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3Ll Los Alamos” i3 # B, R Hartree-Fook ¥ ¥ 7, #HTTRFEHHM
SEIE . XAEFEHE=/Ws: RON 34, RON2 & RCG 9, H .

RON 34 3 i | 163 77 # 5k #% Hartree—Fook /&, % EX &4 ERM Breil SIES,
ATBRETEETREATAHTFRENZARBHERLS R,

RON 2 R FHFEMEERARNATZANELS SR, _

ROG 9 N RBL AR KR BHHTER, Mmiﬁtﬂlﬁ?ﬁ%?ﬂﬁﬂﬂﬁﬂﬁﬁﬁﬁﬁ, 41 5 B¢
PR TFHRES" .

B FAWAERIE, BT RE\LAS Hartree-Fock TR KX B2 Dirac—
Hartree-Foock 5, MU ME BRI E—LBM L, URETERE, —RERAH
SHE RO, T A S BN, B A/NSLRY, Breib 2R L X B T da3h 1 22 R B

HIXT SRR BT A HE: F—, 7% MR B R B TR RARX g, m ey
B B BB BT, TR I T v B A Bk R 7 AR A G B RO,

Table 1 8i XII 1s? nl(n=2~T7, |=0~5) Average energy of evergy cnergy level
(unit. 1000 cm1=0,12eV)

No.| eney level (1S°nl) | . energy
1 .28 0
2 2p 197.909
3 3s 2393.756
4 3p 2648.352
5 | 3d | 2468.177
6 3s 3207.427
7 4p 3229.866
8 4d 3238.215
9 4f 3239.274
10 3s 3578.853
11 5p 3590.192
12 5d 3594.454
13 5f 3594.961
14 Sg 3595.160
15 6s 3778.943
16 6p 3785.450
17 6d 3787.910
18 6f 3788.197
-19 6g 3788.314
20 6h 3788.348
21 7s 3898.910
22 7p 3902.987
23 7d 3904.534
24 7f 3904.787
25 7g 3904.712
26 7h 3904.810
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Table 2 Calenated wavelengths, radiative transition probabilities and line strengths
in Si for transitions of the type 1s*n/l'?L)<«1s*nl"L;

transition wavelangth oscillator strength transition
. probabilities
V2 Lle-ni2L; ACA) gf (au) g A(sec1)

5d 2Dy 0 Tp 2Py 324.1434 0.0398 2,526 5+ 09
5d 2Dse Tp 2Py 324.1168 0.0716 4.548H 409
6d 2Py Ts 2810 324.0997 0.0923 5 B93E4+09
532Dy 7p 2Py 333.9474 0.0080 5.061E +08
5p %Py 7s 2840 323.5618 0.0465 2.9615+09
5¢ %Gy 7f %Fap 383.0574 0.0117 7.508E+08
5f%Fq Td 2Dyg 0 323.0386 0.0358 2.290E 409
5g %Gy TF 2 323.0364 0.0091 5.789 5+ 08
. 5f*Fy 7d 2Dy 323.0145 0.0251 1.603E409
502G 77 2Fop 323.0058 0.0003 21455407
5g %Gy 7h *Hoyg 322.9756 0.0367 2.346 409
5g %Gy Th2Hy1 322.9630 1.9813 1.267TE+11
5f 2y 7d Wz 322.9535 0.0018 1.146 B+08
5g 26,2 Th 2Hyg 322.9240 1.6145 1.033E4+11
51 Fy Tg %G 322.8005 0.0509 3.855E+09
57 2Fen 7g 2Goa 322.7907 1.7800 1.139E+11
5F 2Fsq 79 %G 392.7245 1.3734 8.795E+10
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(Continued)

transition wavelangth mﬂglf?:\g;gstt]iength piiaﬁnaijiﬁiﬂ?es

A1 Ll enl2L r(&) gf (an) gA(sec)

5d 2Dsn Tf 2 Fypm 3223963 0.0562 3.608K--09
5@ 2Dy Tf SFap 332,3657 1.1247 7.218E+10
5d 2Dy Tf 2Fg g 322 .2287 0.7876 5.050 K410
5p 2Py 7d 2Dsq 318.3340 0.0599 3.944 K409
5p 2Py 7d 3D 318.2747 0.5395 3.558E+10
5p 2Py 7d 3Dgys - 317.8150 0.3001 1.983E+10
58 3y Tp 2Py /o 308.6332 0.0838 5.866E-+09
58 281/ Tp 2Pspe 308 4556 0.1677 1.175E410
4p 2Py 55 2819 286.8189 0.3042 2.446 5 +10
4p 2Py 55 281 285.9960 0.1525 1.8445+10
4d 3Dy 5p 2Py 2842327 0.1107 9.143E+409
4d 2Dy g 5p 2Py 284.0723 0.1995 1.649E 410
4d 2Dy 5p 2Pssm 283.8189 0.0222 1.837E+09
4f 2F 5 5d 3Dy 281.5531 0.0502 4.226E+09
4f 2Fq 5d 2Dg e 281.5504 0.0718 6.037E-+09
4f 2F5 5d 2Dy o 281.4253 0.0036 3.023E+08
4f 2Py 59 %G 281.0639 0.2093 2.52TH+10
af 2F 59 %Gz 281.0248 10.4755 8.84THE+11
4f 2Fsp 5g %Gz 280,9393 8.0835 6.831E+11
4d 2Dya 5f 2Fgq 280.4459 0.2542 2,156 5410
4d 2Dg.» 5f 2Fqs0 280, 3818 5.0858 4.315B+11
4d Dy 5f 2Fs 280,1990 3.5624¢ 3.026E+11
4p 2Py 0 5d 2Dy 274.6078 0.2264 2.002K+10
4p 2Py 5d 2Dgy 274.4862 2.0383 1.804H+11
4p 2Py 5d 2Dy, 273.8533 1.1350 1.009E+11
45 81,9 5p 2Py 261.4903 0.2726 2.659 E+10
45 28y 5p 2Pyq 261.1400 0.5459 5.339E--10
4d 2Dg,o 6p 3Py /s 182,7458 0.0410 2.180K4-09
4d 2Dy o 6p 2Py s 182.7399 0.0228 4.550E+09
4d 2Dy 4 6p 2Py 1826409 0.0046 9.115E+08
4f 2F 6d 2Dg o 182,2803 0.0128 2.57T1E+09
4f 2Fspm 6d 2Dy,o 182,2589 0.0090 1.800E 409
4p 2Py 68 251, 182.2350 0.0663 1.3328+10
6d 2Dg s 4f 2Fg 182.2279 0.0006 1.387TE408
4f 2Fym 6 2Gq 182.1637 0.0405 8.149E+09
4f Wy 6g 2Goys 182.1543 1.4191 2.8538 +11
4f 2Fyp 6g 2Gq,0 182,1114 1.0950 2.202E 11
4p 2Py 65 251 181.9025 0.0332 6.697E+09
4d 2Dy 6f 2Fsn 181.8745 0.0533 1.074E 410
4d 2Dgq 6f 2Fypm 181.8590 1.0651 2.148E+11
4d 2Dgjy 6f 2Fs,n 181.7706 0.7459 1.506E411
4p 2Py, 6d 2Dy 179.3230 0.0573 1.188E+-10
4p *Pyp 6d 2Dsg 4 179.2030 0.5154 1.060E4-11
4p 2Py . 6d 2Dy 5 179.0010 0.2868 5.97T0E+10
45 28y s 6p 2Py 0 0.0756 1.684E+10

173.0628
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(Continued)
transition wavelangth oscillator strength transition

- nVALyenlL, (&) of (an) D ey
dg 3819 6p 2Py 172.9740 0.1513 3.37T2E+4-10
4d Dy Tp 2Py 150.4418 0.0159 4.683E409
4d 2Dy Tp 2Py 150,4130 0.0088 2.603E+09
4d 3Dy Tp 2Py 150.3708 0.0018 5.211E+08
4f 2By 7d 3Dg 150,3272 0.0046 1.348E+09
4f 3 m 7d 2Dy 150.3048 0.0033 9 443K +08
4f g 7d 2Dg/y 150.2916 0.0002 6.747E--07
4f 2F; 79 2Qqpn 150,2776 0.0130 3.833E 409
4f 2Fy1p 79 3Gy 150.2735 0.4543 1.332E+11
4f 2Fg . T 2Gqn 150.2420 0.3505 1.036E 411
4d 2Dy 7f 2Fg 150.0701 0.0207 6.125E--09
4d 2Dy Tf 2Fy/9 150.0635 0.4136 1.285E 411
4d 2Dg TF 2Fsn 149 .9994 0.2897 8.587E+10
4p 2Pq 75 2810 149 ,5418 0.0268 8.000E+09
4p 2Py m 7s 2810 149.3178 0.0134 4.018K 409
4p 2Py s 7d 2Dgq 148.3024 0.0245 7 .418E 409
4p 2Pg 7d 2Dg s 148.2896 0.2202 6.678E +10
4p 2Py 7d 2Dy, 148.0821 0.1225 3.726E 410
45 38, Tp 2Py 143.7948 0.0337 1.087E+10
48 28, Tp 2Py m 143.7562 0.0674 2.176E 410
8p 2P 45 28y 131.8774 0.1890 7.250E+10
3p 2Py ds 35, 131.4643 0.0948 3.650E + 10
3d 2Dy 4p 2Py 131.3253 0.0447 1.727E+10
34 2Dy dp 2Py, 131.2808 0.0804 3.113E+10
3d *Dgp 4p 2Pg 131.1525 0.,0089 3.460E 409
3d 2Dg/n 4f 2Fs . 129.7507 0.2911 1.153E 411
3d 2Dg 4f 2F 129.7241 5.8240 2.308E+12
8d 2Dy, 4f 2F g 129 6253 4.0799 1.619E4-12
3p 1P, 4d 2Dy n 126.7631 0.2332 9.679E+10
3p 2Py 4d 2Dg g 126.7116 2.0995 8.722K 411
3p 3Py 4d 2Dy 126.3804 1.1695 4.884F +11
35 284 4p 2P;y/q 119.6971 0.0000 0.000E +00
35 281 4p 2Py 119 .5536 0.0000 0.000E+00
3d 2Dy 6p 2Py 89.1354 0.0159 1.332E+10
8d 2Dgp 5p 2Py 89.1170 0.0088 7.404E 409
3d 2Dgsq 5p 9Py 89.0763 0.0018 1.483E409
3d *Dgpp 5F F s 88.7752 0.0449 3.798E+10
34 2Ds s 5f 2F 1 88.7688 0.8976 7 598K 411
3d 2Dy 5f 3Fgs 88.7165 0.6287 5.328E+11
8p 1Py 55281 88.5186 0.0407 3.468E+10
3p P, . 55 %8/ 88.8323 0.0204 1.745E+10
3p 2Pgyyq 5d 2Dq;, 87.3203 0.0546 4.773E+10
3p 2Py 5d 2Dg g 87.3079 0.4913 4.298E+11
3p 3Py 5d 2Dy 0 87.1389 0.2734 2.402E+11
8s 280 5p 2Py/; 83. 6055 0.4809 4.675E+11
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“Continued)
transition wavelangih oscillator strength tra.ns‘it_io_n
g probabilities
w2 L <-nl?L, ACA) gf (an) gd(secb)

3s 281 5p 2Pgp 83.5696 0.9803 9.362E+11
3d 2Dg 4 6p 2Py 75,9259 0.0060 6.961E 409
2d 2Dy 6p 2Py 0 75.9001 0.0033 3.87T1E+09
8d 2Dg s 6p 2Py 75.8830 0.0007 7.74TE+08
3d 2D 6f *Fsp 75.7751 0.0154 1.795E+410
8d 2Ds 6f 2F70 75.7724 0.3090 3.589F +11
3d 2Dg 6f 2Fs/y 75.7323 0.2164 2.51TE+11
3p 2Py, 65 2845 75.1995 0.0163 1.922E410
3p 2Py 65 2810 75.0650 0.0082 9.659E 409
3p 2Py 6d 2Dgq 74.6989 0.0223 2.667E 10
8p 2Py, 6d 9Dgq 74.6037 0.2008 2.401E+11
8p 2Py, 6d 2Dy 74.5662 0.1118 1.341E+11
35 38, 9 6p 2Py 71.8651 4.7971 6.195E+123
Bs 281, 6p 2Py g 71.8408 9.5962 1.240E413
3d 2Dgq Tp 2Py 69.7071 0.0030 4.124E+09
3d 2Dg 7p WPy 69.6800 0,0017 2.294K 409
3d 2Dy g Tp 2Psso 69.6709 0.0003 4.580E 408
3d 2Dg o 7f 2Fgs 69.6272 0.0073 1.009E+10
3d 2Dg 7f 2Fqp 69.6258 0.1467 2.019E+11
3d 2Dy Tf 2Fsp 69.5911 0.1028 1.415E +11
3p 2Py 75 28,0 68.9768 0.0084 1.177E+10
3p 2Py s 75 284/ 68,8636 0.0042 5.916 K409
3p Py Td 2Dy 68.7119 0.0116 1.640E+10
8p 2Pgp 7d 2Dgsa 68.7001 0.1045 1.47TE+11
3p *Py 7d 2Dy g 68.5996 0.0582 8.243E+10
35 28,4 Tp 2Pys9 66.2644 0.5981 9.085E+11
3528, 5 Tp 2Py 66.2562 1.1964 1.818E+12
2p 2Py 35281/ 45.5964 0.0824 2,644 411
2p %P1y 3s 2819 45.4292 0.0414 1.336E411
2p *Pg/p 3d 2Dy 44,1087 0.2704 9.269E+11
8p 2Py 3d 2Dgq 44,0942 2.4342 8.350E+13
2p 2Py 3d 2Dg 43,9521 1.3567 4.684E+12
25 %Sy 3p 2Py /0 40.8703 0.0169 6.750E4-10
25 28y 3p 2Pyp 40,8305 0.0338 1.354E+11
3p 2Py 45 381 /9 33.2577 0.0172 1.040E+11
2p *Pyp 45 281 33.1686 0.0086 5.241E+10
2p *Pyp 4d 2Dys0 32.9226 0.0493 3.083E+11
2p "Pan 4d 2Dg g 32.9192 0.4437 2.731E+13
2p 2Py 4d 2Dy 32.8253 0.2471 1.520E +12
25 281/ 4p 2Py 30,9674 0.1288 8.960E+11
25 28y /9 4p 2Py 30.9578 0.2577 1.794E+13
2p 2Py 55 %81 29.6011 0.0067 5.119E+10
2p 2Py 9 Bs 2819 29.5305 0.0034 2.57T8E+10
2p *Pg/n 5d 2Dgm 29.4659 0.0182 1.390E+11
2p 2Pg/p 5d 3Dg s 29,4645 0.1639 1.260E+12
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(Continund)

transition wavelangth oseillator strength transition

W UIL it T, () gf (au) p;‘ﬁ(ﬁf flos
2p 2Py 5d 2Dg,a 29,3059 0.0913 T.047TH+11
2p 2Py 6s 2812 97.9450 0.0034 28941 2-10
2p 2Py s 63 281 27 .8830 0.0017 1.45TK 410
3p *Py/a 6d 2D 27.8765 0.0089 7.674E 410
2p *Pgysq 6d 2Dg.9 27.8758 0.0805 6.907TK4-11
2s 2810 5p 2Pip 27.8563 0.0144 1.236E+11
25 2819 5p 2Py 27.8523 0.0288 2.4T4E4-11
2p *Piyg 6d 2Dgp0 27 .8139 0.0448 3.863K£+11
2p 2Py Ts 2810 27.0394 0.0020 1.798E+10
3p 2Pss 7d 2Dgse 25,9986 0.0051 4. 683K +10
2p *Pyp 7d 2Dgpm 26.9982 0.0461 4.2155 411
2p 2Py T2 2810 26.9805 0.0010 9.047TE+09
2p *Pis T3 2Dy 26.9399 0.0256 2.35TE411
2s 2812 6p P12 26.4183 0.2556 2.442H 412
28 2815 6p 2Pyse 26.4163 0.5112 4.886E +12
25 2815 Tp 2Py 25.6222 0.0000 0.000K 00
2s 28, /9 Tp 2Py 95.6210 0.0000 0.000E 400

M F ELIMEK X HEWOEHERE 6/-3d, 5d-3p, 6f-3d & 6d-3p, AT R FEK
SR EE—E, mE 3 HH, HEMRES/NT 0.1%, 24 FiE8 (ER—ERT) HE
YeTHEE, Ik 4 5, W& AN, HRERES 1%, XEAARGHHEERE
=0

Table 3 Comparison of theoretical and experimental transition wavelengths of
Li-like Si XI11 soft X-ray lasers

transition | theoretical wavelength (%) | experimental wavelengths(4i)

Sf - 3d 88.754 88.84
5d - 3p 87.256 87.28
6f - 3d 75.760 75.83
6d ~ 3p 74.653. . 74.64

M, &

AXAHTHERHASBMRERE T 1l C<n<T) FRLTFHEBRREFERDT

4004 FEE A 1P L—1s" V2L BRIF A AR e M IR B IR TR ANBRIT LR, Hodvik
ermas Lok Rein e iank 1 9, wﬂiaﬁ&ﬂﬁﬁiﬁr—?—m#ﬂm i X ﬁbfﬁ&-\v pritang =R

P\-"LI-JH‘I-D_LJ[H,DLM.&;'I‘}LHAL bl il * ] = AA VH Y T T 4 ALFR Y T e T A AL U

T HHE
B X $FRBOLH BRE 5f-8d, 5d-3p, 6/-3d R 6d-3p, HEHFBAMBEKH
KR TERMF FXAH T 7f-3p fl Td-8p BREM IR H0E, K X HRROLLR T LUE
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Table 4 Comparison of calculated and existing in R. L. Kelly*® transition

wavelengths in Si XI1I

transition calculated R.L.Kelly
180 112Li--18"n17L4 A (R) A (R)

28 %, ,, 7p %P 25.6210 25.655
2 1/2 2 3/2

25 °S) /5 6p Py, 26.4163 26.460
2 2 .

2p P 7d °D 26.9399 26.98
9 1/2 2 3/2

2p P3/2 7d DS{Z 26.9982 27.035
2 2

2p PI/Z 6d DBIZ 27.8139 27.850
2 2

2p “P.,,, 6d “D 27.8758 27.909
5 3/2 9 /2

2p °P 5d “D 29.3959 29.439
2 1/2 p 3/2

2p P3/2 5d D5/2 29.4645 29.509
2 2

2p “P,,. 5s “S 29.5305 29.547
o 1/2 77 ,1/2

2p °P 5s °S 29.6011 29.645
5 3/2 5 1/2

25 7S 15 4P Py 30.9578 31.015
2 2

2p Py, bd Dy, 32.8353 32.888
2 2 | 2

2p 2PMZ 4d 2]}5';2 32.9192 { 32.972

2s 251f2 3p OPSKZ 40,8305 40.911

2s 251f2 3p 2P1f2 40.8703 40,951

2p EPIKZ 3d 2D3f2 43.9521 44,021

2p 2P3f2 3d ZI}:.”,2 44,0942 | 44,165

2p P, ,, 3s °S 45.4292 45.519
2 1/2 9 1/2

2p 2P3f2 3s 251/2 45.5904 45.629

3d "D, 5£ °F 88,7688 838.84
g 9/2 2 7/2

3p EPIIZ 4d 203f2 126.3804 126,43

3p P 4d “D 126.7116 126.77
9 3/2 o 9/2

3d "Dy, 4 °F 129.6253 129.89
9 3/2 9 5/2

3d D5/2 4f F7/2 129.7241 130.02

3X 75T B 2R, 18] B K B I OB HERE, BUTE R K B

FEAR TR ST 78 P, X5 9K IE 58 L 98 A0 A PR e e 45 02 30 P id e M A A 2R UL, B T
ZERRM R 5 S RS RIS R SR ER, EHABWE 554, BREEAH
IS A A Cowan FFp fés T3 80,

2 % x &
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Li-like Si ions energy level structure and Ab initio
Si XII spectral calculation
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Abstract

Relative enorgies of every Li-like Si ions energy lovel (n=2~7) and ab initio
8i XII wavelengths below 400A involving transibions between 1&%ni’L, levels up to
n="7 are caloulated. Corresponding transition probabilitics and line strengths are
given. The accuraoy of wavelength caleulation is betbor than 1% comparing with
ex sting data. The caloulated wavelengths of Si XII 5d-3p, 5f-3d, 6d-3p and 6f-3d
transitions are in good agreement (within 0.1%) with the observed transition wave—
lengths at which soft X-ray lasers have becen experimentally demonstrated. The Si
X1I 7d-3p and Tf-3d transitions are of potential interest for X-ray lasers with
shorter wavelengths towards the Water Window.

Key words: Li-like Si ions= Ab initio Si XII specira.



