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FABOL TSR E AL, EhE ZTEEEASHHABRRIEANER. BT
BELTEARAEHSHABERES, MAANKENRBAHI TIETELN LS
B, SR OPA TSR T Bk, Hik, B TR EFER K KT LEMNR
THRESKISHEHFTHERNELTEEALYER.

Seely %% 8 I BOLITIE I 7 88 T B B AL Ac™* ik, %A Grant P £ 45
Dirac-Fock(MCDF)#2 W BR L e K 1T T8, B BN LR 4 R 2 N &8 IF, ik
HEFHEPLEETETEN N2 (QED)BIE, BE THEL RIS HE. Bx 4s—4p
MR, SRESHEEFEESBRAMNE. RS, Cheng %4 1% A Grant ) MCDF 77
HELXRTEREE ENBR TERST THE, i EERE T — L5 #E. 5k Seely
DI 40 Au® 10 4s—4p IRT EFH ST TR BN BB B+ &, SR 0 E b EE
SNBEANEFERKREN, BHXMENTRETETEERE M. EFRL.ERE
F1 Breit B 1E) AEFRFSIRM. BEERREN TR BT Grant 275 Z# T 5 Coulomb
TR (1 T B¢ 2 Breit 30 [ B T A8 36 0B B 31

ALK E T MBI R £ HA T, 3R ACOT R 0 45 1 B8 R Ok % KT
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{#, b6 LART B9 MCDF 77 i R R 307 £ 10 p ot S 5 R B 47 . RIR 46 o, %780 B AL MO 3R v
BHERTHFERARENE TR FEHN.
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TR WE IR, — MR Z, AT Hh N BT Hamiltonian &%
A=Dllca Pt (f-DE+ Volr)]+ D) =
i=1 —

BB /) Dirac UEESIFREPTRT A
1] Pl 7/ 1)
(r| nkm) = FiQu(r (/O
R Pu( ) Qu(r) AR ARMBEREEI K DT E, yn( v/ r) AIETF BRI B $ (spinor
spherical harmonics) .

NHETFTERNASZERE| yPIM) B LA B8 8 F Dirac LE A KK N B Slater 751X
Mt HERE.

HTFASHEEHR EFSRE| TPIM) RAFMHRE P, J M MEKMNASEHK
| YPIM) &1 4 & T

| TPIM) = > C,r | 7v,PIM),
r=1

R C, HABRERM.

ZRERBEPIRKNTE Pap( ) Qu( r) W H B35 77 158 I #% 42 M Dirac 77 1218
. BA Breit 12 IE 0 QED & IE/E A K, vI 18 2 68 & 70 % R B = ML L.

ARE LR RS HASEIR, FABRFRZ AR T4 W 5 GRASP 2
(general purpose relativistic atomic structure program 2)V BTV . v E HIRIEEMR A E 6
BB, 5 B IS E R A KN 3d04s, 3d104d, 3d°4s4d, 3d°4paf, 3d°4s?, 3d%4p?, 3d°Ad?,
3d°4£,3d1° 55, 3d1°5d, 3d° 5g, 3d°4s5s, 3d°4s5d; 1% B & F AR A S 5 3d04p, 3d° 4, 3d°4s4p,
3d°4s4f, 3d°4pad, 3d°4d4f, 3d05p, 3d1%58, 3d°4s5p, 3d°4s5f & TEVHEN, R R X B EEKA
4h, A ERAH T Fermi H RZALE! Breit B 1E . B it EME THRMZIE.

3 IWEERE®

RIGHTHERTE n=4,5 NRITHKNHEESLRME, HKAMHN i,
AMHHEETHEFES ANBFRTZIHHEEERBELZE A= ke — Aobs » BALH 1077
ENERBTGTENHESERESF. RTREE, X2 A5 TH>REOBEK KTILEM
WTFREME. AR 2 WA, B EKEE LR MR 7 58 B 09 BRIE A& £ 4 3d—4f Z ), X IE

1)I.P.Grant, C.F. Fischer, GRASP 2, #\ A\ iR, 1992.
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EEHEEE TAH BB — REES.

FEBRKERN. WK 1L PR, X 4s 2Si/,—4p *Py o M 45 %S, /,—4p *Ps, A M KT, Seely H
MCDF H it 54 R 58 M4 3 2 955X 10 *nm 1 157 X 10 *nm. X} 4s 28, ,,—
4p *Py ), A KO BRAT , Ivanov B RIS 5 MO A R 5L MM 2 315X 10 “nm. X 2
AT T R OAHERE 15 < 10 *nm ). Seely 121 #1 Ivanov 115 tH, B ib i+ B AL
BHENRBETHENERFSIE0, XM TENAERETREEE Ti+HE+ QED
R R A B T AR XN R AR B E S 2.

#£1 SEBETF (=45 KEHKNITEESERME(EA nm)

it g
BRiE L (E
AXITHE k(2] k(6]

4575, —4p 7Py, 11;34)185 (1 1 .915553) 1(13. 1258)0 11,2485
4s28,,,—4p *P3), 4 ggé)ts (4;817 5771) 4(' §991)9 4.8928
4p*P1/;—4d "Dy 3(' 3912 )1 ?'_9223 3'(?)28 3.9922
i, | 0265 | 62 | eomh 6 2653
44Dy, — 4 *F )y el Bl IS 5.9428
4d°Ds/;—41 °F; )y 6824 6;3‘5‘34 (6 ;6‘?3673) 6.6500
4s78y,—5p Py Oizigs 0&2%6 0&22? 0.9539
4575 s By Lo | rots | 1otz 1007
s, | 002 | os0 | oses 0,576
T R I
wosnn | | e | e
4 °Fs ;=58 °Gry 1;‘1‘2())3 1;:212 - 1.3984
4 2Fy,—58 o el Bibing - 1.4087

DREFESARNEEDFHENEREZE, B AL = Ay — Ag, H0% 10 *nm.
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£2 BWARTWEE KTV EAETEREY
BRiE A/nm Als7! &

3d'%4s 28, ,—3d°4s(°D)4p Py, 0.6090 8.777(12) 9.762(-2)
3d1%4s 28, ,—3d°4s(°D)4p Dy, 0.5956 1.466(13) 1.559(-1)
3d'%4s 28, ,—3d%4s('D)4p?P,, 0.5726 5.218(11) 5.130( - 3)
3d'%4s 28, ,—3d°4s(°D)4p 2Py, 0.5668 1.821(12) 1.754(-2)
3d1%4s 28, ,—3d°4s(°D)4p *F; ), 0.6380 3.243(10) 7.915(-4)
3d1%4s 28, ,—3d%4s(°D)4p 2Py, 0.6124 1.440(12) 3.238(-2)
3d'%4s 28, ,—3d°4s(°D)4p Dy, 0.6095 8.127(12) 1.810( - 1)
3d%s 28, ,—3d°4s(°D) 4p P, 0.5960 6.203(12) 1.321(-1)
3d1%4s 28, ,—3d°4s(°D)4p Dy, 0.5908 8.391(12) 1.756(-1)
3d'%4s 28, ,—3d°4s(D)4p 2P;,, 0.5716 1.398(12) 2.739(-2)
3d%s 28, ;,—3d°4s('D)4p D3, 0.5658 1.678(11) 3.221(-3)
3d1%4s 28, ,—3d°4s(°D) 4f *Dy ), 0.5056 5.043(10) 3.865(-4)
3d%4s 28, ,,—3d°4s(°D) 4f Py, 0.5048 7.742(10) 5.916( - 4)
3d%4s 28, ,,—3d°4s(°D) 4f 2Py, 0.4975 1.862(14) 1.388

3d%4s 28, ,—3d°4s(*D)4f ?P,, 0.4803 5.079(14) 3.513

3d"%4s %S, ,—3d°4s(PD) 41 *Fs 0.5050 1.222(11) 1.869( - 3)
3d'%4s 28, ,—3d°4s(°D) 41 “Ds.; 0.5036 1.051(11) 1.599( - 3)
3d'%s 28, ,—3d°4s(’D)4f *Py, 0.5019 3.118(11) 4.710( - 3)
3d1%4s 28, ,—3d°4s(°D) 4f D3, 0.4977 1.897(14) 2.818

3d%%4s 28, ,—3d%4s(PD)4f 2P, 0.4857 3.805(11) 5.382(-3)
3d'%4s 28, ,,—3d°4s('D) 4f 2P, 0.4843 6.885(11) 9.682(-3)
3d1%4s 28, ,—3d°4s(D) 4f 2Ds, 0.4808 4.475(14) 6.203

3d%p 2P, /,—3d°4p* °P) *Dyp2 0.5926 1.321(13) 1.391(-1)
3d%p 2P, ,,—3d%4p*(°P) 2Py, 0.5707 4.845(11) 4.731(-3)
3d%%4p 2P, ,—3d°4p?('D) 2P,y 0.5681 1.845(12) 1.786( —2)
3d'%4p 2P, ,,—3d°4p? (°P) Py, 0.5550 2.558(10) 2.363(—4)
3d%4p 2P, ,,—3d%4p? (D) 28y, 0.5335 4.468(10) 3.813(-4)
3d%p 2Py ,—3d°4p* (°P) 2D, 0.6080 6.914(12) 1.533(-1)
3d'%4p 2P, ,—3d°4p* (°P) *F), 0.5940 5.483(12) 1.160( - 1)
3d'%4p 2P, ,,—3d%p? (°P) ‘Ds,, 0.5928 9.174(12) 1.939( - 1)
3d%%4p 2P, ,—3d°4p? (°P) 2P, 0.5695 1.175(12) 2.285(-2)
3d%%4p 2P, ,—3d°4p? (D) 2Dy, 0.5674 4.991(11) 9.634(-3)
3d%4p 2P, ,,—3d°4p? (°P) *Ps), 0.5543 1.280(10) 2.359( - 4)
3d%p 2P, ,—3d%4p* (D) 2Py, 0.5339 1.139(8) 1.946( - 6)
3d%%p 2P, ,—3d°4p? (1S) 2Dy, 0.5309 1.304(9) 2.204(-5)
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F2 (8
®iE A/nm Als™t g
3d%%4p 2P, ,—3d°4p? (°P) “Dy )y 0.6360 3.631(8) 4.404(-6)
3d%4p 2P,,,—3d°4p* (°P) 2Py, 0.6108 9.741(10) 1.090( - 3)
3d%p 2P;,,—3d%p* (D) 2Py, 0.6079 9.657(12) 1.070( - 1)
3d%4p 2P;/,—3d°4p* (CP) Py, 0.5929 3.179(12) 3.350( -2)
3d%p 2P;/,—3d°4p* (D) 28y, 0.5684 2.213(12) 2.143(-2)
3d%p 2P;;,—3d°4p* (°P) 2Dy, 0.6537 1.899(9) 4.866( - 5)
3d%p 2P;/,—3d°4p? (°P) *Fs ), 0.6378 3.470(9) 8.464( - 5)
3d"4p 2P;5,—3d°4p? CCP) ‘Dspy 0.6362 1.386(10) 3.364(-4)
3d%4p 2P;,,—3d°4p? (°P) 2Py, 0.6095 7.100(10) 1.582( -3)
3d%4p 2P;,,—3d°4p? (D) D3, 0.6070 9.808(12) 2.167(-1)
3d'%4p 2P;,,—3d°4p* (°P) *Ps), 0.5920 1.094(13) 2.300( - 1)
3d%%4p 2P, ,—3d°4p? (D) 2P; ), 0.5689 4.487(11) 8.709( - 3)
3d%%p 2P, ,,—3d°4p? (1S) 2Dy, 0.5655 4.232(11) 8.114( - 3)
3d'%p 2P;,,—3d°4p* (°P) *Fs» 0.6871 3.884(8) 1.650( - 5)
3d'%4p 2p;,,—3d%p? (°P) *Ds,, 0.6375 5.295(8) 1.935(-5)
3d%p 2P;/,—3d°4p* °P) *Ps)2 0.6360 8.823(9) 3.211(-4)
3d%%4p 2P;/,—3d°4p* (D) %Fs), 0.6093 3.994(12) 1.334(-1)
3d%%4p 2P, /,—3d°4p? (D) D5/, 0.6072 5.492(12) 1.821(—-1)
3d%p 2P,,,—3d°4p* (°P) ?Fs), 0.5923 1.339(13) 4.225(-1)
3d'%4p 2p;,,—3d%p? (°P) 2Ds,, 0.5898 4.493(11) 1.406( —2)
3d'%4p 2P, ,,—3d%4p? (18) 2Ds), 0.5683 1.130(12) 3.281(-2)

DERTEES (m)RFE 10"

R 3FIHT 45°81,—4p *Py)p, 4528, /,—4p *Ps, Fl 4p °Py/,—4p *Py ), BE AN () 3 55
HMERE. X+ Coulomb —1T 2 &% T I EE £ 1 H it & ; FNS(finite nuclear size) £ F IR
BXNECREMNEIE, XK HE M Fermi R ; VP Il SE 45 A E SR A G B
E,FEZHEAG QED B N; BB NRTH AT Z M. ERMEF] B 3CEk(2]. BK 3 0,
A LA Seely 5 (¥ B 2% 18] B F, Coulomb, FNS, Breit £l VP {45 B & & — 3, T B &4
HEEFERREN.

Cheng %15 i /5335 i 02 # (local central potentials) & it 2547 Au*®* 11 4s %S, Fl
4p 2P, , A BB M E S WAL T, W REZ 18 B 4s 2S,,—4p Py, H B B8 A E AL 5
A4 2.041eV F1 0.463eV. 5 AR 3 & RILE, EFRMN(VP) 5 AL E R Seely 45 1
HHFERRIT. EBRR(SE)S Seely SR ZMNEB KX, 5ALLERFE/RF(FIEMEN
% 0.089%V).

MNEIFERERARFERE, FLHHEERI Seely FANHEERFRITELHRMEGT
CHERBEWREERTS). RN, ZAXER+ QED BN (VP 5 SE 2 ) 4 5
Seely 7+ & 45 B 1% 0.393,0.422 7 0.0300eV, RWA T RZEFZHFHEEL A", HE
SRIWE T HIN N EMN(QED) Mi%EE.
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®3 BREMBRTEENZREEN V)

4s 251/2_4]) 2P1/2 4s 251/2_4}) 2P3/2 4}) 2P1/2_4P 2P3/2
AXTH Xmi[2] AX T Xmi[2] AX T X#R[2]
Coulomb 111.133 111.134 255.760 255.668 144.627 144.534
FNS -0.543 -0.540 —-0.585 -0.582 -0.042 -0.042
Breit 1.469 1.416 -0.192 —0.241 —1.661 —1.658
VP 0.407 0.416 0.466 0.466 0.059 0.050
SE —2.243 —1.859 —2.130 —1.708 0.113 0.152
HEEE 110.223 110.568 253.319 253.604 143.096 143.036
spig (a2 110.22 253.40 143.18
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TRANSITIONS FOR Cu-LIKE Au*”*
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ABSTRACT
The fine-structure energy levels and transition parameters of Cu-like Au®®* have been
calculated by using the relativistic multi-configuration method (GRASP 2, 1992) with the
corrections of finite nuclear size, Breit and QED. The results obtained are in good agreement
with the experimental data available and better than those of the previous calculations. It can
be concluded that the QED correction should be taken into account further, which greatly im-

proves the accuracy of the calculated 4s—4p transition wavelengths.
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