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Table 1. Values of critical scaled screening lengths 4y, .

nlj
for Co+, A1+ and W™+ ions for n < 3.

n S1/2 P1/2 P3/2 d:s/2 d5/2
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W7+ 29810 4.2398  4.4945
Cst 71681
3 Al 71573 8.8570 8.8680 10.9425 10.9460
W™t 6.6887 8.3325 8.7293 10.7822 10.8983

8.8690 8.8714 10.9464 10.9472

3.2 tHEEHm

B 1AM T O3 Al J WS BT8R
18y /o HOAREE Y EOL HL 28 T REAR B IO L T AE
MR R R, BBAEERIT 1s; p—epy o Ml sy p—
€pyo DTHR I S5 AT B TS A5 2R IR 1 AT LU
HE B R B R R LS, X 7 R b T
P A A ZE I BE X Bk h B T LR 25 M, L S
EBFHEIE DA L R T LR JF 5, o, A1+
F W7 B PR Z5 0 A B B A B AN ]
I35 R 6= 4.53, 4.54, 8.85, 8.86, 6= 4.53, 8.85,
8.86 15 = 4.23, 8.33, XJ L3R 1 A LUK B, X LLhR
JE Bt BE SN T XS 3Dy 0, 370 K 2Dy 2, 379
25 I bR B R B . R LR 45+ B $4E St
I, VT HREE GRS BEWS /N T XN AR (3py o, 509
B 2Dy )9, 50 &) W FAERE, 1 > 0 A REH

083201-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 8 (2024) 083201

TP L 22 1909, RSB SR A S P T,
FERE R ) 3 3 IR RS (epy s, 910 A5) MR
0 1B R HK, SRR (1) OB
HEIE TG UL AT K, AT PR AR ) 0.

104 — No screening (a) | 423
g (a) 4
101 . — 4.54
= 8.33
107 / — 8.85
o : : : : — 8.86
510 (b)
QN 101 M
5 10-2 =~
£ 10 /
104 ()
10! /\\
10-2

10-¢ 10> 10-* 10-3% 10-2 107! 100
Photon electron energy/Z?/a.u.

1 (a) C°F, (b) Al FlI (c) WP+ B FHIZH 1sy o FIE
i BE G v, B T BE AR BE O OE HL T RE B Y AL R, AR B
04 T 28 36T 17 AN [] ) A JBE o i I JBE

Fig. 1. Behavior of the total 1s,), scaled photoionization
cross sections of (a) C>*, (b) Al'?>* and (c) W™* ion as a
function of scaled photoelectron energy. The colors of the

lines are for different scaled screening lengths.
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Fig. 2. Behavior of scaled partial (a) 1s,/5€py /2, (b) 1815~
€p3/ and (c) total 1s; /, photoionization cross sections of W7+
ion as a function of scaled photoelectron energy. The colors

of the lines are for different scaled screening lengths.

s B ) G HE 5 A T R BR 3T Isi5¢€p1 2, 1syya—
€p3/2 DT IR AN 2 BERR B A FL - gt Y 2 A6 5%
2. E 2(a), (b) 3 HFE 5= 4.0, 4.1, 4.2, 4.23 B
§ <85, Fo=4.0,4.1,4.2,4.23,4.3, 4.4, 4.49 Il
& < 85,  IFAFAEIERIG, B DRI S
AR TR E IS AR, IR H, 645 65, )
05y, , M0 22 S MK, IR Gty e /1N, A R E
XTI GH FRetikim. R, 1 HA CoF 3 Al
PR W B30 b AR B2 't H 25 8T v s B3
PRESHE PRI /N | 5 B L 1 22 S S e Ak
K, IERH T3 1 R WRS AR S5 14 5% 2060 I (11 5
{10 22 S BEAZ HL AT 8 Z 38 O 36, RIAR X 18
AN 1Y) 22 S 3 J T AN [R]85 - AR A5 A 1 22 5.

el 3 AN 4 o5l e e o5, Anas, B RY
PREEFRMCAS B, 2ath 1 CF, Al Hl WP+ 4]
RS 28 WO BE YOI HE T 48 AT BE AR R B DG HY
THRERM MR R, B JEERIT 25, p—ep o M
251 )9 €D3 2 SUBKAY MRS NS Y252 X LA 3
R LATIE M, 6 = 8.33 Mg/ 65, (W™),
5 85, (W), a5, (AI2H) 0 510, (C7) I
ZRKR, FEE 3(c) R AU RS, H A1t
P22 SR I50R, 5 2 NSRRI A5 R4 A L B A0
FIEL 3(a), (b) o COHFT A1 HEAREEFAELL. 6=
8.72 W Mg /N T 65, (WHHHK T 65, (W), 78
&l 3(c) Bl T — Bty RIE, JF H 5K 3(a),
(b) HAYIIRIEG R K 2ZER. 6 > 885 AR T

10° N ng (a)] — 533
—_— O screenin, a :
, & — 872
10 —8.85
. 8.86
10 —— 8.87
T = . , , , o
=
15 102 %Lv%
& 101
N g ; . . .
(c)
102
10-1F
F

10-6 10-° 104 103 10-2 101
Photon electron energy/Z?/a.u.

3 (a) C°F, (b) AL2F T (c) WP B FHIA N 25,0 H R
N N E AT R R P R i e DR P N N i
0 T A ) B B A o A A JEE

Fig. 3. Behavior of the total 2s;/, scaled photoionization
cross sections of (a) C°F, (b) Al'?" and (c) W™ ion as a
function of scaled photoelectron energy. The colors of the

lines are for different scaled screening lengths.
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Fig. 4. Behavior of the total 2s;), scaled photoionization
cross sections of (a) C°*, (b) Al'** and (c) W™* ion as a
function of scaled photoelectron energy. The colors of the
lines are for different scaled screening lengths.
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Fig. 5. Behavior of partial (a) 2s,—ep;;, and (b) 2sy/5—
€p3,, scaled photoionization cross sections of W™ ion as a
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lines are for different scaled screening lengths.
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Abstract

In this study, the photoionization cross sections of C°* Al'?* and W™* ions in a Debye plasma
environment are calculated in the dipole approximation. The main emphasis is placed on investigating the
influence of relativistic effects on shape resonances, Cooper minima, and virtual state effects. The relativistic
effects lead to fine-structure splittings, allowing the appearance of double-shape resonance peaks in the total
cross-section. Because the width and energy position of resonance peak are affected by the near critical
screening length, the increase of nuclear charge 7 leads to the significant differences in the size, width, and
position of the double-shape resonance peak. The energy position of Cooper minimum in the photoelectrons is
related to the critical screening length corresponding to the final continuum state. Unlike the deeper minima
observed in the total photoionization cross-sections for C3* and Al'?* ions, for the higher nuclear charge of W™+
ions, the significant fine-structure splitting arising from relativistic effects results in substantial differences in
the positions of the Cooper minima in the partial cross-sections. Therefore, when superimposed on the total
cross section, these minima appear shallower. The W™* ion has a higher nuclear charge, and the screening
length related to the virtual state effect is completely different from that of C°* ion and Al'?* ion. Moreover, for
the same screening length, there is a significant difference in the virtual state enhancement amplitude between C**

ion and Al'?* ion in the low energy region .
Keywords: photoionization, relativistic effect, shape resonance, Cooper minima
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