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Abstract: By using relativistic configuration interaction (RCI) and multi-configuration Dirac-Fock (MCDF) method,
we have calculated the transition energies, transition probabilities, absorption oscillator strengths and line strengths Ko
X-ray from MnXVII through XXIV. Furthermore, configuration interaction includes Berit interaction and quantum elec-
trodynamics (QED) corrections. Our calculated results are compared with the other available data on He-like and
Li-like manganese and are in accord with them. The present wide range data are useful for studying manganese plasma.
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PSR SEERE 0, 1% 05 S SRR 2 A 7T 10
canitd, ERXREAIEANH—T:

£ Dirac-Fock J7EH, —5E J MFHRIH A KA
(p(FJP) & Dirac HUE AT 51 2R Ze 1 40 & 1 ) 3
BEZH 2 PR E(CSP I Z 4 & 2 F SR AR RN o A
TR RT3 B E(AS)

‘Iji(JP)="ifciaco(ran’) (1)
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Coulomb [ JEM % 1 1] AR IR Bl
ZEW/AOES 303 B

KTFHE—TUE j G, 2 —RpoTEik 5 T3l
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R BT R P2 A X S TR 2K H - Breit AH AR
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ARS8 HIERIE JLZE AT LLIE i Coulomb #i ¥ A1
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HIPGE LR S 2 S HANEE AR, (E X AN
U5 A 2 25 AH AR F O R 30— 5

T 2 41751 Dirac-Fock 7325 HI 40 2540 A F
T, AXRGE TS B Mn ) Kafll KBE
— e 5. A PR AR 23 R T vk F SR A A LA R 2L
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Table 1. Selected line strengths obtained from MCDF and RCI model, differences equal [S, — S, |x100/max{S,, S, }

% 1. MCDF # RCI #RLE 238 E . FRESTF[S, - S |x100/max{s,,S,}

Transitions (E1) n S’ Sy Difference (%)
1s2p—1 §*
P-'So 3 7.008698 7.061406 0.74
4 7.102998 7.055935 0.66
5 7.107359 7.057784 0.69
6 6.994253 7.037059 0.60
7 7.028908 7.058254 0.38
'P-'Sp 3 7.859363 7.789074 0.89
4 7.856540 7.789134 0.85
5 7.819864 7.877696 0.73
6 7.742347 7.788778 0.59
7 7.760444 7.788830 0.36
S" /& velocity ARUEMIZRIREE, S’ /& length FRAEMIZRS0E .
Table 2. Energies and wavelengths of Ka X-ray for He-like and Li-like manganese
< 2. % He $EF12E Li 4500 Kok BB AR K AIELER
Energy (cm ')
Levels Present Ref[™! Ref'¥ Ref[™!
'S 0 0 0 0
’p, 49,607,810 49,607,558 49,607,700 49,500,000
'P, 49,848,600 49,848,527 49,848,620 49,800,000
’Sin 0 0 0 0
('S)*Pyp, 49,658,250 49,662,000 49,662,000
(*S)*Psp, 49,636,840 49,684,000 49,684,000
('S)*P3p, 49,380,240 49,554,000 49,554,000
*Pin 49,275,310 49,186,000 49,186,000
*P3 49,207,090 49,216,000 49,213,000
CSyPin 49,173,380 49,493,000 49,493,000
Wavelength(A)
Transition Present Ref™! Ref'¥ Ref[™!
lsZp—ls2
*P-'S, 2.0158116 2.015820 2.015800 2.020000
'P-'So 2.0060743 2.006080 2.006200 2.010000
1s2s2p-1 $2s
('S)*P1,-S112 2.0137640 2.013600 2.013600
(S)’P3-"S1 2.0146326 2.013600 2.013600
('S)’P3,-"S12 2.0251015 2.012700 2.012700
*P1—S1 2.0294139 2.033100 2.033100
*P3-"S1 2.0322274 2.031800 2.032000
('SY*P12-"S12 2.0336206 2.020500 2.020500

136

Copyright © 2013 Hanspub



A Mn B 1) Kool 42 o 1) 2R F 7

Table 3. Present results of transition energies in au, transition probabilities ( A ) in s™, absorption oscillator strengths ( f, ) in length gauge,

the line strengths (S) and the rations of length to velocity rates ( A /A ) for Ka X-ray from He-like to F-like manganese

R 3. EEWLEK He Mn B3 F Mn B9 KaZRBIBRITRER (au), BRITILE A RAs™ R, KESERERLE(A/A ), RERTRE f (K

BEMISE) AL SRR S(au)
Transition Energy 4 A /A f S
1s2p-1s°
'P-'So 227.1300 1.1825(15) 1.0019 7.1345(-1) 4.7118(-3)
P8, 226.0329 9.8063(13) 1.0044 5.9739(-2) 3.9645(—4)
1s2s2p-1s22s
('S)’P1-"S11 226.2627 1.8933(14) 1.0040 2.3021(-1) 1.5262(-3)
(*S)*P3-"S12 226.1651 2.4720(14) 1.0039 3.0084(—1) 1.9953(-3)
('S)*P3,-"S12 224.9960 5.3832(14) 1.0070 6.6195(-1) 4.4131(-3)
P’ S1 2245179 2.1183(14) 1.0076 2.6159(-1) 1.7477(-3)
*P32S12 224.1711 3.9245(13) 1.0073 4.8614(-2) 3.2529(-4)
CS)*P1-2S1 224.0534 1.1148(13) 1.0077 1.3823(-2) 9.2548(-5)
1s2s%2p-1s2s?
'P-'Sp 2245275 1.1079(15) 1.1123 6.8404(—1) 4.5699(-3)
*P-'Sy 223.4706 8.7084(13) 1.1104 5.4275(-2) 3.6431(-4)
1s2s2p™1s%2s%2p
S1—"Pin 2240145 4.6916(12) 1.0489 5.8196(-3) 3.8969(-5)
D3P 223.5850 1.6037(13) 1.1509 1.9970(-2) 1.3397(—4)
281 —"Psp 223.5501 1.0464(14) 1.1144 2.6069(—1) 1.7492(-3)
"D3-"P3 223.1206 4.7744(14) 1.1316 1.1940 (0) 8.0272(-3)
PP 223.0392 4.2616(14) 1.1305 5.3326(-1) 3.5863(-3)
*p3n—"Pin 223.0121 4.9102(14) 1.1348 6.1457(-1) 4.1337(-3)
Ds—"P3 222.6955 2.5645(14) 1.1245 6.4379(-1) 4.3364(-3)
2P —Psp 222.5748 5.4973(13) 1.1382 1.3815(-1) 9.3106(—4)
P3Py 222.5476 2.7204(13) 1.1381 6.8384(-2) 4.6092(—4)
Pyn-"Pin 2220115 4.7456(10) 1.2201 5.9856(—5) 1.0416(—7)
PP 221.8981 1.7330(13) 1.1194 2.1909(-2) 1.4810(—4)
*Ps—"P3 221.8780 3.0134(13) 1.1220 7.8482(-2) 5.3058(—4)
P3—"Psp 221.6912 6.7355(12) 1.1284 1.7062(-2) 1.1544(—4)
*P1a—"P3p 221.4337 3.2325(11) 1.0525 8.2077(—4) 5.5600(—6)
132522p3—1522s22p2
'P,-’Py 223.0440 1.5111(09) 0.9128 9.4540(-7) 6.3580(-9)
'P,-°P, 222.7801 1.7235(12) 1.1577 3.2425(-3) 2.1832(-5)
PP, 222.5996 2.7913(11) 1.2979 8.7666(—4) 5.9075(—6)
PP, 222.3494 6.7020(12) 1.1589 1.2657(-2) 8.5392(-5)
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&R
’D-Py 2223215 1.4162(12) 1.2279 8.9180(—4) 6.0170(-6)
PP, 222.1689 6.3474(08) 9.6450 2.0012(-6) 1.3511(-8)
'P-'D, 222.0761 1.8817(14) 1.1443 5.9378(—1) 4.0107(-3)
3PP, 221.9812 6.0727(13) 1.2064 1.1507(-1) 7.7760(—4)
PPy 221.9620 9.2260(13) 1.1465 5.8285(-2) 3.9389(—4)
°*D,-°P, 221.9445 1.0418(12) 1.0363 1.9748(-3) 1.3347(-5)
°D,—°P, 221.8772 1.4601(14) 1.1371 4.6156(—1) 3.1204(-3)
°D,-°P, 221.7639 2.5288(14) 1.1313 8.0021(-1) 5.4126(-3)
’P-*P, 221.6982 3.6029(14) 1.1316 6.8447(-1) 4.6312(-3)
°p,-'D, 221.6454 3.7594(14) 1.1296 1.1909 (0) 8.0596(-3)
33,-°Py 221.5804 6.3680(14) 1.1264 4.0368(-1) 2.7328(-3)
3PP, 221.5177 1.0360(14) 1.1334 3.2855(-1) 2.2248(-3)
'P-'S, 221.3863 6.6455(14) 1.1192 4.2201(-1) 2.8594(-3)
'D,-’P, 221.3636 2.8874(14) 1.1230 5.5019(-1) 3.7282(-3)
’D-'D, 221.3537 3.2156(12) 1.1072 1.0213(-2) 6.9211(-5)
33,-°p, 221.3166 4.5046(10) 0.7555 8.8572(-5) 5.2801(-7)
’Ds-P, 221.2645 2.0319(14) 1.1196 6.4588(—1) 4.3786(-3)
’D,-'D, 221.2404 8.7115(13) 12314 2.7697(-1) 1.8778(-3)
'D,-P, 221.1830 4.2817(11) 1.2773 1.3620(-3) 9.3270(—6)
33,-°p, 221.1366 2.2572(13) 1.1296 7.1833(-2) 4.8726(—4)
’P-'D, 220.9942 1.3619(13) 1.1253 4.3397(-2) 2.9456(—4)
’Ds-'D, 220.7410 5.4023(13) 1.1164 1.7253(-1) 1.1724(-3)
*D-'S, 220.6639 7.2508(13) 1.1204 4.6347(-2) 3.1506(—4)
'D,-'D, 220.6596 1.3188(13) 1.1148 42152(-2) 2.8655(—4)
’S-'D, 220.6126 2.3146(12) 1.1639 7.4011(=3) 5.0322(-5)
’S,-*py 220.3683 9.0407(12) 1.1281 1.7383(-2) 1.1832(—4)
*pi='So 220.3044 2.9498(10) 0.8223 1.8916(-5) 1.2880(-7)
’S,-°P, 220.1877 5.1740(12) 1.1326 1.6607(-2) 1.1314(-4)
’D,-P, 220.0577 4.6602(12) 1.1358 8.8247(-3) 5.9611(-5)
S-S, 219.9288 5.0622(10) 1.0128 3.2576(-5) 2.2219(-7)
’S,-'D, 219.6642 1.9630(11) 1.1497 6.3311(—4) 4.3233(-6)

1 52s22p471 522s22p3

28183 221.9154 5.8209(10) 1.4322 1.4715(—4) 9.9468(~7)
2S1,-"Ds)2 221.3043 7.4242(11) 1.1947 1.8872(-3) 1.2792(-5)
P1p—*S3 221.2553 2.7498(09) 1.1677 6.9932(—6) 4.7411(-8)
Py—*Ssn 2212549 2.3860(12) 1.1521 6.0681(-3) 4.1139(-5)
Dsp—*S1n 221.0147 1.1206(12) 1.1799 2.8561(-3) 1.9384(-5)
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D3p-*S32
Si-"Pin
*Pir"Dsp
*P3—"Dip
*P3-"Dsp2
’Si-"Pyn
*Ds-"Dsp
PS5
*P3p-"S5
’Ds-"Dsp
’D3-"Dsp
’D3-"Dsp
PP
P3P
*Ps—*Ss
PiPsn
P3Py
*P1p-"Dsn
D3Pz
“P3r—"Dip
’Dsp—"Psp2
*P32-"Dsn
D3Py
“Ps—Dsp
*Psp—"Dsp
*Pp-"Pi2
P3P
PPy
*P3p—"Pp
*Psp—"Psp2
1 52s22p5— 1 522s22p4
'p, 3p,
PP,
p,3p,
3p,p,
'p, D,

3p,3p,

220.8815

220.7249

220.6441

220.6438

220.5171

220.5122

220.4035

220.3802

220.2901

220.2769

220.2703

220.1437

220.0647

220.0644

219.9823

219.8520

219.8517

219.7690

219.6910

219.6789

219.6114

219.5523

219.4782

219.3711

219.2445

219.1896

219.0995

218.9779

218.8868

218.5791

219.7737

219.4539

219.4372

219.1486

219.0845

219.0747

2.4397(12)
1.0081(13)
1.3564(14)
8.7215(11)
2.2853(14)
2.0274(14)
3.3381(11)
8.7864(13)
1.8398(14)
2.3456(14)
3.7414(14)
5.0844(13)
2.7658(14)
2.2434(14)
2.4782(14)
4.1746(13)
1.0008(14)
4.9852(11)
9.2971(12)
5.2837(12)
1.6362(14)
4.5557(12)
2.1890(13)
1.1658(13)
1.2137(13)
9.4793(12)
3.7964(11)
8.5276(11)
1.5703(12)

1.0486(11)

3.7560(12)
1.5564(11)
9.8536(12)
1.0095(14)
3.0614(14)

1.1213(14)

1526

—_

.1907

—_

1634

—

1168

1574

—_

1544

1.0368

—_

.1464

.1449

—_

.1495

—_

.1485

—_

1616

1451

—_

1359

—_

.1438

—_

1424

1399

—_

1144

—_

.1106

—

1530

1327

—_

1552

—_

.1196

—

.1447

.1441

—_

1520

—_

.1089

—_

1792

1557

—_

.1989

1.1970

0.9892

1.1694

1.1684

1.1745

1.1647

6.2256(-3)
1.2880(-2)
3.4687(-1)
2.2303(-3)
8.7764(-1)
5.1908(-1)
8.5551(~4)
2.2523(-1)
4.7202(-1)
9.0277(-1)
9.6004(-1)
1.9592(~1)
3.5551(-1)
2.8836(-1)
6.3756(~1)
1.0752(-1)
2.5778(-1)
1.2850(-3)
1.1991(-2)
1.3631(-2)
4.2238(-1)
1.7649(-2)
5.6575(-2)
3.0159(-2)
4.7154(-2)
1.2282(-2)
4.9229(-4)
2.2140(-3)
4.0805(-3)

2.7326(-4)

1.2101(-2)
1.0058(~4)
1.9107(-2)
32711(-1)
9.9260(~1)

2.1815(-1)

4.2278(-5)
8.7536(-5)
2.3581(-3)
1.5162(-5)
5.9699(-3)
3.5310(-3)
5.8224(-6)
1.5330(-3)
32141(-3)
6.1476(-3)
6.5378(-3)
1.3349(-3)
2.4232(-3)
1.9655(-3)
43474(-3)
7.3364(-4)
1.7588(-3)
8.7709(=6)
8.1873(-5)
9.3075(-5)
2.8850(-3)
1.2058(-4)
3.8666(~4)
2.0622(-4)
3.2262(-4)
8.4051(-5)
3.3703(-6)
1.5166(-5)
2.7963(=5)

1.8753(-6)

8.2599(-5)
6.8754(=7)
1.3061(-4)
2.2390(-3)
6.7961(-3)

1.4937(-3)
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wBR
PP, 218.9071 2.3180(14)
p—°Py 218.8288 3.3810(14)
p—°P, 218.8121 7.4714(13)
P,—°P, 218.5706 1.4256(14)
’P-'D, 218.4594 1.3415(13)
'P-'So 218.3328 3.4169(14)
°p,-'D, 218.2180 2.1691(13)
P-'So 217.7077 2.7080(11)
1 s22522p671 s22s22p5
2S10—"P3, 217.7912 1.6172(14)
2S1-P1y 217.4005 1.6480(14)

1.1655 7.5279(-1) 5.1584(-3)
1.1626 2.1975(-1) 1.5063(-3)
1.1637 1.4570(-1) 9.9886(~4)
1.1631 2.7865(-1) 1.1923(-3)
1.1773 4.3746(-2) 3.0037(-4)
1.1475 2.2310(-1) 1.5327(-3)
1.1595 7.0889(-2) 4.8729(-4)
1.1241 1.7782(-4) 1.2252(-6)
1.1866 4.2448(-1) 2.9236(-3)
1.1827 2.1705(-1) 1.4976(-3)

W f,), BROREE(S )M b v 5 38 5 A o 1) bE
(A4, 1 A4,), HNER LR S HBIER 3. AR+
AILVE R Al EEX KRB 4, / 4, VHRAE 1 BT
gl BRI BE RN ) L AR S5 5 B 0T 38 pr
A1 8 22 8] EE B BEURR AT AE AR A X8 R A R P A v L
BRI B IR R — B RV LU 5 PRI N 7
AT AL S EERE . BATTHS R T B AL R
K o5 26 80 955 B T AR K RE R A3 A » LT D R A1
BT Rt SN RE S

4. INGG

T 2 41451 Dirac-Fock J732: (9 & FAR AL R A
(EOL), FATRGH 7 B Kokl KBSZ
MnXVII ] MnXXIV FIERITREH, BROTJLE, R+
JEE RN L 5t 5 ) S R A AR, FRATT A B E e S T A 3
IS AR FF A AR A, RINHIERE T &A1 H K&
IR AR I RTSEPE o X SR AR R 2% B FH A
TAIEERIZHE R .
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