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4f7 /2, BP1 /25 BP3/2, 532, 5ds 2, 5f5 2, b7 /o KIFTH
FAXUHOR A, 1% BRI AR 12 8 5SD; B =
£ 5SD HFEA b3t — % 1 T BIHE LR HIE 6sq o,
6p1 /2, 6p3/2, 6d3/2, 6d5 /o FKIFTA BIUHK A, X F
R RATARIC N 6SD. R 1 45 H T A [E R 1
HL A (esl) B H . AT 42 8 i SCBEAR
R, fE BARB RS FE R, 5SD 4 6SD Bz AR AL
THE TIPS SRS REL, JE%5E T Breit 41
HAEH.

F# 1 8S, 5SD 5 6SD HIRBAAS 5 KIKAEEEH
Table 1. The correlation orbits and the number of
CSFs of 8S, 5SD and 6SD.

e KIRASEH
KIHIE _
5s1/2 5P3/2
8S 6s, 6p, 7s, 7p, 8s, 8p 4 4

5SD 4f5/2, 4f7/2, 5d3/2, 5(15/27 5f5/2, 5f7/2 1748 7258

Af5 )2, 4f7 /2, 5d3 /2, 5d5,/2,585 2,
5f7/2, 68172, 6P1/2, 6P3/2, 6d3/2, 6d5/2

6SD 4124 17281

£2 Cdt BETHI5s) o, 5ps s AL BET ALK IR
TR

Table 2. The eigenvalues of 5s; /o and 5p3/s, transi-
tion energy and oscillator strength of Cdt calculated

by four models.

551/2/6V 5p3/2/eV AE/eV T HE

Model A —5589.588 —5589.396  5.240 0.72
8S —5589.588 —5589.396  5.240 0.72
5SD —5593.055 —5592.859  5.335 0.58
6SD —5593.063 —5592.867  5.335 0.57
Hphpaig (2] 5.790 0.762
0.46")

NIST [18] 5.779 0.39
s 1191 0.55

E: a) WRBEWMAHNLR, b) N EMAH LR

F2UH T IATUEE 53y 0, 5ps /o HIAEAA
BRIE g LA SR 750 % 1 5 NIST . HoAth 2 6 45 5L A
Fo St ok Rtk 4T 7 EbRe. MR 2 TR ] DLE A LE
B BRITRE IR 9B BEA DA T AR A

1) X T 5510 M AL, Model ARJ4E RS
8S I 45 B A —5589.588 eV, 5SD M i B4k B oKy
—5593.055 €V, 5 Model A {45 BAH LN T 3.467
eV, 6SD 145 3R 5 5SD AH Lb it — 28 sk, H2 Rk
/N 0.008 eV; X T 5pg o MAELE, Model A [#145

R 58S K4t B 1454 —5589.396 eV, #R1M 5SD fit
45 BN —5592.859 eV, 5 Model A 145 £ AH L
/N T 3.463 eV, 65D 45 255 5SD A gk — 25 ik
AN, AESZ HIE/N T 0.008 eV, HHBEIRATTAT AR, 8S
TR b K 5 B A 25 Model A F 3k oF B3k A< AR 7],
Core-Hi KIKALAF AL AR FEAK.

2) X FEKIERE, BT Model A 58S il H 1
5S1/2, Bps o HKIAEE A 725, BT LLIX P A A 2
NERIT et 2 AHF Y, 3578 5.240 eV, B4R 5SD
THEEI 581 /2, 5ps /2 FIAMEMEE Model A A7 B 9%
/N, AR XS T B8y 0, Bpsy2 % H RIARIEAE, Jk)N R FE
FHIA], B 5SD v 5 BR B2 2 Model A {340 1
0.095 eV, 6SD itF 5155y 2, 5ps /2 MIAE(E 5 5SD
FA—5, Fik6SD 1HE KL R 5 5SD AHIF, 3
N5.335 eV, 5 NIST 45 A Lt /)y 0.444 eV.

3) X FHRF 3, T Model A5 8S K i
UL RE A Z AR, Rt Model A 58S it 5
25 B 15°80.72, 5 Bostock 28 1% A 7% F& Core ML
45 J 0.76 FEAR— U, (H R IX PR (1) 15 45
AT S 45 5 09V FINTST 45 5 181 £ 2025 5SD
[ TH 545 58 0.58, 8 Model A 58S (1) 45 1 45 W
BIFN, 6SD [T E S5 R 9 0.57, B5SD 4 R R
J/N T 0.01, Lt Bostock 5% & Core t AL 35 11 45
FINIST 455K 0.12, 0.19. 1H2 5 Xu %% 19 1
SR 25 B 0.55 fF A AER I, 28 EATR, Core-f/ 2%
BN 9 -5 FEE 1 TR L AR

3.2 HTFHHEMAEE

K145 T KA Model A, 8S, 5SD, 6SD %
{140 Rl i YA A AT B N S PR T R B R A I R
R, S5 CHNERE RIS RIER. @
b P A FRATTAS B R A — 2558 B, Model A
)45 5 5 Sharma 25 RDW J7 7 [ 45 77 & 15 L
IF, {HJ& Model A 45 Fize iz K T H A 45 F D
TS B g B, U HAEARBE AL 58 43 (<20 eV),
ZREIA R, Fla, AN BETRERENT eV,
Model A 145 5B &% [& Core Hit AL # ) RCCC J7 v
IS5 R 2.6 1%, 7 = Al 40 (>80 eV), Model
A g Fo T s, (HRE R B4 %2 D H 2 FE Core
WAL I RCCC Jik 45 B K 30%, TRt Ll sk a6
MELERZEDK31%. HHE, BT 8S HIHEA L R £
5 Model A )i R HE AR, 8SHTHE AR Y
Model A 525 RAHLARA K, HR7E(KRERE
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Y (<20 eV), 8S 45 FE L Model A 145
1%—7%, MAEHAMRE R T, 8S 45 R 5 Model A
FHEEZEREA T 1%. HIR, 5SD 45 R 5 Model A
FHECA BORFRAR, JCHAEAR BEAL 4 58 43 (<20 eV).
I 5, 6SD 45 8¢ 58D [ 45 B A i3 — 5 s,
HIBNAK, BN, N HBFREEN T eV I, 6SD
45 & Model A f1)1/3, HEL5SD 45 /N 25%,
52 (& Core t b #5 I RCCC 7 ik 45 BAH L, 6SD
&5 RIG 0 /e WA H B K/ |, #REE
PRI SLIR 25 B TE NS HL TR & 20—80 eV 1
M, 5SD 45 Bt Model A % /b &1 25%, 6SD (1) 45
SR 5SD By 45 R FEARA R 5%, fEIX AR TuHE A,
6SD (1) 45 L S i 45 oK 10%, 25 EE Core 146
AHIRCCC TIEMEER KR, RCCC LML RIEIX
AN B8R VO B T SR I FE A R 7 = BRI
7> (>80 eV), 5SD, 6SD 25 Ri5ia Tk s, —# 1
# JAHE 3%, e Model A 45 /N 20%—25%,
52 (& Core AL 34 (I RCCC J5 VL I 45 5 22 R 18
5%, 5ecue gt Bz AR 7%, W WL Core-Hit
SR lf A A A AT PR s Al ORI B R

/N

2 IR AE Rl P

T T
RCCC with pol.pot,with cascade - - - ]|
RDW by Sharma et al. -----

RM 15 with cascade --—---
B Model A —o— -
Expt. o

i /a.u
(V] [V}
fen) w

5F % b
oF 0 TEEmsE 8
5p 1
0 ’: ! L
10 100
HEE/eV
B1 Cdt BT 5s%Sy /0 — 5p°Pyn T HEM MK

TR G ¥ Be B R R (IR 5125 H (113847 Bostock
& RCCC 2] 7731945 B Zatsarinny 28 R-matrix 771
g 11, Sharma % TRDW J7: 9 45 5 LL X Gomonai
5 O] gy se b ah L)

Fig. 1. The total cross section for the 5s281/2 —
5p2P3/2 calculated by RDW. The results of
RCCC Hand 15-state R-matrix (RM 15) 10 are also
shown for comparison. The experiment are measured

by Gomonai et al %],

%3 CdT BT 55281 oM; = +1/2 — 5p?P3 o My = —3/2, —1/2, +1/2, +3/2 H-F-RE R B 7-#0m
Table 3. The EIE cross sections of magnetic sublevels of Cd+5szsl/2M¢ =+1/2 — 5p2P3/2Mf = -3/2,
—1/2, +1/2, +3/2 calculated by Model A, 5SD, 6SD.

gi/eV My = —-3/2/au. My =—-1/2/a.u. My =+1/2/a.u. My =+3/2/a.u.
Model A 0.490 2.858 14.014 5.394
7 5SD 0.173 1.188 6.138 1.745
6SD 0.029 0.595 3.895 1.083
Model A 0.307 2.653 11.626 6.165
10 5SD 0.168 1.664 8.845 3.664
6SD 0.104 1.419 8.146 3.276
Model A 0.039 1.819 4.635 5.415
30 55D 0.037 1.542 4.069 4.582
6SD 0.037 1.494 3.966 4.437
Model A 3.80[—3] 1.249 2.464 3.746
60 55D 3.98[-3] 1.080 2.131 3.24
6SD 4.00[—3] 1.042 2.049 3.123
Model A 1.22[-3] 0.959 1.718 2.878
100 55D 1.29[-3] 0.832 1.495 2.495
6SD 1.31[-3] 0.790 1.386 2.369
Model A 4.56[—4] 0.759 1.211 2.277
140 58D 4.89[—4] 0.675 1.118 2.026
6SD 4.95[—4] 0.656 1.087 1.967
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#3457 Model A, 5SD Fi16SD = Ffrfsi 74 )
A28 o M; = +1/2 3 2Py o BhRER My = +3/2,
+1/2, —1/2 81 -3/2 11 B 7 Alf 48 ¥ & B, M
R DLEATE H: N H T R R B R
My = +1/2 MR RBIH R K, My = —1/21)
FBE AT 2, My = —3/2 [ fg 28 T B
/N, BEE NS TREE I N, My = —3/2, —1/2,
+1/2 [RERE AT kNS T My = +3/2
{14 T R Ak T T 2 2 S 1 K kN P A ) [R] B i
ENG T RERMIGIN, My = +3/2 I RE S
TR KT My = +1/2 (I RERE AT, BB
U TTER B R  — AN AR G . FRATIE VR R R,
FEAKREFB 73, Core- M RIBLRABIXT My = —3/2 1
Tk e A8k 1T PR B2 Il LR ASOR, W My = —1/2, 4+1/2,
+3/2 I TG R 2 A8 THD 1D 5 MR OK BOME RD. B, Y
NS T REE AT VIS, X T My = —3/2 K
AE 20T Model A 45 5 /2 6SD 11 16.90 fi%, X T
My = —1/2 (HREZARTH, Model A HJ45 R /2 6SD
(17 4.80 fi5, X+ My = +1/2 [ GE A TH, Model
A &5 852 6SD 1 3.60 fif, X T My = +3/2 KA
REZ AT, Model A 45 572 6SD (1) 4.98 fi5; B
NS EL T RE B O N, Core- i 56 BB 250 X6 8 AT
REAH MR m KECH R, WA TREN
60 eV B, XtF My = —3/2 ML AL T, Model
A R4 8L 6SD B9 0.95 1%, AT My = —1/2 B
REZL K IAT, Model A 45572 6SD 1) 1.12 4%, Xf T
My = +1/2 BIHEBE R AH, Model A f45 542 6SD
(1 1.20 5, X F My = +3/2 PR REZLEET, Model
A PSR 6SD 19 1.20 f5; UG HTFRER N 140
eV, XtF My = —3/2 [ RL RS I, Model A
45 2 6SD 1 0.92 4%, X T My = —1/2K)#
REZ T, Model A HI25 572 6SD ¥ 1.16 %, X T
My = +1/2 (T REZARTH, Model A HJ45 R 2 6SD
) L1, 0T Mp=+3/2 LR 211, Model A
[ 45 L 6SD 19 1.13 1.

3.3 Cdt BEF5s2S1/2 —5p?Ps/ REHAT
MR

Bl245H 7 Cdt B 5s2S; )5 — 5p?Py 0 iR
W TR ST TR E AR OE R, AT
RIL: FENS B TFREE /N T 100 eV FIVEE M, 5SD,
6SD HIiH 345 5 5 Model A (IHEH S RAZ R, H

I ZEAEH /N, I HBEATHI 5 45 R 5 Sharma %5
RDW J5 3% 1 45 5 . Bostock £ RCCC J7 2 ) 45 5
FHZEARVN, TR A S a6 45 25 B AR L 35 5 3R AT T
THEER A RS RS AEE I, i -
SIS R R T HEIR SR, H Tl a s HH
N7 FR 5 22 S T, BT DA TS v o B AR 45 R e B AR IR
ZEVO N FENGT TR KT 100 eV TE RN,
Model A [{Jit545 5% 5 58D, 6SD K45 B4t/
P25, EXADN NG HETFREEEE N, fra e
TR RS a LA ZHEE X, I B
gE B R /NFOaem & 25 . wT L, Core-1r RHK
BUBLRT Bp? P30 — 53281 /o IR W S 6 T AL )

0.35 T
Model A ------
0.30 f o
0.25 F\i 6SD ——
""\ RDW by Sharma et al.[6] ==~
0.20 8, RCCC with pol.pot,with cascadel? === ]
015 [ % S .
S )
X 0.10
0.05
O -
—0.05
—0.10

15 30 45 60 75 90 105 120 135 150 165 180
i /eV

B2 Cdt BT 5s2S; /5 — 5p2Py o IRMEEA T AL

FERBAS LT Re AR L R

Fig. 2. The polarization degree of 5p2P3/2 — 55281/2

transition emitted after excitation of Cd*.

4 % #

AR SR A AR G Ve i 7 Tk VR gl 5
TANHHEFREEAT 180 eVIEHE N CdT &7
55281/ — B5p*Py o ML 8 UK AT 5 R W
SETF AL, 3 BiHe T4 -0 RS Core-f %
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Theoretical study on electron-impact excitation cross
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Abstract

The electron-impact excitation (EIE) cross-sections of 5528, /2 = 5p2P; /2 of Cd™ have been calculated by using the
relativistic distorted-wave (RDW) method which we have developed recently. In order to discuss the electronic correlation
effects, four different models are used to describe the target wave functions, namely Model A, 8S, 5SD and 6SD. Model
A is a single configuration model, it includes 5s; /2, 5p1/2 and 5p3/2 only. The 8S is a valence-valence correlation model,
it considers the impacts of 6s, 7s, 8s and 6p, 7p, 8p orbitals on wave function of 5sy,2, 5p3/2, respectively. The 55D
is a core-valence correlation model, it includes all the virtual single and double excitations from the 4s, 4p, 4d, 5s and
5p shells into the unoccupied 4f, 5p, 5d, and 5f shells. The 6SD is also a core-valence correlation model, it includes all
the virtual single and double excitations from the 4s, 4p, 4d, 5s and 5p shells into the unoccupied 4f, 5p, 5d, 5f, 6s, 6p
and 6d shells. The oscillator strength calculated by Model A is 0.72, which is in disagreement with the experiment 0.55
measured by Xu et al., while the results of 6SD 0.57 is in agreement with these of the experiment very well. For the
EIE cross-sections, the core-valence correlation is very important. The results of Model A and 8S are larger than the
experimental results obtained by Gomonai et al., while the results of 5SD and 6SD is obviously smaller than the results
of Model A. In low energy range (<10 eV), the EIE cross-sections of 5SD and 6SD is at least 70% smaller than that of
Model A and it is in good agreement with the experimental results. However, the contributions of correlation effects to
the linear polarization of 5p>Ps /2 = 5528, /2 emission lines after excitation are very small, while the linear polarization
of Model A, 5SD and 6SD are in consistent with each other and also in good agreement with other theories. But for

high energies, the theoretical results have big difference from the experimental results obtained by Goto et al.

Keywords: electron-impact excitation cross sections, polarization, relativistic distorted-wave (RDW)

method, core-valence correlation
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