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Abstract: Relativistic configuration interaction calculations with the inclusion of Breit interaction, quantum electrody-
namics and finite nuclear mass corrections have been carried out in the extended optimal level scheme using multi-
configuration Dirac-Fock wavefunctions on the wavelengths, electric dipole transition rates and oscillator strengths of
Zinc. Through the use of the active space method, the calculated values are compared with the other available data on
He-like and Be-like zinc and are found to be in very good agreement with them. In this paper, we give accurate transi-
tion properties from Zn XXI through Zn XXIX. These data provide reference value for level lifetime, charge state dis-
tribution and average charge of zinc plasmas.
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Table 1. Energies of the 1s2p(®P,1 0 and 'p,) terms of zinc(in cm™) for single and double excitation of the active sets of orbitals

1. REFEGIUES B A 2B R TR BRI 152p(CP, o p.) RER (E

A EE %Py Py *p, Py

3 72,159,501 72,180,287 72,409,370 72,572,986

4 72,161,879 72,182,575 72,411,732 72,574,829

5 72,162,521 72,183,174 72,412,363 72,575,223
RR

6 72,163,115 72,183,768 72,412,957 72,575,769

7 72,163,285 72,183,933 72,413,125 72,575,913

8 72,163,409 72,184,058 72,413,249 72,576,030
FRIOR 8 72,151,645 72,172,158 72,401,163 72,564,343
SR E 72,165,900 72,186,600 72,415,600 72,578,900

Table 2. Selected line strengths obtained from MCDF and RCI model. Percent differences were computed according to the formula [S,— S]
x 100/max{Sy, S}
F22. SUAADirac-FockFASHEIEATAEMBKITINGERE . FHERRAAR[S, — S x 100/max{S,, S}

BRIT n 2358 5 Rl ) LR 5 (K RN AN E (%)
%p-1s, 3 4.9586(—4) 4.9471(-4) 0.232
4 4.9522(—4) 4.9414(-4) 0.328
5 4.9446(—4) 4.9383(—4) 0.127
6 4.9443(—4) 4.9381(—4) 0.125
7 4.9441(-4) 4.9380(—4) 0.123
8 4.9441(-4) 4.9380(—4) 0.123
p,-1s, 3 3.0369(-3) 3.0207(-3) 0.533
4 3.0235(-3) 3.0123(-3) 0.370
5 3.0179(-3) 3.0074(-3) 0.348
6 3.0166(-3) 3.0066(—3) 0.331
7 3.0128(-3) 3.0057(-3) 0.235
8 3.0126(-3) 3.0055(-3) 0.235
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Table 3. Comparisons between our calculated values and the expe-
rimental values for He-like and Li-like zinc
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152p-15
3py-1s, 1.3853(0)° 1.2534(14)° 1.0819(-1)
1.3857(0)" 1.2503(14)° 1.0798(-1)"
1.3853(0)° 1.251(14)° 1.080(-1)°
1.258(14)"
p,-1s, 1.3778(0) 7.7597(14) 6.6258(—1)
1.3782(0)" 7.9099(14)° 6.7572(-1)"
1.3778(0)° 7.763(14)° 6.629(—1)°
7.747(14)°
15252p-15°25

*P12-*S1 1.3954(0)° 1.7505(13)? 1.0221(-2)
1.3969(0)° 1.8901(13)° 1.1059(-2)"
1.3953(0)

*Pa2-2S1 1.3945(0)° 5.9739(13) 6.9666(—2)°
1.3960(0)" 6.0531(13)° 7.0732(-2)"
1.3943(0)°

(3S)%P3-2Sus 1.3850(0)° 8.1909(14) 9.4428(-1)>
1.3868(0)" 8.1625(14)° 9.4134(-1)"
1.3848(0)°

(39)%P12-2S1, 1.3824(0)° 4.0112(14) 2.2987(-1)
1.3837(0)" 4.1978(14)° 2.4098(-1)"
1.3823(0)°

(*S)?Pa2-2S1n 1.3817(0)* 1.2415(14)* 1.4325(-2)°
1.3835(0)" 1.3236(13)° 1.5193(-2)"
1.3816(0)°

(49)%P12-2Sy, 1.3879(0)° 4.6128(14) 2.6646(—1)
1.3903(0)" 4.5132(14)° 2.6158(-1)"
1.3878(0)°
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Figure 1. Contributions from Breit interaction (B), self-energy (SE), vacuum polarization (V) to the final the weighted sum of configurations
from Zn XXIX through Zn XXI
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Figure 2. Contributions from Breit interaction (B), self-energy (SE), vacuum polarization (V) to the initial the weighted sum of configurations
from Zn XXI1X through Zn XXI
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RAFNBAMEE T KaX FLEK, BKEJLE, RTHEELLEMMIERZ .
BRIT WA PRI JLR( ™) PR IR PRRRE 2 L
1s2p-1s?
%p-1s, 1.3853(0) 1.2534(14) 1.0819(-1) 1.004
p-1s, 1.3778(0) 7.7597(14) 6.6258(—1) 1.002
15252p-15°2s
*P1a-Siro 1.3954(0) 1.7505(13) 1.0221(-2) 1.004
*Pa-Sus 1.3945(0) 5.9739(13) 6.9666(-2) 1.003
(*S)%P12-°S12 1.3879(0) 4.6128(14) 2.6646(—1) 1.003
(S)?P3-°S1 1.3850(0) 8.1909(14) 9.4428(-1) 1.002
(3S)%P12-2S12 1.3824 (0) 4.0112(14) 2.2987(-1) 1.002
(*S)%P32-2S12 1.3817(0) 1.2415(13) 1.4325(-2) 1.003
1525%2p-15225*
%p,-1s, 1.3987(0) 1.1762(14) 1.0349(-1) 0.990
p,-1s, 1.3913(0) 7.5251(14) 6.5517(-1) 0.987
1525%2p*-15°25%2p
*Pip-’Pi2 1.4067(0) 1.0487(14) 6.2222(-2) 0.981
R 1.3944(0) 4.6721(12) 5.4472(-3) 0.975
Pyr-"Pu 1.3997(0) 8.7278(14) 5.1268(-1) 0.981
*Pap-P1sp 1.4038(0) 1.6462(11) 1.9454(—4) 0.988
2Dyp-*Pypp 1.3993(0) 5.5015(14) 6.4597(-1) 0.982
’S1-2P 1.3924(0) 2.2570(12) 1.3120(-3) 0.955
I 1.4112(0) 1.1893(12) 7.1012(-4) 0.964
P3Py 1.3988(0) 9.7818(14) 1.1477(0) 0.980
*Psjp-2Paro 1.4069(0) 1.0778(14) 1.9189(-1) 0.983
2P -2Pan 1.4041(0) 2.2183(14) 1.3113(-1) 0.982
*Pap-Pa 1.4082(0) 2.9998(13) 3.5675(-2) 0.982
2Dg-2Papp 1.4014(0) 3.1372(14) 5.5423(-1) 0.982
*Dapz-Pare 1.3968(0) 4.7709(14) 1.2752(-1) 0.980
’S12-°Py 1.6111(0) 3.4609(14) 2.7907(-1) 0.978
1525%2p°%-15225%2p?
%5,-3Po 1.4035(0) 1.5080(13) 1.3361(-2) 0.974
°*D1-Py 1.4071(0) 5.1941(14) 4.6250(-1) 0.980
%p-3py 1.4012(0) 2.7251(11) 2.4062(-4) 0.929
P3Py 1.3961(0) 6.6021(9) 5.7872(-6) 0.890
°3,-*Py 1.4145(0) 4.3517(13) 6.5263(—2) 0.980
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EE &S
%3,-°py 1.4065(0) 7.5372(14) 6.706(—1) 0.979
D, P, 1.4050(0) 4.0141(14) 1.1874(-1) 0.977
*D;-%p, 1.4101(0) 2.3160(13) 2.0711(-2) 0.974
3po-*Py 1.4050(0) 2.0765(13) 3.0725(-2) 0.982
°D,-*p, 1.4089(0) 3.3680(14) 5.0111(-1) 0.980
%p,-%py 1.4041(0) 2.3778(13) 2.1085(-2) 0.977
%p,-p, 1.4013(0) 3.7690(12) 5.5474(-3) 0.967
p,-%p, 1.3990(0) 2.7061(12) 2.3821(-3) 0.975
°S,-°P, 1.4157(0) 3.2218(13) 4.8402(-2) 0.978
%s,-%p, 1.4078(0) 2.7929(14) 2.4893(-1) 0.978
3PP, 1.4062(0) 6.4855(14) 9.6134(-1) 0.979
°D;-*p, 1.4090(0) 2.5337(14) 5.2789(-1) 0.981
*Dy-%P, 1.4113(0) 1.7349(14) 1.5541(-1) 0.978
*D,-*P, 1.4101(0) 2.0085(13) 2.9936(-2) 0.977
3p,-°p, 1.4054(0) 4.7536(14) 4.2224(-1) 0.977
3p,-°p, 1.4025(0) 3.9968(10) 5.8930(-5) 0.887
p,-3p, 1.4002(0) 5.6294(11) 4.9640(-4) 0.943
55,-'D, 1.4200(0) 7.5811(11) 1.1459(-3) 0.970
%3,-'D, 1.4120(0) 1.1692(14) 1.0485(-1) 0.979
3P0-'D, 1.4105(0) 2.1126(14) 3.1505(-1) 0.980
°Ds-'D, 1.4133(0) 1.5264(14) 3.1996(-1) 0.981
°D.-'D, 1.4156(0) 3.2602(12) 2.9382(-3) 0.965
*D,-'D, 1.4144(0) 4.4675(13) 6.6991(-2) 0.982
*p,-D, 1.4096(0) 6.9641(12) 6.2234(-3) 0.982
*p,-1D, 1.4067(0) 6.5594(14) 9.7296(-1) 0.978
'p-'D, 1.4045(0) 6.9558(14) 6.1706(-1) 0.976
35,-15, 1.4159(0) 1.5026(10) 1.3548(-5) 1.068
°D,-1s, 1.4195(0) 5.5792(10) 5.0560(-5) 1.062
%p,-1s, 1.4135(0) 1.2140(14) 1.0908(-1) 0.981
p,-1s, 1.4083(0) 4.1784(14) 3.7271(-1) 0.980
1s25%2p*-15%25%2p°
*Py/-*Sa 1.4136(0) 3.0704(14) 5.5189(-1) 0.973
*Pap-*Sar 1.4112(0) 4.9343(14) 5.8929(-1) 0.972
“Prz-"Sarz 1.4106(0) 3.8707(14) 2.3091(-1) 0.971
’Da-*San 1.4080(0) 9.2036(12) 1.0942(-2) 0.974
Dyjp-*Sapp 1.4063(0) 1.5142(12) 2.6935(-3) 0.957
2P -*Sq 1.4055(0) 1.4130(12) 8.3685(—4) 0.949
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% K-Alpha X S 2812 T ARVE 5

EE &S
2py-*Sq 1.4050(0) 4.9983(12) 5.9165(-3) 0.972
2510-*Sa 1.3999(0) 7.3392(10) 4.3123(-5) 0.975
*Psjz-"Dar2 1.4174(0) 6.9816(13) 1.2617(-1) 0.972
*Py-"Dar 1.4150(0) 4.7170(13) 5.6637(—2) 0.972
*Py2-"Dap 1.4143(0) 5.0394(12) 3.0225(-3) 0.976
2Dyp-"Dapp 1.4118(0) 7.1867(14) 8.5900(—1) 0.972
2Dyp-"Dapp 1.4100(0) 6.4512(12) 1.1537(-2) 0.977
2P »-"Dg, 1.4092(0) 5.5891(14) 3.3280(-1) 0.969
*Py2-"Dapz 1.4087(0) 4.5847(12) 5.4560(-3) 0.972
2S12-"Dapz 1.4036(0) 4.8149(12) 2.8442(-3) 0.961
*Psj>-"Dsro 1.4188(0) 5.6265(13) 1.0188(-1) 0.973
*P3i-"Dsya 1.4164(0) 8.1732(13) 9.8329(-2) 0.970
2Dy,-’Dspo 1.4132(0) 1.3741(14) 1.6456(—1) 0.969
Dg,-’Dspo 1.4114(0) 4.9027(14) 8.7853(-1) 0.971
?Py2-"Dsp2 1.4101(0) 7.1849(14) 8.5670(-1) 0.970
“Parz-Pur2 1.4189(0) 6.1974(11) 7.4823(—4) 0.982
“Pua’Pr 1.4182(0) 8.3435(13) 5.0319(-2) 0.971
2Dyp-2Py 1.4157(0) 6.5370(12) 7.8565(-3) 0.978
2P -2P1s 1.4131(0) 5.6882(14) 3.4057(-1) 0.972
2Pyp-2P 1y 1.4126(0) 2.5084(14) 3.0015(-1) 0.974
*S12-Pr2 1.4074(0) 2.0476(12) 1.2161(-3) 0.947
“Psiz-Par2 1.4242(0) 9.200(10) 1.6786(—4) 0.941
“Pa-’Par 1.4218(0) 2.6215(12) 3.1778(-3) 0.961
*Py-*Pan 1.4211(0) 4.6666(12) 2.8257(-3) 0.967
2Dyp-2Py 1.4185(0) 3.5859(13) 4.3271(-2) 0.977
2Dy ,-2Py, 1.4168(0) 2.4492(14) 4.4220(-1) 0.974
*Pr2-Par 1.4159(0) 1.5303(14) 9.1988(-2) 0.972
*Pyz-Par2 1.4154(0) 2.1445(14) 2.5764(-1) 0.973
’S12-"Par 1.4103(0) 9.5859(14) 5.7163(-1) 0.970

1s25%2p®-1s%2s%2p*

%p,-%p, 1.4216(0) 4.7746(14) 7.2324(-1) 0.974
1P, 1.4197(0) 4.3586(14) 3.9512(-1) 0.973
p,-°p, 1.4153(0) 6.4215(12) 5.7848(-3) 0.969
%p,-%p, 1.4222(0) 2.4817(14) 2.2576(-1) 0.975
p,-°p, 1.4177(0) 5.8343(8) 5.2740(-7) 0.389
%p,-p, 1.4251(0) 1.9010(14) 2.8942(-1) 0.975
%p,-%py 1.4233(0) 1.3390(14) 1.2200(-1) 0.974
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% K-Alpha X S 2812 T ARVE 5

EE &S
'p,-%py 1.4188(0) 5.3223(13) 4.8187(-2) 0.973
°pe-Py 1.4202(0) 7.4266(14) 2.2457(-1) 0.973
3p,-'D, 1.4270(0) 8.3793(13) 1.2790(-1) 0.975
3p.-'D, 1.4252(0) 1.4515(14) 1.3260(-1) 0.973
py-'D, 1.4207(0) 9.6762(14) 8.7834(-1) 0.972
%p,-1s, 1.4307(0) 1.5450(10) 1.4224(-5) 0.789
p,-1s, 1.4262(0) 2.5232(14) 2.3083(-1) 0.977
1525%2p%-15225%2p°
*S12-Par2 1.4274(0) 7.1356(14) 4.3594(-1) 0.970
*S12-Pr2 1.4314(0) 3.6635(14) 2.2507(-1) 0.971
1525%2p%3s-1522522p°3s
%3,-°p, 1.4286(0) 5.9166(14) 5.4309(-1) 0.969
%5,-%p; 1.4328(0) 2.1521(14) 1.9871(-1) 0.970
1Sy-3Py 1.4317(0) 4.4818(14) 1.3773(-1) 0.969
33,-°Po 1.4326(0) 1.2154(14) 1.1218(-1) 0.970
35,-1Py 1.4290(0) 1.4620(14) 1.3428(-1) 0.969
1Se-'P, 1.4279(0) 6.2675(14) 1.9158(-1) 0.968
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