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Debye Rt BiAH T A" BT
BERERFEE"

B oxY 4 5 yrz?
1) (R B TR B RIS, 1K 100088)
2) CIb 5% 4738 554 B 50 BFACAR, JE % 100088)
(1997 4 11 A 26 A 3)

DU AR LR RSB E M EAE F (AT ) A0, TR TSR FEF AHES
T RIRBETF PR FAT AW, XA % Debye R #k 9 Hartree-Fock-Slater B¥G %, 1tH T
ACTTEFHERTFH a N LRI T I 28 AAEIES, BB T WM T —F 5 Debye KE A M8
EFEME E,, WATERGRE, MREZ MIFOLERTRE. 5RAF MM 8 h e T 8 5F ik
ERENMFREIANTR BN EMNEESE URBERTE N TEIMRELLT
(n, O, FE—NIEFFRKE Al n ), HNTZ A WHER ELVE; S AERDN, E
BR o b HIAERH. A, RSN RIS, BETE A>S5a & T, Debye ST
AT B FRORBE IR TR CF W HE R RS R W, TS PE B F R R — R

PACC: 3130L; 3120L

)

1 3

FETHERENATFEITEFNREANEES SV EZTETAEFTREENREX,
BARNHFEESTHRYHEZ LREYES REPESFZHEH. EYEER, XTEES
EESETARENHABRERZ, IR ERESEEREARERTTH D, TR
BENBREFTEERNE FRENMEESETEMNDE B TENEREARER
(ICHM X HEBOEHARTHRAMRIGRE FEE, MARBEBETATRBENEZWE R
HE,FRENTEETFERBRBAN TTANTRRESBRAELE.

NFEBHETFERBULLE RN ITI0 BT T IBK — BRI, XF 0T 8848
B EE F AL 3 (plasma polarization shift)!! . F AERFEE AREENES
FHART, RUAERPEEMENAE CEFFZHR.EF, ARSERELS
(SSCPYI A X E B TR ERDY, ZEURBRACREREERRE T, BET
Debye-Hiickel(D-H) % 72 (K3 B & FE AR IR T, 838 F B FERBP), 0 T 8646 15 70 P 4R IR A
P45 — i 3R, Skupsky 5B 38 Y T AT TS 55 B A0 B % PR R R BRI F 0 “dE 4 % D-H

TERRERFHMEEARRERFEESNAR AR EZEEHBKRE.
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AR,

%t T B 1 A, D-H #52 — MBI f93E 1. Stewart 1 Pyac D SE WS E Fih+
FHAETEEFROLAERET D-HH, ¥ H Rozsnyail® th O & Bl D-H #4 3% B T 4
T H B F 0 A & Hartree-Fock-Slater(HFS) #4B 4F F L AL .

DL AT — e R e S B T Ak R R B 1 e R E RAI R REE THATI, RAE
X B 3% E D-H 818, $53% 5% B % Debye JE R0 HFS B %, B XM 0 B ERET.
AR ICF ERHPEMET—AC , SETHRBEREZ LN 107—10* cm ™!, 8
YK 1.5keV.

AT A EREARBETITH, F5REBTFHRBRAETHE, SNXHES
WEBTFEREAETFH RS A ARS8 F 4R B I, 075 5 RN 4k 4
BERRI M BR A PR IE L. E R IR B T, B2 R A, R PUE RS MES
AP, BB R T, B A5 RORR R & 0 R B IR T 98 B RIS 8 R E
SERETEREAE AR W, AR B ERET, 052 W R ERH N, BRSNS L& BN
HH R 4k — . i T2 SCHTF 41 7 00 10K 25 B A 00, O DAZE SO T A1 R N T Au™ 94T
ETBAERBIT®R. £ E LB, RAIVH Cowan 2 FF 5k M # # 3 it 15 IE &9
Schrodinger 77 #215), 8 21 T 4 B F 42 17 3 B 40 9008 R AE B B0 2 42, W B SRk B T R
THMERMASZRETFEE. AP EFHOM KSEEFRYMEET A, FELEHT
& 87T Debye R #k T II{H, 510 Debye FE#E /5 M8 1E T L%k .

2 EAEW

REBRTFEBWBHHPE, AT ET WG, B 28 AH X838, W 58812 ) ¥ R
¥ £ Schrodinger 5 7% .

&R, I(1+1)
it [Bam Vo0 =5 R, =0, (1)

KR B®E Vo(r) 5HERE E, 3R A Ryd 847, r RH a9 842, B Vo 2 HFS HiA %
RFRTHEEHN N, RFHREN THEBTHHENEFEET A, Fil)E
BBEEHA

V(r) = Vo(r)exp(— r/ A), (2)
=
Ne -1/2 3 l
A= [4”2 k—T] = 0.518 /; (3)

AFRH Debye Rt /E, NNV EBTFHFRETEE, THRFHRTPEHEE. A, T, N,
5 5% F a9, Ryd A1 10%* cm ™3 g B 4ir .

EEX AR REETEETARET, BARBETHHRABETFHETRE, A
AR SR T A TFEARR. Q)R PN A BE /N, BRI SRR, 4
ABUE KRR, BRIEIE R ABRER, 4 A~ i, T EH B RE b TR #E.

XS BE #c #5 T € Schrédinger 7 FEE— B Hitie, Q)REFKAETE A
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d*R, 0 Wi+1
Tt (B vee - KR, . (4)
% A->ooft,e” A1, M lim B, AR M T HBUERE. 4 r/ AL, DESBFRT,
W e TAMERKRTF, HE—FIED

et 11— r/A,

m4)XEH
&R, I(1+1
;lf—r2l+ |:(Enl+ Vor/ A) — Vy - %} R, =0._
& ey=E + Vor/ A, LB
&R, Wi+
S e v DR, =0, (5)

B & H 7R (5) B4 LB W T B9 4% M % 2R 4500 /2 1Y Schrédinger 772, B v/ v >1 B,
EWMTFRR:

Enl;enltIVOI"/A enl't2(z_1i\1+1)’

R r ABTFEHELRS, e H TR T R AL .
FErNEIEREBRETHREER< r>HE, INBRHRELS LHL TR

W, AR < r>< a4 a=2 NI ) a0 R A
TS BEHA EEHT A B, TR EN A RAR - A RIS
BEESE, WA TR A, RS ESATE, RN RHRSE - A< <O BT
e, B R A T B R TR g 2D ARIT, 10 6 5 3R 4 e B
BRSO H A I EE) R TTE M (n, DEIH RS Ao n, D, B e
AR BT RAH Ao .

% r/ A~ 1, BT KA TR, & 003 5206 R . 26O o ST
B & 5 BB B0 o e T ) B MR A 3, (B R R 1 6 MO 55
BT,

X THREBE T, Rogers & NI EAFHEEM FEM LR,

E=-(Z/r(A-r)Ae?, (7
TR A F B A, EHL AT A D S, WREE T (n, DR
RERS (05 5B IE Ao(m, D~ < r>

M4 B LRt — s e 5, 96 L4 4546 0 B T A B 2
5, TR M AES T 16 Debye BT, T8 68 9 Mok LS WS 51530, B0 T
— M, D, B4 BB A BN T8k, 36 B BT DU, 46 38 R A T, B A 7R
W BRCH S B, ELA T ROK o {0, 954 1T RS, B A0, 76 P B T R 15 s
A5 R 0 R S BTG, 1E % 1 AR MO B R R TR R

(6)

3 #£R5##

A HFS BEWHHE T Au’®” 72 Debye R T HI4IERE E, FHBIEE R < r> U
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REEH Vo, \TTRBFRE VE r 0BLER, LRFHAE i, j 2 0K RIT 8K 6
AE;, SHAMNEHETHRERTEE . X8 A FANEBFHFBHEREL N
101—10% cm ™, A 0.05—5 keV. (3 RATLUE A A 1—10%, 2 WAL, T
PR RIS A~ <2, 5 F & IS
A~ =53y,
1 5B AFE Debye £ F A T,
PV(r) rER, B BT — & MEXNTF 9
A=1ay, ABEN lag—oo. —60
WE 1T W, EBFRERT,
V(rFE r I KBRRBETE, £ r—4a ~100
W, V(r) B IE % BiE T E. E R i /E A
MEWRE, V(r) R BB B X

0

-20 |

—80

V()

-120

— 140 |-

—160 | | | | | |

R&E. 8 A>oolif, &£ r EA KT Sa 1% 0 2 4 6 8 10 12 14
WF,H rV(r)>—102, 80 V(r)—>—2 /oo

(Z-N+1)/r.

B 2(a)% BB EE S s, 25, 2p, 3s,
3p,3d 6 NHEN E-A TALEHZE. 24 A<10a B, RAKE R B EEPE A BB, 4
A~100a, B, E BB TRERE. B 2(b)FHBERAER 6d, 68,75, 71, 7i 5 MHERK

M1 AR Debye k@ AF A" BT rV(r)-r£5

- 2000 -35
-2500 P
— 3000 X 3d
3
-3500 |- >
3s
5. - 4000 B
=4
< s &
E — 4500 3
[£3]
k 2s -
-5000 |-
-5500 |-
—6000 [Peer 1s
- 6500 | I !
10° 10! 10? 10° 10*
Alsy
(a) 1s,2s,2p, 35, 3p, 3d BE R BhIE B2 (b) 6d,6g,7s, 71, 7i RER BB

M2 BRSBEEERPERN E A BLHLE

E - AZAHE. B 2(a) 5(b)E, TEH AXSERERER( L= — E,) BHEX %R
HAESIE R R ERITESS, BE AR A ALK,
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Alag

M3 BEBERT A’ BT 6g,6h,
7s,7p, 7d $LIB R T HEI S

K 3 4 HE R e 6g,6h,7s,7p,7d 7E
MEERIEH THAHME.
AEH T RHE, &5 —55 H LR R IR
T E fE.

R2IWHERFEHR A=0.2—2a, T
E 8, (n, DAMN 1s FE 7i7s. AT LLE H,
NTFEAN(n, DRE, HEXFE—-—TRF
Debye R E Ao n, ). 4 A< Ay BT, %
Sk BEBEFRERT, EEK »
Ah, MBI T B R . MR 2 TE R
FREATHRATHENS. H A=1a
F,6h 5 7s,6h 5 7p 22 45. 3 A=0.7a
Ff,5g 5 65 3245,

£1 BEHREAT A BTHAEEE E, (346 :Ryd)

A 5 10 50

100 500 1000 ©

1s  -6064.9386 —6082.9488 —6097.3837
2s  —1212.9973 -1226.0487 -—1236.5584
2p —1076.5624 —1089.6785 —1100.2351

3s —410.8982 —421.7091 —430.4987
3p —370.8501 —381.6463 —390.4246
3d —-328.5268 —339.4091 —348.2460
4s —195.2050 —205.1377 —213.3406
4p —179.9141 —189.8309 —198.0269
4d —163.2362 —173.1529 —181.3454
4f —148.2743 —158.1268 —166.2483
Ss -110.3658 —119.8319 —127.8149
Sp -103.0211 —112.4641 —120.4392
5d —95.0407 —104.4764 —112.4482
5f —88.4122 —97.8405 —105.7924
5g —85.1529 —94.6001 —102.5310
6s —67.9338 —76.9463 —84.7484
6p —63.8863 —172.8661 —80.6573
6d —59.4697 —68.4319 —76.2168
6f —55.8561 —64.8184 —72.5946
6g —53.9439 —62.9453 -70.7212
6h —53.4073 —62.5189 —70.3295
Ts —43.8872 —52.4157 —60.0360
Tp —41.4450 —49.9324 —57.5385
7d —38.7623 —47.2213 —54.8176
7f —36.5672 —45.0235 —52.6141
Tg —35.3619 —43.8620 —51.4606
7h —34.9241 —43.5268 —51.15%4

7i —34.6789 —43.4253 —51.1091

—6099.1898 —6100.6349 —-6100.8156 —6100.9782
—1237.8764 —1238.9315 -1239.0634 -1239.1821
—1101.5586 —1102.6181 -1102.7506 —1102.8698
—431.6063 —432.4938 —432.6048 —432.7047
—391.5308 —392.4171 —392.5280 —392.6279
- 349.3589 -350.2505 —350.3620 —350.4624
—214.3824 —215.2184 —215.3231 —215.4173
—199.0682 —199.9040 —200.0086 —200.1028
—182.3861 —183.2213 —183.3258 —183.4200
—167.2788 —168.1056 —168.2091 —168.3023
—-128.8394 -129.6633 —129.7666 —129.8596
—-121.4634 -122.2872 —122.3904 —122.4834
—113.4721 —114.2958 —114.3990 —114.4920
—106.8129 —107.6336 —107.7365 —107.8291
—103.5465 —104.3627 —104.4650 —104.5571

—85.7627 —86.5807 —86.6833 —86.7758
—81.6713 —82.4892 —82.5918 —82.6843
—77.2306 —78.0483 —178.1509 —78.2434
—73.6067 —74.4230 —74.5254 —74.6177
-71.7311 —72.5451 —72.6473 -72.7393
—71.3399 -72.1537 —72.2558 —72.3478
—61.0423 —61.8562 —61.9585 —62.0507
—58.5443 —59.3582 —59.4605 —59.5527
—55.8230 —56.6368 —56.7391 —56.8313
—53.6185 —54.4314 —54.5336 —54.6256
—52.4640 —53.2757 —53.3777 —53.4697
—52.1635 —52.9751 —53.0771 —53.1690
—52.1149 —52.9270 —53.0290 —53.1208
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2 BEMBAT AC BT HHER E(#£4:Ryd)
A 0.2 0.4 0.6 0.7 0.9 1.0 2.0
1s  —5243.21676 —5660.85623 —5805.03137 —5846.68737 —5902.55095 —5922.19047 -6011.1307
2s —688.90662 —937.87212 —1032.16392 -1060.20506 -1098.37288 —1111.94465 -1174.4081
2p —544.06128 —798.40283 —894.09583 —922.48104 —961.06343 —974.76770 —1037.7405
3s —78.24388 —210.32965 —273.08181 —292.97280 —320.92978 -—331.11364 —379.6104
3p -43.91343 -171.19566 —233.42087 -—253.21431 -281.06787 -291.22154 -339.6110
3d —-0.42226 -124.85860 —188.71738 -208.98577 —237.44158 -247.79319 -296.9518
4s —-0.81930  —45.23846  —84.41072  —98.46098 —119.38651 —127.33452 —167.4362
4p -0.19406  —32.47678  —70.18895 —83.95397 -—104.57222 -112.43081 —152.2379
4d -0.00386  —17.14184  —53.62153 —67.27557  —87.83803 —95.69431 —135.5403
4f —2.00271 —37.91230  —51.74535 —72.58196  —80.52854 —120.6286
Ss -3.95114  —22.55062  —31.40709  —46.09631 —52.08025 —85.1025
Sp -0.91192  -16.92954  —25.31956  —39.51322  —45.35381 —77.9045
5d —10.26558  —18.15684  —31.92615 —37.66681 —69.9726
5f —3.97427  —11.45804  —25.06786  —30.81258 —63.2815
Sg -0.01000 -5.84096  -15.43138  —26.18799 -59.7174
6s —-2.82672 -6.80403  -12.43371  -19.46124 —45.2602
6p —-1.18332 —4.49453 —8.84658  —16.26600 —41.4163
6d -1.75163 —5.44553 —12.48156 -37.1183
6f —2.61614 —8.94637 —33.4666
6g —0.02941 -6.13913 —31.2557
6h —3.25795 —3.38317 —30.0587
Ts —2.08483 —5.40908 —23.9529
Tp -0.73077 —3.99473 -21.7591
7d —2.31251 —19.2657
7f —-0.72933 —-17.0939
Tg —-15.6388
7h —14.6515
7i —-13.6274

RIBERWULE A=5 i, Ls—Ti UBH A RS, AN THE AH, BELH,

A o ET, D IENSETERRESR. BENIMNAFFIMEERIITHERLMR

B RATEE R R BB EOHTH T EE LN FHEHN A=

k.

A

UEHBREMIELETIRRAREEKE A(n, DFIBRERTRATENFE.
R 3 FHEEAES 1s, 25, 2p, 35, 3p, 3d I H 887 6g, 6h, 7s, Tp, 7d, 7f B F 3 iE

PR S>EANR ATHME. 2 ATE 5—1000a, 78 B ALK, B &k 51 E BUIE 19 % i i
RTHERIE, BEARE, FRBNX T FHRELERERAKR. AR TEH, X T
ME »E, AR LEOHE, EFPHPOELRRARER D LREFYERER. X~
Ml 5 REE THIAERL. _
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#3 ABRLENABIETHER SERR A THE

A 1s 2s 2p 3s 3p 3d

5 0.01696 0.07140 0.06415 0.1812 0.1810 0.1634
100 0.01696 0.07124 0.06408 0.1810 0.1807 0.1626
© 0.01696 0.07124 0.06408 0.1809 0.1807 0.1626

A 6g 6h 7 Tg 7h Ti

5 0.8633 0.7683 1.307 1.258 1.168 1.037
100 0.8527 0.7626 1.281 1.232 1.144 1.028
o 0.8526 0.7625 1.280 1.231 1.144 1.027

RAGRSNBENTAREARFRE f70, EFEE(n, D—>(2", ') THERTHKEE
AEGMDG IR TIRE FI0 A MR, FEMMBE A=o THHRIET HE. K4 KL
WEHEZ R K ERIE, AT BLE W, W TK » E 5818 EKIE, Debye Bf fon BUR 58 fll Ot 22 9k

TRENE MBI K.
R4 ARRERTBRB AEMAERTFRBE FIEEAR A THME

4s 4p 4p Ss 4f Sg

A AE; % AE; % AE; 1%
5 15.310 1.3333 71.650 0.73860 65.833 17.822
10 15.271 1.3272 71.416 0.7324 65.441 17.689
20 15.255 1.3248 71.216 0.72896 65.167 17.603
50 15.247 1.3236 71.068 0.72670 64.978 17.545
100 15.244 1.3232 71.014 0.72592 64.910 17.525
500 15.241 1.3229 70.968 0.72528 64.854 17.508
5000 15.241 1.3228 70.958 0.72514 64.842 17.504
B 15.241 1.3228 70.957 0.72512 64.840 17.504

K5 SBRRERTEERBE AEMAERTRBE FITEAR A THME

7 7g 7h 7i 7g 7h

A AE; b AE; b AE; 7
5 1.2049 4.6681 0.2222 0.5229 0.3845 1.4119
10 1.1496 4.3876 0.0974 0.2187 0.2842 0.9972
20 1.1397 4.3321 0.0622 0.1380 0.2582 0.8944
50 1.1401 4.3283 0.0518 0.1145 0.2517 0.8686
100 1.1414 4.3324 0.0503 0.1110 0.2512 0.8663
500 1.1428 4.3374 0.0499 0.1100 0.2514 0.8669
5000 1.1432 4.3389 0.0498 0.1099 0.2515 0.8673
B 1.1432 4.3389 0.0498 0.1099 0.2510 0.8673
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RSANNIEREZRBRE, AR S TAIEH, X T8/ o E, PEEFEESL
HIERIL, Debye R RN WR BB =T REMNE WG n EHLERTZ .

F 5 184% HK 1N Debye BRI AE;M fLH, @it 5 A B 50008, T AE;, fiEAE
B, ATHEHY A>co b, MA TS REE.

AXERETMNAs B 7Ti BAME ML ATKRIT THBRENLERTRE.
MEE AR RE, HEX FIH— 4 EEKIT, Debye B R H Bk e B B KR, %R
TREMMNHE APZHEN. RSB EEBENN, AERTRELEIE A X
6. Xk BT LAZE — e R B b 1 B Debye RRiAT FRREAEFE TR A £ /%M. £ MR T MK
LA RE AE;FE A IR HER, RATRINFE A KB/, MR FHEER K, AE;/E 4
Ak R Tn) B R B T ) R A, A B R A 5 BF B ER T B AR KB, TR X P e el BB
W & . Skupsky' 38 it “ JE £k M D-H SR8 L 0 TR 55 BEAE UL, % 4 8 B0 10 78 AL A AE 1
T—MNREHENERE, BiEEEINT N ZHRANEREMBER, £REEHFLT,
BEBHIBRAEE, BMBERN T AREX—RBERLEBZRAZN.

4 % ®

DHRHERBREEXRET R —MREFWIED, € ICF LR+, TBEMNBHEET
R R FEEL R 102 —10 em L B EA K 1.5—10keV. 24 A 7£>5a, T B A2 4L AT,
EETHRREMN RN R T, BERETS, NPUERBER TS, M XMHaE
MU TEBSN FREEEEZm, Bl A CHERKY AE T Eh i EBERT%
FIBE. EXMIERANASTFERBEBR=ERE W, AR FRESASZHYE
M. W] AT EE S R BB R A E AT, T A BRI R, RKITERETHAS K
AR KRB, MANERBEBREFMERET S A=5a i, PHIEELEE A TBEAX—
2.

Y A<52, B, UM AFRKEZW, EmFDHENKNEHEED, faFHE
KIEHRT, RAXMHERASNEMES2—wl0 jggigg2ks, 5k EH0HEM
tb, SM B B 1) P ¥ 3 TE - 12 FERGE RE A AH X R L 7E Debye Bl TRCA .

MR TFEMT, RF(EF)FLEREZ N REEHE, %8 Debye F # )5, F B
BEXRRTHAFREENREEONESATFE XTEARERFETEEEASHE
TP
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THE ENERGY LEVELS AND OSCILLATOR
STRENGTH OF A COMPLEX ATOM——Au™" IN A
SELF-CONSISTENT POTENTIAL

FENG RONG" Z0oU YU? FANG QUAN-YU?
1) ( Graduate School of China Academy of Engincering Physics, Beijing 100088)
2)( Institute of Applied Physics and Computational Mathematics, Beijing 100088)
(Received 26 November 1997)

ABSTRACT
The effects of free electrons in a plasma on a complex atom are discussed, here we are interested

in the target ion — Au®"

in inertia confined fusion(ICF). The results are compared with those in
the case of hydrogenic ions. Accurate numerical solutions have been obtained for Schrodinger’s equa-

tion through Debye screened Hartree-Fock-Slater self-consistent potential. Solutions have been com-

Debye screening length A. As in the case of hydrogenic ions, under screening, all energy levels are
shifted away from their unscreened values toward the continuum, that is, the ionization limits are
shifted downward. Conclusions have been made that when A>35a,, that is, in the weak screening
case, Debye screening has little effect on oscillator strength, average obital radius, transition matrix
elements, etc., of Au™". For each (n, 1) eigenstate, there is a finite value of screening length
Ao(n, 1), for which the energy becomes zero. When A is sufficiently small, level crossing appears
at high # satets. Optical oscillator strength for Au™ " has also been calculated, the results are com-

pared with those under unscreened potential.



