Applied Physics N.I#IEE, 2014, 4, 85-93 Hans X
Published Online May 2014 in Hans. http://www.hanspub.org/journal/app
http://dx.doi.org/10.12677/app.2014.45012

Relativistic Configuration Interaction
Calculations for Mg-Like Ions

Feng Hu

School of Mathematic and Physical Science, Xuzhou Institute of Technology, Xuzhou
Email: hufengscu@139.com

Received: Mar. 26“’, 2014; revised: Apr. 25“’, 2014; accepted: May Z"d, 2014

Copyright © 2014 by author and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

Relativistic configuration interaction methods including Breit interaction, quantum electrody-
namics and finite nuclear mass corrections have been carried out with the combination of the
energy level optimization method of multi-configuration Dirac-Fock to calculate the wavelengths,
electric dipole transition rates and oscillator strengths of Mg-like ions. Through the use of the ac-
tive space expanding method, the calculated experimental data are compared with the other
available data on Mg-like ions and are found in good agreement with them. In this paper we give
accurate transition properties of four Mg-like ions. These data provide reference for level lifetime,
charge state distribution and average charge of Mg-like plasmas.
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. FNRATEZES], ST P RS, BT CIV3IEIEGIME S, HEMibs R 5Ll EmEaa &b
Ko ZEHETRBEHNZ G, CVAHERTH SIS HM.

3.2. KK
28 B S5 T v R S G B 2R A RE 2R T DA A R AR T RS W R B . TR HERR S K T 7T



Table 1. The energies of Mg-like 3s3p levels
521, EMgHIE FHI3s3paELK(cm ™)

VvV CcVv
z Level Exp
4 5 6 7 4 5 6
%P, 217,703 217,852 217,874 217,880 218,464 218,539 218,602 218,604
%p, 222,561 222,695 222,716 222,722 223,310 223,381 223,480 223,438
Mn XIV
%p, 233,984 234,082 234,102 234,108 234,751 234,822 234,999 234,822
p, 331,435 331,026 330,986 330,970 330,293 329,371 329,007 328,042
%Py 278,944 279,127 279,150 279,157 279,745 279,813 279,834 279,816
°p, 288,605 288,765 288,787 288,793 289,364 289,425 289,488 289,401
Cu VIII
°p, 313,887 314,002 314,024 314,031 314,701 314,766 314,905 314,753
p, 430,797 430,363 430,320 430,304 429,393 428,470 428,101 426,987
%P, 372,850 373,094 373,121 373,128 373,731 373,797 373,761 373,577
°p, 393,528 393,740 393,764 393,771 394,274 394,321 394,355 394,255
Br XXIV
°p, 461,006 461,248 461,275 461,284 462,014 462,079 462,160 462,216
p, 603,612 603,222 603,177 603,161 602,074 601,169 600,803 599,474°
%Py 486,809 487,048 487,075 487,084 487,709 487,778 487,689 487,560
°p, 524,809 524,976 524,996 525,003 525,353 525,378 525,421 525,030
Mo XXXI
°p, 697,230 697,468 697,499 697,509 698,335 698,406 698,424 698,160
p, 866,365 865,980 865,935 865,921 864,801 863,940 863,592 862,060
a: Iﬁ[8]u
= VVn=4
4500 4 ® VVn=5
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Figure 1. The electron correlation on 'P; energy level
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Table 2. The experimental and theoretical results of Cu XVIII
F22. Cu XVINEER (cm )R SLIREFIR IR T B (A

Level MCHF CIv3? Clva® \AY, cVv Expt
P, 277,575 218,215 279,899 279,157 279,834 279,816
P, 287,358 290,158 289,455 288,793 289,488 289,401
*p, 312,938 313,039 314,031 314,031 314,905 314,753
p, 422,773 430,655 427,065 430,304 428,101 426,987

a: CIV3JRIATHEME; b: CIVIMEIEH.

Table 3. The wavelengths of Mg-like ions (A) (Mn XIV-Mo XXXI)
23, EMgBEFHIKEK(A) (Mn XIV-Mo XXXI)

JGER BRiE LI A% cVv MCHF
1S,-°P, 447551 448,989 447.663 449.36

2 1S,-'P, 304.84 302.14 304.94 306.29
1S,-°P, 345,557 346.267 345.612 348.00

2 1S,-1p, 234.16 232.39 234,589 236.53
1So-°P, 253.73 253.954 253.654 252.36

% 1So-'Ps 166.77 165.793 166.44 166.12
15,-°p, 190.466 190.475 190.338 188.85

? 1S,-'P, 115.988 115.484 115.795 115.36

i1 Seely %5 \[11], Sugar % A[12]LA K NIST 45 Hiff). M7 3 AfBLE H, PIREEIR MCHF J7ik4s it
Mn XIV-Mo XXXI & 1So-3Py BRIT I K #B 5 LI A AE M 22, Horh VV i ZE4E 0.71~2.70 A, CV i ZAE
0.001~0.229 A, ifii MCHF fh =i 7E 0.65~2.244 A; T Mo XXXI T 5, FATEE R 1Se-1P, 4B CV
5 E i mZE kN 0229 A, XEHRIFT MCHF 1 VV 3B A, FIIRATIANE E BT LB
N TR B I KA EE R R o
3.3. IRFIEE
xﬁﬂh#&%ﬂj#&ﬂﬁﬁEﬁ%ﬁ%%ﬁ}%%ﬂﬂii{aﬂ%B’J?%f%ﬁf PLH T A A 20K e X

e 522 p =149x107022 D @
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44T 2K Mg BT 1 35%-3s3p (P, Py BT R TR, RIS theh TR MCHF 48 5[10],
Safronova 25 A U455 [12], L% Huang 28 A 45 B[13]. WTRLEH, 26 Mg B TR TR ER T R
f3g N> . MBPT BT R ZC T H e pra B v 5HAE, (HERE LR TRIIG N, hEHRIER
Wi/ VV. CV. MCHF DL Huang 45 5 AERTE— MRS, k2 18] (1) f 22 A EEid 10%. Huang
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S NIIZE RAAIE W] 5 NIST 45 45 AN 2N T 1%, R FRATAT LLELEE CV 55 Huang 28 A 45 Sk i
LETHH AT ENE. TRAEH, CV MiHEME 5 Huang 25 A (045 BBUE FAREEE,  BRIRA 1A A 24 5l
TR TS H AR . R RATRI VV AR R ZET CV M5, tF CuXVIN ) 'Se-'Py
BRI IR R0, VV THSEN 0.733, ZLL CV KIH5E 0.761, B %L Huang 25 N4 Hi0 0.741. H
T HAT MRS, BTV AR — LR

3.4. RERED
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Table 4. The oscillator strengths of 3s*-3s3p(®P,,'P,) transitions of Mg-like ions
4. £MgETF3s>-3s3p(°Py, Py BKIT MR TSR E

JCHR ERIT VvV cVv MCHF MBPT Huang
25 1S4-°P, 2.716(-3) 2.889(-3) 2.808(-3) 2.22(-3) 2.63(-3)
15,-1py 0.847 0.870 0.806 0.802 0.862
29 1S,-°P, 6.497(-3) 6.844(-3) 6.856(—3) 4.43(-3) 6.24(-3)
1Se-'Py 0.733 0.761 0.691 0.694 0.741
35 1S4-°P, 1.663(-2) 1.731(-2) 1.575(-2) 1.42(-2) 1.58(-2)
1S,-1P, 0.634 0.623 0.595 0.591 0.624
42 1So-*Py 3.261(-2) 3.362(-2) 3.033(-2) 2.83(-2)
1S,y 0.565 0.548 0.524 0.521

Table 5. The lifetimes of Mg-like ions °P; energy level (S™)
5. EMgE TP HIBERE® (ST

z A% cVv MCHF MBPT AE He
25 3.33(-8) 3.46(-8) 3.23(-9) 4.05(-8) 3.64(-8) 3.70(-8)
29 8.82(-9) 9.01(-9) 7.94(-9) 9.90(-9) 9.08(-9) 1.01(-8)*
35 1.67(-9) 1.85(-9) 1.82(-9) 2.02(-9) 1.91(-9)
42 5.05(-10) 5.32(-10) 5.28(-10) 5.75(-10) 5.49(-10)

a: SCHR[15].

Table 6. The lifetime of Mg-like ions P; energy levels (10** S™%)
6. EMgBET'PAURERF (10" ST

z vV cVv MCHF MBPT WAEE He
25 451 4.90 5.23 5.21 476 4.85°
29 3.13 3.24 3.63 3.55 3.21 3.41°
35 1.77 1.99 2.08 211 1.89
42 1.01 1.05 1.14 1.16 1.03

a: CHR[7]; b: SCHR[16].
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T 3s3p(CPy Al P RE S TRy, b, FARTAIAAESN Curtis 75 1991 4 MR 24 i (1 SZ A6 (A1 — L3 i
SERWAETEM[14]. KT 3PL, VWV KRS R S EGEmMZEE 1.89%~12.5%, CV 5HGHEMZEH
0.77%~4.94%, MCHF 5l&1E w2 N 3.83%~12.6%, 1fii MBPT S5l &1E i %N 4.73%~11.26%. 7]
DAE H 2% R L ORI N 5, CV T S S A Nz

X1 Mg BT P s S, AR 5P AEAF A E L P L, WV
THHEEREMNGEMZELE 1.94%~6.34%, CV 5 EGE %N 0.93%~5.39%, MBPT SHL&E 12K
9.87%~13.08%. IR AZELE Br XXIV A1 Mo XXX, M| MCHF 5#&E MW7z 9.45%~12.62%. [ &
fITER B 5 F2 6 tf NIST 45 H 1IsE 30 S A{E A 0.29%~6.94% 1R 2, BATNNEHNRE, —i&
NIST 45 S2BeME, L B IATE ERLTE 20%; — 2 4 HIEN, SeoeBdiid, Himdla ik
WA AR WERFEEXH MR, BATNRFEE R TR, CV MELER. (H2&H
2K Mg (550 K 2 /2 7E BAH40 80 AEARTE R, Sl T4y 55, &R SEIn ks FEA IR &, I Re g7
i PR 5 2 SRS 1A P S5 R 58 e

4. #5ig

AICiE 2 417 Dirac-Fock 759, R H TR, TEAATHE 78 Mg &7 IOREd, Bk, k1
SR AREH AT f, GREBWIH SR TR G, AT CV AR S O ISLin sl R LHIR 4 R 1R
If o REEERX T AR Mg BT IR RN A BRI S RIS T4 CA I Seias RAE SRR
S8 A HE B AR L.
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