >
,,,,,, 50 360,300 9861 1371884  2522p( p*(‘D¥d 2D F  5)2-
121 x 1071 - 360313 1124 s?2p*CP3p  25°2p*('D 4 /27172 >
,,,,,, ) 0 218 1401755  2s52p*(t p*('Ds  *P-2D  3/2-
104 x 10! : 386433 106 s22p*('DP3p  25°2p*CP 2 /2-5/2 34
______ 1 389,132 9861 1328637 252203 p*CPyd Fo_4p g s
512 x 10-1 X 389.160 114 s*2p*(*P)3p 2522943 P " /2-5/2 3
...... 4 392271 7905 1404870  2s22p*(! p*(*P)4s po_4p 3/2-
,,,,,, 3 03874 8819 1323746 25°2p*( p*CPMAd  2P-°D 32
530 x 1071 : 393878 1069 S*CPBp  25°2p*CP ‘ /2-52 3
,,,,,, 4 102,635 861 1323746  2522p*(° p'CP@s PP 5/2-
773 x 107! : 402634 112 s?2p*CP)3p  25°2p*CP 4 /2572 >
,,,,,, s 403770 3549 1371913 25°2p%C p*CPAs ‘PP 32
1.94 x 107! : 403.770 1124 s’2p*('D)3p  2572p*('D 2 /2-5/2 3
,,,,,, 4 105816 218 1371913 2522p%(! p'(‘'D@s  2F-2D  5/2-
448 x 10-1 - 405.813 1082 s22p*('D)3p  2s2p*('D 2 /2-3/2 5
,,,,,, s aoriel 218 1328637 28°2p%C p('DMs  2FD 72
763 x 10-1 - W7174 1080 SpCPRp  2572p%CPUs ¢ 252 3
,,,,,, 7 408.490 706 1326302 25%2p*C P P)s D*-4P  3/2-
158 x 107! : 408488 1078 s?2p'CP)3p  25°2p°CP 4 ez 3
...... 2 409.695 940 1323746  2s22p*( P (" P)ds D>-*p 5/2—
Ler x 10-1 ) 409 696 oS s2p*CP)3p  2522p*CP ‘ /2-3/2 5
,,,,,, 4 115 218 1326302 25°2p*C p*CPMs  *D-*P T/2-
472 x 1071 : 411.152 1089 s2p*CP)3p  25°2p*CP 4 /2-5/2 3
,,,,,, 4 411078 553 1332772 25%2p*C P (Ps D**P  3/2-
101 x 1071 : 411.286 108 s?2p*CP)3p  25°2p°CP 2 e >
,,,,,, 4 S 6301 1329941  2522p%( p*CPMs  D-P 32
142 x 1071 - 411456 108 s?2p*CP)3p  2522p*CP 2 /-1 3
...... 1 16,001 0706 1323746 25°2p*( p*CP@s  D°?P 5)2-
3.04 x 10 : 415993 1089 s?2p'CP)3p  25°2p*CP ‘ 232 3
------ 2 420.468 553 1329941 252243 P (" P)ds D°—*P 5/2—
440 x 107! - 420.472 113 s“2p*(°P)3p 2522p*(CP 2 /2-5/2 5
,,,,,, T laas 4085 1371913 25? p‘CP@s  2D°?P 32
1.09 x 107! . 421.258 1134 s?2p*('D)3p  2s5°2p*('D 2 /2-3/2 3
,,,,,, 1 430034 500 1371884 22 p*('Dis DD 3)2-
435 % 10-1 : 430027 109 s22p*('D3p  25°2p*('D 2 /2-3/2 3
,,,,,, 0 431400 3758 1326302 2522p*( p*(D¥s  ’D°*D  5/2-
761 x 10~ : 431406 1181 S2p*CPBp  2572p*CP s /2525
Tl 2 433.607 4 655 1413456 2522p*(3P p*(CP)4s So_4p 3/2-3/2
;22 x }8_1 ...... } 434782 4343{2?)2 }(1)3522 1411779 2s22§ fspﬁﬁ §§i§§§o§j§ “D-[3]° 5/2—7;2 g
T 436.281 - 1323746 2522p*( 1 D[4 7/2-9/2
627 % 10-1 436.281 1182 s"2p°("P)3p 2p*CP) 4 / 6
,,,,,, 2 12751 37 1411527 29 P (P)ds 4P 32~
461 x 10° : 437513 1182 s22p*CP)3d  2p*CP,M4 . /2-5/2 5
i 7 112951 900 1411464  25225%CP P CP)A D-[2]°  3/2-572
f§3 X }871 """ 2 443.531 jig'ggg ﬂgigg L 2s22§4E3P Eg %5:&1;1;:; ! 1/2_42 2
37 x 1077 5 443,814 ' 1407118 2s522p*(3 2 D[4 /2~
282 % 10-2 : 443.814 118 s°2p*CP3d - 2p*CP 4 /2-9/2 6
,,,,,, 3 14395 1655 1406975  25°2p*CP p*CP4f D317 5/2-572
838 x }8(11' """ ) as6  sed  lBnT oIS 2s22§4§3p EZ gijgz;g gl 5/2_7;2 g
: T 445108 ' 1407118 2522p*(3 2 D-{2]°  3/2-3
2. 445. S P)3 4 2
250 % 10°1..... 4 “ossl  seaw  1io0s 13 23225“53 P;ﬁ g‘tgﬁz;jj; -3 3/2—5?2 ¢
e 448.695 ) 71884 2522 2 —-{2]° 1/2-3/2
230 % 10 448.673 1232 s”2p*('D)3p 20*('D)4 2 / 6
...... 3 445 695 671 1455550  2572p*(* p( D)as P-2D 32—
134 x 10~ : 448.701 123 s22p*('D)3d  2p*('D 2 /2-5/2 >
,,,,,, 1 451213 2671 1455537  2s22p*( p( Dy)df G-[4]° 9/2-
137 » 10-1 . 451.210 115 s22p*(1D)3d 241D N /2-9/2 6
...... 9 452171 0287 1371913 2s22p%(1 p*("D,)4f G-[4]  9/2-
733 % 10° : 452171 1232 s?2p*('D)3p  2p*("D)A 2 /2126
....... 9 452171 671 1453827 2522p(" b D)ds P-2D  1/2-
243 x 10° : 452171 1232 s*2p*('D)3d 2p*('D 2 /232 >
....... 5 454058 671 1453827 252 P 4 G-[5]° 9/2—
1. 0 - 454, s22p*(' D)3 4 /2-9/2
74 % 100 ; 454008 54065 1191546 1411779 2s22”4(3 Bd %D 2G5 921 1/2 6
269 x 100 X ppus 456.292 1194332 1413490 ) P4(3P)3d 2p*CP)Af 4F[4]° / 6
749 % 10° . ; 457'312 7413 119327 1411848 oxioy 4E3P 3 2p*CP  “F-[3)° Zﬁ’?ﬁ 6
649 x 101 : 457815 118 s2p*CP3d - 2p*CP . g 6
,,,,,, 3 458.449 9850 1408279  2s22p*( P (P4 F-[4]° 5/2-
9.97 x 1071 : 458447 119 *2p°CP3d - 2p*%CP 4 2 6
,,,,,, 2 460,675 4332 1412460  2522p*( P (P F-{51°  9/2-
3.06 x 10° : 460.675 118 s22p*CP3d - 2p*CP 4 /2112 6
....... 10 461314 9850 1408106  2s22p*( P CP A F-{3]° 3/2-
332 x 10° : 461285 119 s2p*CP3d  2p*CP . /2-5/2 6
,,,,,,, 10 461314 4993 1411779 2522p4(3 P ( Po)df F-[4]° 9/2-
_ . P /2-9/2
341 x }8—1 ...... 0 461767 4130 LISISI  140E31S 232254%1,;;3 %P:(3P1)4f B /2_9§2 6
801 x 107%...... 0 a0 dpaos  dlowd Lot s P Rt s A
01 x 1077...... 5 462312 : 1399117  2s22p%( 1 P-[2]° 1/2-
141 x 10° : 462315 119 Sp('SPp 2P 2 /2326
,,,,,,, 3 pere 7153 1413456 2572p*C P ("P)d PSF 32
150 x 100 : 463.957 s22p*(*P)3d 543 /2-5/2 2
0o 5 dor st 163957 1195990 1411527 2522p*CP)3d 2p4(3P0)4f P 52 2
: 1197153 1412373 25°2p*C pCPYY P2 32
P3PS CF-[3T° /252 6
1 F-[3] 5/2-1/2 6
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TABLE 1—Continued

WAVELENGTHS® (A) LeveLs? (cm 1)
~-VALUE® b
9/ Varue INt.>  Observed  Calculated  Lower Upper CONFIGURATIONS® TE
235 x 10° ... 6 465.881 o TE R
o : 465896 1197733 2
Mo 1 W Em o Im oW e vny oE un o
34 % 1071, 897 467886 11949 D ip: P2p 52526
ol Lo dersm 05 1408632  25°2p*CP)3d  2p*CP .
RS . 468149 1194905 2 PP PN 127326
752 x 1071, 3 468.530 1408512 2s 2p4(3p)3d 2p*3P 4
. 468530 1239194 N A iy E S o
119 x 10° ... 3 468.53 1452628 25°2p*('Dp3d  2p*(’ 2
530 468.530 1239194 P D SR 1226
411 x 10° ... 8 468.780 1452628 2522p*('D)3d 241D 2
. 468722 1242190 P D4 STLP 12326
203 x 10° .. 8 468780 1455537 2s*2p*(*D)3d 29*4(1D 2
. 468774 1194993 2 p(D CFTAP 527726
Toe 100 : 468780 1408316 25°2p*CPP3d  2p*CP 2
e , 469 614 1242190 2 P CP)Af F-[5]°  7/2-9)2 6
340 x 1072.. 3 469.611 1455132 2s%2p*('D)3d 2%(1D 2
NS . 469.614 1242190 2 P DM P 52526
121 x 1071 3 46078 1455132 25%2p*('D)p3d  2p*('D ,
..... . 469778 1242670 8 P DY CF3N 5226
S50 x 100 T e 1455537 25°2p*(D)pd  2p*('D >
: 469748 1242670 PD FAr 1226
200 x 10° .. 3 46983 1455537 2s*2p*(*D)3d 2%(1D 2
e . 469.833 1241035 P D PP 72926
564 x 1071, 1 470.263 1453877  2s*2p*(*D)3d 241D 2
o . 470274 1195990 2 p*(‘D)4  PP2]° 3252 6
508 x 1072.... 2 470677 1408632 25%2p*CPP3d  2p*CP .
.. . 470.674 1242670 ) P*CP)Af P-[11°  3/2-3)2 6
1.54 x 10° ... 2 470.677 1455132 2s22p*('D)3d 241D 2
PRl . 470674 1242670 2 P DM FDT 72526
3.00 x 1074.. 1 471.021 1455132 2s%2p*('D)3d 241D A
BEER : 471007 1194993 2 pUDM CFDT 72726
544 x 1072, 3 471.433 1407304  2s*2p*(P)3d Ipt3P )
. 471433 1243012 2 PP CFBY 727726
346 x 10° ... 3 471.433 1455132 25°2p*('D33d  2p*('D 2
BRI ; 471433 1243012 2 P DM D3I 52526
17 w10t X 471433 1455132 25%2p*('DP3d  2p*('D 2
IR : 471738 1194993 P (D4 D3P 52126
644 x 1072 1 472228 1406975 252p°0P3d - 20°CP :
: 472226 1195990 PPy FAr Tz 6
116 x 10° ... 3 472.860 1407753 25%2p*CPP3d  2p*CP .
. 472859 1242408 2 p (P P2l 32526
240 x 10° ... 3 473,366 1453888  2s22p*('D)3d 241D 2
: 473365 1243878 2 P D4 P2l 12326
140 x 10° ... 4 474.238 1455132 25°2p*('D33d  2p*('D 2
. 474238 1243012 2 P (D4 D3P 32526
104 x 10° ... 2 475.000 1453877 229 (D3 2p(CD :
IR . 475002 1201002 2 P(Dy DA2E 527526
795 x 10°2.. 3 475.850 1411527 2s22p*(®P)3d 2543P 2
REE : 475848 1197153 PP D2 32526
891 x 10-1.. 5 476189 1407304  2s*2p*(*P)3d 2043 2
R . 476170 1243878 PP CPBP 52726
847 x 1072, 1 477.151 1453888  25°2p*(*D)3d 241D )
: 477166 1197733 P DA D2 32326
100 x 100 b A 1407304 252p%CP3d  2p*CP .
IR : 478542 1202880 2 PP TPDP 52726
6.07 x 1072.. 3 478.826 1411848  25%2p*(*P)3d 24P )
: 478829 1204647 2 PP DA 22 6
e 3 dTesxe 1412460 25°2p*CPP3d  2p*CP 2
BRRRE . 481204 1204647 2 PPy PN 327526
5.83 x 1072.... 1 483.374 1412460 2522p*(3P)3d 24 (3P 2
D : 483372 1204647 2 PP CPBE 32526
704 x 1071.. 3 pepih 1411527 25%2p%CP3d  2p*CP ;
IR . 483674 1201002 PP PP 327526
246 x 101, 1 48516 1407753 2S22p4(3P)3d 2043 2
IR 165 485162 1201002 PP D2P 32526
o6 <10t Lo assde 1407118 25%2pCP3d  2p*CP :
IR ) 489179 1202880 pUPM D3N 32526
1.00 x 107%.. 504.950 1407304  2s%2p*(*P)3d 24P 2
O : 504950 1093758 2 pOPM D3 52726
6.83 x 1072.. 90 690.350 1291798 2522p*(*P)3 2522p*(1S deo 2
IR . 690.363 1005436 2 po 2520(83d - TSUID 32732 4
432 x 107", 9 701890 1150287 2°2p*CP3s  25°2p*('D 2p_2
IS : 701.903 1005436 s2p*('D)3p  2P-2P° 3212 2
1.68 x 1071.. 60 708.394 1147905 25%2p*(3P)3s 2522p4(1 2o 2
IR : 708.394 1009122 2 s2p*('D)3p  2P-*P° 3232 2
9.61 x 1072.. 40 720.547 1150287  2s22p*(P)3s  2s22p*(‘D 2 s
IR : 720.550 1009122 s"2p*( D)3p P2P° 1/2-172 2
389 x 107'.. 20 775710 1147905 252p*CPBs  25°2p*(" 2p_2
SRR : 775708 1068819 2 s CDBp PP 127322
9.00 x 107%.. 20 779.190 1197733 28°2p*CP)3p  25°2p*CP 4po_a
T ] 779216 1068819 2 P 25°2p*(CP)3d P—*P  5/2-5)2 2
281 x 1071, 10 782030 1197153 25°2p*CP3p  25°2p*C spo_2
RS . 782027 1069861 2 p 229 (P3d PR 3252 2
140 x 1073.. 5 785.570 1197733 2522p*(3P)3 2522043 P tpo 4
P : 785592 1069861 2 p p*CPB3d  4P-*P 3252 2
219 x 107 1., 10 736,343 1197153 25s22p*(®P)3 2522p*(3P 4po_ 2
ISERE . 786342 1068819 A A o
442 x 1072.. 5 79286 1195990 25°2p*CP)3p  252p*C .
IR 860 792836 1069861 p 22pCP3d TP 5232 2
254 x 107", 30 799.723 1195990 25°2p*CP)3p  25°2p*CP 4po_s
IR . 799718 1069861 p 2529 (P3d PP 32322
318 x 107" 30 800.926 1194905 25°2p*CP)3p  25°2p*C 4po_s
BEEE . 800928 1071134 2 p 229 (P3d PP 320122
815 x 102 5 807.940 1195990 2522p*CPP3p  2572p*CP 4po_s
o ‘ 807952 1071134 > p  28°2p*CP)3d  4P-tP 1232 2
843 x 107".. 20 844219 1194905 25°2p*CP)3p  25°2p*C 4po_s
IRRRE . 84426 1124218 po 252p(P3d TP LAl 2
9.00 x 107* 5 874.99 1242670 2522p*(D)3 252041 2
BENR 990 874993 10807 p 22 (D3 PR 72772 2
131 x 10-1.. 10 984.640 06 1194993 2522p*(3P)3 2522043 P 4p0_2
IR : 884647 1069861 p 252 (P TDE S22
6.68 x 10~1.. 60 386.243 1182900 2322p4(3P)3 2522043 4 4
IREE . 886236 1068819 p 2529 (P3d TP 32-12 2
286 x 107" 10 888050 1181655 2522p*CP)3p  25°2p*CP apos
IR ! 888056 1078940 p 22 (P TPD 3222
412 x 1071.. 20 888720 1191546 25°2p*CP3p  25°2p*C apo_s
IS : 888726 1080706 : p 22 (P3d - DF 7272 2
620 x 101 .. 50 889227 1193227 25%2p*CPP3p  2572p*CP apos
. 889230 1069861 2 po 223 D a2
170 x 100 2o Ssea 1182317 25°2p*CPPp  25°2p%C apo_s
L . 890043 1068819 p 262p°CP3d - TPD 3232 2
2.80 x 10 1 891.9 1181173 2s22p4'(3P)3 2 22 4.3 4
T 970 891.954 108221 p  28°2p*CP)3d  ‘P*D 5272 2
797 x 1071 70 894490 8 1194332 252p*CP)3p  2572p*CP apos
RS : 894493 1069861 p 229 (P3d DU 3232 2
382 x 10°1.. 40 894.73 1181655 2s22p4(3P)3 2522p%(3 4
T 737 894.734 1071134 p  25°2p*CP)3d  P-*D 3252 2
791 x 107" 40 898281 1182900  252p*CPP3p  25°2p*CP 4pos
T : 898286 1083009 p 22p(Ppd PCD ez 2
282 x 10°1.. 40 899.42 1194332 2322p4(3p)3 2522043 4
427 899422 1071134 o 202pUCP3d DI 12732 2
155 x 10° ... 60 900.834 1182317  2s%2p*(*P)3 5520p43p ipo 4
) 900.832 1082218 ) p  25°2p*CP)3d  *P*D  1/2-3)2 2
334 x 100 ... 200 1193227 25°2p*CPB3p  25°2p*C 4po
330 200 OLET LT L0780 1I89ESD 2s22p4(3P;3§ 2§z2”4§s§§§§ oo e 2
: 902202 1080706 1191546  20°2pCPYp  25%2p%CP DcF 7292 2
s°2p*(*P)3d D>-*F  5/2-7)2 2



Si vi SPECTRUM 595
TABLE 1—Continued
WAVELENGTHS® (&) LeveLs? (cm ™)

g f-VALUE? INT.® Observed Calculated Lower Upper CONFIGURATIONS® TERMS® J-Je REF.
419 x 107t...... 5 906.180 906.195 1086801 1197153 2522p*(*P)3p 25s22p*(*P)3d 2D°-2F 5/2-5/2 2
373 x 1071...... 30 919.034 919.031 1041477 1150287 25%2p*(*D)3s 25%2p*(*D)3p 2p-2p° 3/2-1/2 2
335 x 10° ....... 90 922.063 922.063 1124218 1232671 2s22p*(1D)3p 2s22p*(1D)3d 2F°-2G 7/2-9/2 2
2,62 x 10° ....... 100 924.290 924.286 1086801 1194993 2522p*(3P)3p 25s%2p*(3P)3d 2p°-2F 5/2-17/2 2
172 x 10° ....... 50 924.496 924.470 1134500 1242670 2s22p*(1D)3p 25s2p*(1D)3d 2p°-2F 5/2-1/2 2
1.04 x 10° ....... 5 925.030 925.026 1134085 1242190 2s22p*(1D)3p 2s?2p*(1D)3d 2D°-2F 3/2-5/2 2
146 x 10° ....... 929.389 929.369 1089553 1193227 25%2p*(3P)3p 25%2p*(3P)3d 2Do*F 3/2-5/2 2
6.64 x 1071...... 939.100 939.071 1041417 1147905 25s22p*(1D)3s 2522p*(1D)3p 2p-2p° 5/2-3/2 2
530 x 1073...... 5 954.700 954.701 1086801 1191546 25%2p*(3P)3p 25%2p*(3P)3d 2D°-*F 5/2-17/2 2
1.05 x 10° ....... 40 961.766 961.770 1093758 1197733 2s22p*(*P)3p 25s22p*(*P)3d 45o-4p 3/2-5/2 2
384 x 1071...... 60 968.655 968.657 990523 1093758 25%2p*(3P)3s 2522p*(3P)3p 4p-4s° 5/2-3/2 2
1.09 x 1071...... 5 973.570 973.570 1078940 1181655 2s22p*(*P)3p 25s22p*(*P)3d 4D°-4D 7/2-5/2 2
602 x 1071...... 70 978.167 978.161 1093759 1195990 25s2p*(*P)3p 25s22p*(*P)3d 450-4p 3/2-3/2 2
576 x 1071...... 70 978.167 978.166 1078941 1181173 25%2p*(3P)3p 25%2p*(3P)3d 4D°-4D 7/2-1/2 2
275 x 107t...... 30 988.664 988.667 1093758 1194905 2522p*(*P)3p 25s22p*(*P)3d 4So4p 3/2-1/2 2
1.83 x 1071...... 50 990.590 990.598 1080706 1181655 25%2p*(3P)3p 25%2p*(3P)3d 4D°-4D 5/2-5/2 2
330 x 1071...... 60 997.884 998.755 993634 1093758 2522p*(3P)3s 25s22p*(*P)3p 4p-4s° 3/2-3/2 2
477 x 1072...... 5 1001.090 1001.091 1083009 1182900 25%2p*(3P)3p 2522p*(3P)3d 4D°-4D 1/2-1/2 2
558 x 1072...... 5 1006.960 1006.963 1083009 1182317 2s22p*(*P)3p 25s22p*(*P)3d 4D°-*D 1/2-3/2 2
1.89 x 107 1...... 40 1017.470 1017.489 995477 1093758 2522p*(3P)3s 25s22p*(*P)3p 4p-4s° 1/2-3/2 2
117 x 10° ....... 50 1074.360 1074.309 1041417 1134500 25%2p*(D)3s 25%2p*(*D)3p 2D-2p° 5/2-5/2 2
118 x 1071...... 5 1074.980 1074.996 1041477 1134500 2522p*(1D)3s 25s22p*(1D)3p 2p-2p° 3/2-5/2 2
803 x 1071...... 30 1079.809 1079.809 1041477 1134085 25%2p*(*D)3s 25%2p*(*D)3p 2D-2p° 3/2-3/2 2
238 x 1071...... 40 1108.850 1108.846 990523 1080706 2522p*(3P)3s 25s22p*(*P)3p 4p-4p° 5/2-5/2 2
411 x 1071...... 30 1128.990 1128.860 993634 1082218 2522p*(3P)3s 25s22p*(P)3p 4p-4p° 3/2-3/2 2
1.71 x 10° ....... 100 1130.983 1130.989 990523 1078940 2522p*(3P)3s 25s22p*(*P)3p 4p-4p° 5/2-1/2 2
370 x 1071...... 50 1142.430 1142.443 995477 1083009 2522p*(3P)3s 25s22p*(P)3p 4p-4p° 1/2-1/2 2
998 x 1071...... 90 1148.630 1148.464 993634 1080706 25%2p*(3P)3s 25%2p*(3P)3p 4p-4Dp° 3/2-5/2 2
224 x 1071...... 70 1152.862 1152.867 1005436 1092176 2522p*(3P)3s 25s22p*(*P)3p 2p-2pe 3/2-3/2 2
413 x 1071...... 70 1152.862 1152.852 995477 1082218 25%2p*(3P)3s 2522p*(3P)3p 4p-4Dp° 1/2-3/2 2
3.66 x 1071...... 50 1188.829 1188.811 1005436 1089553 2522p*(3P)3s 25s22p*(*P)3p 2p-2p° 3/2-3/2 2
342 x 1071...... 80 1204.050 1204.045 1009122 1092176 2522p*(3P)3s 25s22p*(P)3p 2p-2p° 1/2-3/2 2
1.64 x 10° ....... 200 1207.680 1207.707 1041417 1124218 25s22p*(1D)3s 2s22p*(1D)3p 2D-2F° 5/2-1/2 2
1.09 x 107 1...... 10 1217.416 1217.553 1041417 1123549 25s22p*(1D)3s 25s22p*(1D)3p 2D-*F° 5/2-5/2 2
1.11 x 10° ....... 100 1218.500 1218.435 1041477 1123549 25%2p*(*D)3s 25%2p*(*D)3p 2D-2f° 3/2-5/2 2
1.16 x 10° ....... 300 1229.010 1229.014 1005436 1086801 2522p*(3P)3s 25s22p*(*P)3p 2p-2p° 3/2-5/2 2
392 x 1071...... 50 1243.310 1243.306 1009122 1089553 2522p*(3P)3s 2522p*(3P)3p 2p-2p° 1/2-3/2 2
872 x 1071...... 500 1277.200 1277.201 990523 1068819 2522p*(3P)3s 25s22p*(*P)3p 4p-4p° 5/2-5/2 2
310 x 1071...... 100 1290.490 1290.303 993634 1071134 25s22p*(3P)3s 25s22p*(P)3p 4p-4pe 3/2-1/2 2
1.07 x 1071...... 50 1312.640 1311.874 993634 1069861 2522p*(3P)3s 25s22p*(*P)3p 4p-4p° 3/2-3/2 2
191 x 1071...... 90 1330.270 1330.049 993634 1068819 2522p*(3P)3s 25s22p*(*P)3p 4p-4p° 3/2-5/2 2
1.89 x 1071...... 80 1344.400 1344.388 995477 1069861 25%2p*(3P)3s 25%2p*(3P)3p 4p-4p° 1/2-3/2 2

? Weighted oscillator strengths for atomic transition obtained by the method described in § 2.

b Observed line intensities.

¢ Wavelength corresponding to the energy levels difference between the experimental adjusted energy level values.
¢ Numerical values of the energy levels are those obtained by an optimized procedure using the program ELCALC.
¢ Level designations for the transition, including configuration parentage, term, and total angular momentum. For pratical purposes, we show them in

three separate columns.

REFERENCES.—(1) Ferner 1941; (2) Artru & Brillet 1977; (3) Griffin et al. 1976; (4) Trabert et al. 1976; (5) Trigueiros et al. 1992; (6) Trigueiros et al. 1991.

Since the natural lifetime (yJ) is the inverse of the probabil-
ity P(yJ), then

w0J) = XA, v ©®

Natural lifetime is applicable to an isolated atom. Inter-
action with matter or radiation will reduce the lifetime of a
state.

The values for gf and lifetime given in Tables 1 and 2,
respectively, were calculated according to these equations.

In order to obtain better values for oscillator strengths,
we calculated the reduced matrix elements P! by using opti-
mized values of energy parameters, which were adjusted
from a least squares calculation. In this adjustment, the

code tries to fit experimental energy values by varying the
electrostatic parameters. This procedure improves o-values
used in equation (2) and y},- and y}.,-values used in equa-
tion (6). The energy parameters of this calculation are given
by Coutinho (1998).

3. DISCUSSION

The theoretical predictions for the energy levels of the
configurations were obtained by diagonalizing the energy
matrices with appropriate Hartree-Fock relativistic (HFR)
values for the energy parameters. For this purpose the com-
puter code developed by Cowan (1981) was used. The inter-
pretation of the configuration level structures were made by
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TABLE 2
LIFETIMES FOR THE Si VI SPECTRUM

Vol. 121

Energy Lifetimes® Energy Lifetimes®
Configuration Terms (cm™?Y) (ns) Configuration Terms (cm™Y) (ns)

2522p% .t 2P, 0 2522p*CP)4f ...... [312 1413456 0.0490
Py, 5090 e [31s), 1413490 0.0492

2s22p*(*P)3p ...... P, 1068819 1.4030 252p*(*D,)4f ... [11y)2 1452628 0.0436
“Py) 1069861 1.4080 [11s), 1452628 0.0436

*Pi 1071134 1.4260 [51s2 1453827 0.0533

“D,), 1078940 0.8989 (51112 1453827 0.0534

*Ds), 1080706 0.9293 [2]5), 1453877 0.0448

“D,), 1082218 0.9215 [21), 1453888 0.0450

“D,, 1083009 0.9173 [31s2 1455132 0.0472

D, 1086801 1.1280 (314, 1455132 0.0471

’D,), 1089553 1.1220 [4142 1455537 0.0500

Py, 1092176 1.0390 [41s, 1455550 0.0500

*Ss1 1093758 0.6452 252p% i 2S1 406497 0.0304

2s22p*('D)3p ...... Fs)p 1123549 1.0950 2522p*(3P)3s....... *Ps,, 990523 12.2100
2F 3, 1124218 1.0690 *Ps), 993634 0.7507

Dy, 1134085 0.7971 *Py), 995477 3.2690

’Ds), 1134500 0.7966 Py, 1005436 0.0105

Py, 1147905 0.2301 Py, 1009122 0.0103

2Py 1150287 0.2272 252p*(*D)3s ...... Dy, 1041417 0.0259

25s22p*(1S)3p ...... Py, 1182804 0.7199 D, 1041477 0.0261
252p>(3P)3s........ 2P, 1375836 0.0214 25?2p*(*S)3s ....... 2S1 1094444 0.0230
Py, 1378824 0.0207 2522p*(*P)3d ...... *D;), 1181173 0.4124

2522p*(CP)4f ... [4142 1406975 0.0511 *Ds), 1181655 0.4081
[31s)2 1407118 0.0485 D), 1182317 0.3847

[3142 1407304 0.0483 *D,), 1182900 0.3516

[215), 1407565 0.0474 *Fg, 1189850 0.3442

[2]5)2 1407753 0.0493 *Fi 1191546 0.3447

[41o/2 1408106 0.0486 *Fs), 1193227 0.1392

[5141)2 1408279 0.0520 *Fs), 1194332 0.0313

[51o/2 1408316 0.0523 *Py), 1194905 0.2546

[11y)2 1408512 0.0467 *Fy), 1194993 0.0363

[115/, 1408632 0.0474 *Ps, 1195990 0.2480

2522p*(CP S ...... [2]52 1411464 0.0472 *Fs), 1197153 0.0143
[21s), 1411527 0.0477 *Ps, 1197733 0.2094

[415)2 1411779 0.0507 Py, 1200714 0.0143

[414), 1411848 0.0514 D, 1201002 0.0046

[3142 1412373 0.0490 D, 1202880 0.0049

[31s)2 1412460 0.0498 Py, 1204647 0.0131

2s22p*('D)3d ...... Gy, 1232671 0.3386 252p*(3P)4d ...... *Fi, 1397433 0.1884
28412 1239194 0.0024 *Fs), 1399117 0.0216

2P, 1241035 0.0024 *F), 1399439 0.0252

’Fs), 1242190 0.0621 *Ps, 1400877 0.0779

2Py 1242408 0.0024 *Ps), 1401755 0.1184

’F;), 1242670 0.3731 Py, 1402472 0.0163

’Ds), 1243012 0.0037 *Fs), 1402796 0.0142

’D;), 1243878 0.0032 Py, 1406317 0.0118

2s22p*(1S)3d ...... Dy, 1291505 0.0139 Dy, 1404870 0.0142
Dy, 1291798 0.0129 D, 1403085 0.0083

25s22p*(*P)ds ...... P, 1323746 0.0834 2s22p*('D)4d ...... %Gy, 1441668 0.1595
“Py) 1326302 0.0659 2Gy)z 1441758 0.1603

*Pi 1328637 0.0804 2S1 1444335 0.0075

P, 1329941 0.0414 D), 1445003 0.0123

2Py 1332772 0.0367 Py, 1445027 0.0068

25s22p*(1D)ds ...... Dy, 1371884 0.0520 *Fy), 1445156 0.2212
D, 1371913 0.0535 D, 1445575 0.0103

2s22p*(P)ad ...... D, 1392755 0.1500 2s22p*(1S)4d....... Dy, 1497095 0.0668
*Ds,, 1392988 0.1576 2522p*(*P)5d ...... D, 1497653 0.0068

*Fo, 1396306 0.1762 2522p*('D)5d ...... 2S1p 1538386 0.0102

# Lifetimes for the energy level obtained by the method described in § 2.

a least squares fit of the observed levels. More details of the
calculations and the tables with the theoretical Hartree-
Fock parameters and their fitting values can be found in
Coutinho (1998). The energy level values were determined

from the observed wavelengths by an interactive opti-
mization procedure
(Radziemski & Kaufman 1969), in which the individual
wavelengths are weighted according to their uncertainties.

using the

program ELCALC
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The energy levels adjusted by this method were used to
optimize the electrostatic parameters by a least squares pro-
cedure, and finally these optimized parameters were used
again to calculate the g f- and lifetimes values. This method
produces g f-values that are in better agreement with line
intensity observations and lifetimes values that are closer to
the experimental ones.

We have presented oscillator strengths and lifetimes for
all known electric dipole transitions in Si vi. The present
work is part of an ongoing program, whose goal is to obtain
weighted oscillator strength, g f, and lifetimes for elements
of astrophysical importance. The work for Si 1, Si v, and Si

Si vi SPECTRUM 597

vt were concluded, Callegari & Trigueiros (1998), Tri-
gueiros & Jupén (1996), and Coutinho & Trigueiros (1998).
In this particular work on Si vi, the results are part of
Coutinhos’s M. Sc. thesis that is in preparation.

This work was financially supported by the Fundagdo de
Amparo a Pesquisa do Estado de Sao Paulo (FAPESP),
Brazil, and by Conselho Nacional de Desenvolvimento
Cientifico e Tecnologico (CNPq), Brazil. Computations
were carried out at the Prof. John David Rogers Computa-
tional Center, UNICAMP.
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