53 12004 1 Vol.53 No.l January 2004
1000-3290/2004/53 01 /0042-06 ACTA PHYSICA SINICA (©2004 Chin. Phys. Soc.

Z =21—30 1s*2s

*
1 23 2
! 200237
2 130023
? 110629
2003 3 12 2003 4 9
Ritz Z =21—30 15°2s
- - Darwin
QED quantum electronic dynamic
term energy
FCPC
PACC 3130 3110 3270
1.
2.
1
X
1s°
1s°
1s’
LS
configure interaction CI
full core plus corre- w123 =A[q51515 12 Zdirée_%){ 3
lation FCPC Chung l
LT Nellll£2s : £, 123 ]
lem™ Wang  Chung  FCPC A D, 12
o, ,, 123
lem™ . FCPC Hamitonian !
7 =21—30 1s°2s a.u.
3 3
1 ., Z
H, = [ -5 Vi- __] + o 2

quantum electronic dynamic 0 LZ:; 2 r; ; qu ry

" 10174029



7 =21—30 1825 43
1¢ 662 .
Ritz FCPC 1.
VIH | ¥ 9.
OBy = 0 Hy =0—g g —
higher [ 3 1s° 222
1 Drake 670
1 1¢ 15°2s
Enonre 15225 = Eupper 15228 CI
2 2 1 1¢°
+ AE e 18 + AE g 1828
Eupper 1825 AEhigjml 1¢ AEhigh&rl 18°2s
1S2 2 2
) 1s™2s FCPC 1s
Enonre ls 2S
E’\Uﬂre
Darwin - Contact
T AE g E,. 2
. ls2 FCPC
L. QED ™ . Darwin - -
47 a -
AE g = cffC; {Lg “2naZy; -In K n 0 } mass polarization
3ren’ (30 2
term energy s
5
a Zﬁﬁ’ 3
Bethe KnoO 9 n=2 AEy, 2s
2
2s . 1s AE
E,, Na * Mg
Elol = Enonre + AEre 6 27A1 3 Sl 3 P 325 3 Cl 39K 4OAI' 40CH,
AE., Darwin VA
1525 Ep 18
7
Ep = Ey 15'S = Ey, 192578 — AEgy. 7 4
1572s FCPC
4
3. 2s
1s2s 4 15°2s
1s° D, FCPC
7 222 15°2s 4 1¢°
8
relaxation correla- FCPC 1
tion CI o, 123 13



44 53
1 Z=21—30 1¢ 15725
- AE/a.u.
7 =21 23 25 28 30
00 49 428.00057693 514.75055323 609.50053471 766.62551055 881.37549689
11 42 0.02608762 0.02610576 0.02615538 0.02618707 0.02623685
22 36 0.00372847 0.00373578 0.00375484 0.00376955 0.00377793
33 30 0.00100709 0.00100951 0.00101593 0.00102087 0.00102369
4 4 25 0.00037061 0.00037151 0.00037426 0.00037616 0.00037741
55 20 0.00016199 0.00016244 0.00016364 0.00016458 0.00016508
66 20 0.00008147 0.00008149 0.00008232 0.00008279 0.00008307
Total 222 428.03201419 514.78204748 609.53207707 766.65711155 881.40713092
core + 2s 8 475.04826563 572.00249890 677.95675783 853.76318362 982.21748396
00 O 67 0.00082548 0.00083787 0.00084694 0.00085820 0.00086752
01 1 161 0.00502234 0.00507116 0.00511273 0.00514604 0.00518103
02 2 125 0.00054230 0.00054848 0.00055320 0.00056910 0.00056760
03 3 95 0.00013441 0.00013551 0.00023611 0.00013243 0.00014267
04 4 49 0.00004724 0.00004775 0.00004808 0.00005016 0.00005035
05 5 49 0.00002059 0.00002088 0.00002106 0.00002188 0.00002196
06 6 49 0.00001013 0.00001040 0.00001050 0.00001085 0.00001091
01 1 = 13 0.00000163 0.00000173 0.00000177 0.00000200 0.00000186
02 2 * 13 0.00000225 0.00000219 0.00000215 0.00000192 0.00000257
12 1 10 0.00000078 0.00000063 0.00000054 0.00000115 0.00000050
00 0 = 11 0.00000043 0.00000040 0.00000131 0.00000044 0.00000038
10 1 10 0.00000021 0.00000019 0.00000023 0.00000047 0.00000024
23 1 10 0.00000009 0.00000007 0.00000001 0.00000005 0.00000004
Total 670 475.05487348 572.00917615 677.96349245 853.76998831 982.22433160
" “ " 1
2 7 =21—30 1¢ .u.
A <H + H,> < H;> < Hy> < Hyp >
21 —-428.03201419 —2.4209537 0.0565281 —-0.0017765 0.0000324 —430.39818389
22 - 470.40703162 —2.9249416 0.0652515 —-0.0019559 0.0000319 —473.26864572
23 - 514.78204748 -3.1476138 0.0748321 - 0.0021440 0.0000315 —517.85514168
24 - 561.15706243 —4.1646428 0.0853070 - 0.0023408 0.0000322 —565.23870683
25 - 609.53207707 —4.9147993 0.0967173 - 0.0025462 0.0000318 —614.35267347
26 - 659.90708972 - 5.7620409 0.1090996 -0.0027601 0.0000325 - 665.56275862
27 —712.28210136 —-6.7144141 0.1224986 —-0.0029828 0.0000321 —718.87696756
28 —766.65711155 —-7.7802321 0.1369490 -0.0032140 0.0000339 — 774 .30357475
29 - 823.03212176 - 8.9681735 0.1524978 -0.0034540 0.0000324 - 831.85121906
30 — 881.40713092 - 10.2872400 0.1691787 —-0.0037025 0.0000330 —891.52886172




Z=21—30 15°2s 45
3 7 =21—30 122 l a.u.

A l < H + H,> < H;3 > < Hy> < Hyp >
21 0.0002401 0.0000299 —2.7394147 0.0614477 -0.0019239 0.0000374
2 0.0002413 0.0000305 - 3.3129034 0.0709653 -0.0021193 0.0000368
23 0.0002425 0.0000308 - 3.9720571 0.0814214 —0.0023241 0.0000397
24 0.0002432 0.0000309 —4.7252893 0.0928565 - 0.0025384 0.0000372
25 0.0002427 0.0000316 — 5.5808067 0.1053099 -0.0027626 0.0000367
26 0.0002435 0.0000312 - 6.5471901 0.1188334 - 0.0029959 0.0000376
27 0.0002440 0.0000313 —7.6341482 0.1334709 -0.0032385 0.0000371
28 0.0002455 0.0000322 - 8.8513579 0.1492617 - 0.0034905 0.0000392
29 0.0002459 0.0000318 - 10.2082180 0.1662544 ~0.0037521 0.0000375
30 0.0002466 0.0000324 - 11.7155740 0.1844999 —0.0040221 0.0000382

4 7 =21—30 15225 cm™!
P QED
/a.u. Jem™! /a.u. / a.u. Jem™! Jem™!
21 475.0551435 5055.3 2.6798535 477.7299417 10387940.6 10388200°
10389000
2 522.4072953 5822.8 3.2440205 525.6454930 114952048 11501000¢
11494000"
23 572.0094495 6638.1 3.8929235 575.8957349 12659675.2 12660000
12665000¢
12668000"
24 623.8616067 7495.1 4.6349340 628.4890454 13881644.7 13887700°
13884000
25 677.9637668 8386.3 5.4782226 683.4336032 15161306.9 15162000¢
15160000
26 734.3159308 9303.1 6.4313149 740.7379427 16498830.5 16320000¢
16500000¢
27 792.9180964 10235.3 7.5038786 800.4117397 17894591.0 17897000¢
28 853.7702660 11171.5 8.7055474 862.4646419 19348691.7 19351000¢
29 916.8724356 12098.5 10.0456782 926.9060153 20861880.5 20870000¢
30 982.2246106 13002.0 11.5350580 9937466666 22436822.0
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Theoretical calculation of ionization potential and term energy of the
ground states 1s%2s of lithium-like systems from Z =21 to 30"
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Abstract

In the paper the full-core plus correlation FCPC and the minimizing the expectation value of the Hamiltonian method is
extended to calculate the non-relativistic energies and the wave functions of 1s*2s states for the lithium-like systems from Z =21
to 30. The mass-polarization and the relativistic correction included the kinetic-energy correction the Darwin term the electron-
electron contact term and the orbit-orbit interaction are calculated perturbatively as first-order correction. The contribution from
quantum electrodynamic QED is also included by using the effective nuclear charge formula. The ionization potential and term
energies of the ground states 1s?2s are given and compared with other’ s theoretical calculation and experimental results. Tt is
shown that the FCPC methods are also effective to theoretical calculation of the ionic structure for high nuclear ion of lithium-like

systems.
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