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Table 1. Branching ratios Rg; and Rjyso for the E1 and M2 decay channels occurring in each hyperfine component
1s2p P2 — 152 1S for both ions Sc19t and 295T179+. The calculated transition probabilities Ay from the different

F-sublevels are also given (a[b] means ax10%).

SC19+ 205T179+
F=3/2 F=5/2 F=7/2 F=9/2 F=11/2 F=3/2 F=5/2
Api/st 0 4.21[8] 7.46]8] 7.20[8] 0 2.11[13] 0
Ay /s~ 1 [22] 4.20[8] 7.48]8] 7.21[8] 0 2.10[13] 0
Rp1 0 0.197 0.305 0.298 0 0.186 0
Rpy (22 0.199 0.306 0.299 0 0.186 0
Raro 0.663 0.532 0.461 0.461 0.662 0.633 0.779
Raa 22 0.663 0.532 0.461 0.465 0.633 0.634 0.779

F2 YA R R R A SclOt B T 152 1S — 1s2p 3Po FE AN [A] i T A S RlE 4 5 B (X O B MH AE & AT
(a[b] = ax10?)

Table 2. Calculated collision strengths for longitudinally-polarized EIE of He-like Sc'?t ions from the ground level
1s2 1S to each magnetic sublevels of the 1s2p 3Ps level (X is the threshold energy unit) (a[b] means a x 10%).

NGthE R
My
1X 1.5 X 2 X 25X 3 X 4 X 5 X

—2 1.70[—8] 2.91[—9] 2.84[—9] 2.62[—9] 2.37[-9) 2.01[—9) 1.70[—9)
-1 7.73[—5) 3.65]—5] 2.33[—5) 1.65[—5] 1.23[-5] 1.15[-5] 5.90[—6]
0 5.41[—4] 2.87[—4] 1.71[—4] 1.11[—4] 7.70[—5] 4.67]-5] 2.59[—5]
1 7.86[—4] 4.30[—4] 2.56[—4] 1.66[—4] 1.15[—4] 6.23[—5] 3.88[—5]
2 2.76 [—4] 1.43[—4] 9.16[—5] 6.50[—5] 4.88[5] 3.45[5] 2.35]—5]

3 PR T RO R A 29T BT 1s2 1Sg — 1s2p SPo 15N A WA T B JAlE 1 50 (X Ay 90 1 B &2 B0 )
(a[b] = a x 10°)

Table 3. Calculated collision strengths for longitudinally-polarized EIE of He-like 2°°T179F ions from the ground
level 1s? 1S to each magnetic sublevels of the 1s2p 3P3 level (X is the threshold energy unit) (a[b] means a x 10°).

PN N
My
1.3 X 1.5 X 2X 2.5 X 3X 4 X 5 X

-2 3.50[—8] 2.65[—8 2.28[—8§] 1.74[-8] 1.52[—8] 1.33[-8] 1.10[-8]
-1 4.19[—6] 2.88[—6] 2.02[—6] 1.46[—6] 9.69[—7] 6.42[—7] 4.32[-7]
0 1.82[—5] 1.51[—5] 8.40[—6] 5.31[—6] 3.95[—6] 1.92[—6] 1.15[—6]
1 2.67[—5] 2.22[—5] 1.24]-5] 7.81[—6] 5.05[—6] 2.84[—6] 1.70[—6]
2 1.25[-5] 8.32[—6)] 6.09[—6] 4.35[—6] 2.54[—6] 1.97[—6] 1.35[—6]

FIF R 2K S, BATE— DK HE 7 HER /N BEAR, IR — M E FASFEE A9 Mp fe gt
| M| b RO RIE 8 5 B 4 Ab BB RS AN RE 4 | M| 1, ¥ 2 B AR B RIE B 5 B R — R i, xR
b1 10 45 5 43 B B AE 3R 4 R 3R 5 (X I (A R SclOT B F AL M K IR, MBI EF = 11/2,
A, AR, EARRRERE LT, A Mp = 11/2,7/2,5/2,3/2 fit 2% ) Rl 388 55 & 8¢ K,
AWK B RS 4 B P Mg (158 B I A A H], B TrﬁMF: —11/2 FRREREE SR E N 0. X T A E
R E IO, R A0 B8 g Mp 1) 9 I8 T 0% = 9/2, Mp = 9/2,7/2,5/2 A% 2% )Rt 1 55 7 5
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R, Mp = —7/2 Be RIIREHE 58 B2 e /. X BEH, Ak [, TMAE Mp BN RES R o5 PE AR . R A
RO RE T, AL BT AR A e = X L THTETT RS BT I ORI T AT RS,
(A SR 1 DU ASAR R, W] DUARERL, X F 45 5E 1) A1 20 SHE T A RREH R

B E, QAR TS S8R Mp BORE LA BES

*4 HR2BM, HENT Mp @BREAHREH
Table 4. The same as in table 2, but for the different Mg of hyperfine sublevels.

=R

I Mp HE B
1X 1.5 X 2X 25X 3X 4X 5X

Mp =11/2 3.45[—5]  1.78[—5] 1.14[-5] 8.12[-6] 6.09[—6] 4.31[—6] 2.93[—6]
Mp =9/2 5.77[-5] 3.09]-5] 1.89[-5] 1.27[-5] 9.12[-6] 5.58[—6] 3.63[—6]
Mp =7/2 7.06[-5] 3.81[-5] 2.30[-5] 1.52[-5] 1.07[-5] 6.25[—6] 3.94[—6]
Mp =5/2 7.48[—5]  4.04[-5] 2.42[-5] 1.59[-5] 1.11[-5] 6.40[—6] 3.93[—6]
Mp =3/2 7.20[-5] 3.87[-5] 2.32[-5] 1.51[-5] 1.06[-5] 6.11[—6] 3.66[—6]

F=11/2 Mp=1/2 6.39]—5] 3.42[-5] 2.04[-5] 1.33[-5] 9.30[—6] 5.47[—6] 3.21[—6]
Mp =-1/2 5.18[—5] 2.76[—5] 1.65[—5] 1.08[—5] 7.53[—6] 4.55[—6]  2.60[—6]
Mp =-3/2 3.84[-5] 2.02[-5] 1.21]-5] 7.95[—6] 5.57[—6] 3.51[—6] 1.97[—6]
Mp =—-5/2 2.45[—-5]  1.27[-5] 7.69]—6] 5.08[—6] 3.58[—6] 2.41[—6] 1.32[—6]
Mp =-7/2 1.23[-5] 6.23[—6] 3.81[—-6] 2.56]—6] 1.83[—6] 1.37[—6] T7.29[—7]
Mp =-9/2 3.51[—-6] 1.66[]—6] 1.06[—6] 7.48[—7] 5.60[—7] 5.23[-7] 2.68[—7]
Mp =-11/2 0 0 0 0 0 0 0
Mp =9/2 7.51[-5 4.07[-5] 2.45[-5] 1.62]-5] 1.14[-5 6.52[—6 4.15[—6]
Mp =7/2 5.44[-5 2.87[-5] 1.75[-5] 1.17[-5] 8.35[—6 5.28[—6 3.23[-6]
Mp =5/2 4.34[—5 2.27[-5] 1.39[-5] 9.37[-6] 6.73[—6 4.44|—-6 2.70[—6]
Mp =3/2 4.01[-5 2.11[-5] 1.29[-5] 8.69—6] 6.23[—6 4.02[—-6 2.47]—6]

F=9/2 Mp =1/2 4.12[-5 2.20[-5] 1.33[-5] 8.88[—6] 6.30[—6 3.86|—6 2.39[—6]
Mp =-1/2 4.38[—5 2.36]—5] 1.42[—5] 9.34[-6] 6.56][—6 3.84[—6 2.36[—6]
Mp =-3/2 4.49[-5 2.42[-5] 1.45[-5] 9.45[—6] 6.59[—6 3.78[—6 2.27[—6]
Mp =-5/2 4.13[-5 2.21[-5] 1.32[-5] 8.57[—6] 5.95[—6 3.46|—6 2.00[—6]
Mp =-7/2 2.96[—5 1.56[—-5] 9.32[—6] 6.07[—6] 4.22[—6 2.61[—6 1.44[—6]
Mp =-9/2 6.15[—6 2.90[-6] 1.85[—6] 1.31[—6] 9.81[-7 9.15[—7 4.70[=7]
Mp =-7/2 3.54[-5 1.85[—-5] 1.11[-5] 7.29]—-6] 5.11[—6 3.30[—6 1.80[—6]
Mp =—-5/2 4.29[—5 2.32[-5] 1.39[-5] 9.06[-6] 6.32[—6 3.61]—6 2.19[—6]
Mp = -3/2 4.13[-5 2.22[-5] 1.34[-5] 8.79]-6] 6.18[—6 3.59[—6 2.22[—6]
Mp =-1/2 3.53[-5 1.87[-5] 1.14[-5] 7.60[—6] 5.40[—6 3.36|—6 2.07[—6]

] ] ]
] [—6] [—6]
] (6] (6]
] [—6] (6]
] [—6] [—6]
] (6] (6]
] [—6] (6]
] [—6] (6]
] [—6] (6]
] [=7] [=7]
] [—6] [—6]
] (6] (6]
] (6] (6]
] [—6] [—6]
F=7/2 Mp=1/2 3.02[-5] 1.58[-5] 9.72[-6] 6.59[—6] 4.76[—6] 3.17[-6] 1.96[—6]
] [—6] (6]
] [—6] (6]
] [-3] (6]
] [—6] (6]
] [—6] (6]
] [—6] (6]
] (6] (6]
] [—6] (6]
] [—6] (6]
] [—6] (6]
] (6] (6]
] [—6] (6]
] [—6] (6]

Mp =3/2 3.13[-5]  1.64[-5] 1.01[—5] 6.89[—6] 4.99[—6] 3.32[—6] 2.08]—6]
Mp =5/2 4.43[—5] 2.36]—5] 1.44[-5] 9.60[—6] 6.84]—6] 4.24[-6] 2.64[—6]
Mp =17/2 7.55[—5]  4.06[—5] 2.43[—5] 1.59[—5] 1.11[—5] 6.41]—6] 3.84]—6]
Mp =-3/2  555—5] 296[—5] 181[-5] 1.21]-5] 8.63[—6] 5.30[—6] 3.35[—6]
Mp=—1/2  545—5] 292[-5] 1.76[-5] 1.16]—5] 8.16]—6] 4.90[—6] 2.97[—6]
F=3/2 Mp=1/2 3.95[-5] 2.10[-5] 1.26[—5] 8.29[—6] 5.82[—6] 3.55—6] 2.08]—6]
Mp =3/2 1.85[—5] 9.75[—6] 5.87[—6] 3.87[—6] 2.73[—6] 1.75[—6]  9.92[—7]
Mp =-5/2  6.80[—5] 3.66[—5] 2.18]—5] 1.42[—5] 9.89[—6] 5.68/—6] 3.37[—6]
Mp=-3/2  3.00—5] 156[—5] 9.61[—6] 6.52—6] 4.71[—6] 3.20[—6] 1.94[—6]
Mp=—1/2  244[-5] 127[-5] 7.93[—6] 5.45—6] 3.99[—6] 2.70[—6] 1.73[—6]
F=5/2 Mp=1/2 3.54[-5]  1.90[-5] 1.15[—5] 7.71[—6] 5.49[—6] 3.32[—6] 2.11[—6)
Mp = 3/2 4.82[-5]  2.59[-5] 1.56[—5] 1.02[-5] 7.16[—6] 4.17[—6]  2.54[—6]
Mp =5/2 4.74[-5]  2.51[=5] 1.51[-5] 9.90[—6] 6.94[—6] 4.28[—6]  2.47[—6]
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Table 5. The same as in table 3, but for the different M of hyperfine sublevels.

*5 LHR3EM, EEXNT Mp BAEN6ES

[
Mp
1.3 X 1.5 X 2 X 2.5 X 3X 4 X 5 X
Mp=-3/2  425[-7]  295[-7]  2.11]-7]  153[-7]  1.03[-7]  6.95[-8]  4.76[—8]
Mp=-1/2  491[-6]  3.88[-6]  2.29-6]  151[-6]  1.08-6]  577[-7]  3.62[-7]
Mp =1/2 1.17[-5]  9.66]—6]  5.39[—6]  3.41[—6]  2.31[-6]  1.24[-6]  T7.41[-7]
Mp=3/2  501[-6]  5.53—6]  4.37[-6]  2.97[-6]  1.82[-6]  1.32[-6]  8.61[—7]

3.2 BFEMEEHNIN T RIR LS

Koz th 7 A B AL TRl 2R 2SO B
T(EBERI = 7/2, F; = 7/2)1E1s2p *PoF; —
1s? 1So Fy 2 A2 v A [R] B8 K 41 g 20 3R B 3 A 4
SOt T B ARAL BN BE B AR R, N
TAEF L, RoP AR T Inal 25 PO 2 S
iR AWUER, AREMMERFHS BT
G B A B2 JF AN AR IR, [ I 2% 58 K 40 B8 2% F 419>
ERR A AR R MR —FE DT B N S RE
320 Ry Wl, REF = 3/2 - F, = 7/2M
Fr = 11/2 — F; = 7/209%% 5 %45 35 DL DY
W M2ERIE 5 2, BT 8 B AL Z P2y ol
0.1489 F10.3872, 1fi Fy = 5/2,7/2,9/2 — F; = 7/2

{10 % S 3 AR o B R 9 2 1 DY AR M2 8RO R B A
W2 AR E1BRIE, H B1ERIE 598K 2 40 X
K, THE RV B M2 BRIE R A% Ak B P 4 R
0.1063, 0.1308 #10.2797. X, Sttt A &E 5, Al
ISR B S RA ST B (AT = 7/2)
T 152p3Py — 182 1S BRIL 58 i 3 AR 1ok #%2 o A 48 Fir
SRR E P = 0.243, X LT A5 4045
K ZE IR L 182p 3Py — 1% 1So W VUM M2 BRI 58 5}
TR E P = 0.891 (3 2iH553]), 8
s 20 45 R S AT AR 2R IR B AL FE IR D 1 3 72%, B
HARE SR E RN, X LeLE 5 Inal 25 PO R
IR RS R AT AEE . deAk, B
F B AR AR AR M2 (REVURR) BRAT 2 4, RS 4
S R B BRI R A, HAAE

L ML S

F6 EREAGHEIR LR SclOt B 1s2p 3PoFy — 182 1SoFy MIEMRALEE (%)
Table 6. The circular polarization (%) of the 1s2p 3Py F; — 1s? 1Sy F hyperfine-induced transition for He-like

Sc!9% ions following longitudinally polarized EIE process.

A BRIERA F=3/2 F=5/2 F=1/2 F=9/2 F=11/2 oJ=E
E1+M2 14.89 —6.68 16.98 21.75 38.72 20.9

E1+M2 [20] 15.10 —6.30 17.30 22.10 38.50 21.3

1X M2 14.89 10.63 13.08 27.97 38.72 24.3
M2 [20] 15.10 10.90 13.50 28.60 38.50 24.8

E1 3.06 3.92 31.38 16.5

E1120] 2.60 4.00 31.90 15.5

2 X E1+M2 15.24 —6.15 16.92 22.12 38.58 21.1
M2 15.24 10.82 13.30 28.42 38.58 24.1

E1 3.13 4.01 32.11 16.8

E1+M2 15.71 —5.46 15.55 22.08 38.73 21.0

3X M2 15.71 9.85 12.48 27.47 38.73 24.0
E1 3.20 4.09 33.08 17.4
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WELBRIE S A B R X, & EENELE
Bz —. i, WFFE =5/2 - F = 7/2/
Fr =7/2 » F; = 720KE 12, @45 S
(1 FL A A E1 BRI D61 1) 1) T AR A BE 43 53l 4 0.0306
F10.0392. 29 bk UL BRIT ML T 1 3% A Aq. T
WY F =9/2 - F = 720 E1ERE, BN
73 AR B BRIE 6 1 1 R AR AL IS B T
0.3138, I T 1ZZHEVU B M2 BRIE B i B AR
1FE 0.2797. FEILJE I, &2 4% B ERR T k404
HE R Ea s, %S T PO .

3.3 TSR ER L ERIF AT

AR ART — i BRI MR B BRI R R 1% I
AR R BIRE Z B2 RAEET T A
TR R 41 45 2 Ik b B1-M2 95 808 %
Wt TR, RAAERCTHSEE T
Fy = 5/2,7/2,9/2 4 55 175 515 R4 ) &5 2R DA
MG RE JE SR, FEHLEL, RN 45 T Inal
2 2OV S 45 R AT DA B, U R iR
b BT DI BRIME A B 320 Ry NS, it-F g 4mal
4y Fr=5/2 — F, = 7/2 Z [HKELFE, E1-M2
8 20K A 5 AR VUK A S 6 1 [ AR A6 H 0.1063
AN —0.0668, Wi/ T 40%, [F SECT /5 kA
FHR B O, EAA BRI LR B8, SR, 0T
FBREMM Y Fr=7/2 —» F, = 7/2 ZIAIMERE, El-
M2 T RN AE A5 15 AR AL BE A 0.1308 22 24 0.1698,
WK T3 23%. Pk, AER H, 35 0D
M2 KT 8 8 AN p R A A 45 44 5 5 1 AR R 1R
L (8] ) & T U RN R R B K A e
A TE AR AL B X — B R 5 1 Surzhykov
5 U 0 S TR R AL R T R R A T
182pg 0 PPg — 1% 1Sg BRITARH KA. st 3K
TR, E1-M2 35 8080 9N ) A Ak L 1) e =
FABUR. Flhn, 7E1T 3 45 BE RE RN, T RN Af
BRI Fr = 5/2 — Fy = 7/2 Z AR 4R
6T TR AR 1K FE ML 0.0985 45 A —0.0546, I/ T
1T 43%, TSR AE D Fr=7/2 — F, = 7/2
2 TA) B 3 ' 7 R 1B A 4K FE ML 0.1248 48 24 0.1555,
HR T3 20%. X EETTERIK K /N5 T A NS g &
320 Ry 150 FIEAAHE. Bkl W, T80 S8
T AR A PR T s B9 555 4 TR o PR R 2R AR AN
VIR MENE. 51 —J7H, /LR, %8s
Y 25 16 %5 20 43 S VT B IS A e AR A R A 2R R

ST ETF (HRI =17/2, Fy = 7/2)1E 1s2p 3Py
Fr — 152 'Sy Fy iR 45 5 5 Inal 25 20 g3+ 52
SR AR I

3.4 Breit HE{E R R E I

N T I I M s B RS A 2 ik E1-M2 &
TV RSN AR R B R X RO T R AR R
VR, B2 T N ) A Ak R OR SRR
205)79F BEF 1s2p 3Py — 1s? 1S 12 A HE S 41 75
S F=3/2 > F, = 121 B¥RBEN TR
WACFERE NS T REE B R R. B, NB&
AL RO HF e A ELAE P B B AR R T SR A R,
B R4 A R Breit AH B AE IR AR T 16 115
i 1 (a) AT, fESE AR B1EREE LT,
HHEMBEFIF = 3/2 —» F, = 1/2i B8R iE 4
KT EABRIIBENARE, HEEH NS BT REER
B RARFEARAS ) X SR IRAE 5 Inal 25 POV ZE RS 4 25 74
JZ IR EXF A Fe?4t B 1s2p 3Py — 1s? 1Sq R4 Y
W M2 250 5T A3 B 4518 JE 5 ARl 7EARATT B 72

1.0
| (a)
20579+ F— -
gl ETIPT F=3/2 —1/2
=}
S | ==
S _
[}
N
‘5 0.6
g
Q
o
—
< 0.4r
g
5 — NB E1+M2(])
0.2+ - - NB E1
- .- NB M2
NB E1+ M2(NI)

0 1 1 1 1 1
1.4 1.6 1.8 2.0 2.2 2.4 2.6

Incident electron energy X

1.0 ; . T
L (b) 205py79+ P32 12 ]
0sl — B E1+M2(1)
- - -BEl g
2 I ---B M2 |
g o6f B E1+ M2(NI)
Z i
g [ TTm s m -
S 0.4fF - ==
-
8
B o2k T il
=
S
0O+
—0.2 1 1 1 1 1
1.4 1.6 1.8 2.0 2.2 2.4 2.6

Incident electron energy X
1 E1-M2 BT RNHEBUR R S X 4ot 11
ARFIE IR
Fig. 1. Influence of E1-M2 quantum interference on

the polarization of the X-ray photoemission.
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HIZ LRI T F e AR AL, B AR 7 A 4k F
TR R, E1-M2T 3 N A8 158k 41 7% 5 10
Fr = 3/2 —» F, = 1/2iB A5 56T 10 B 4k
FEW/N B 0.3 /2 47, AHE T 2 FL AR AR B1RKOE 3 A%
0.7 98 /b 1 3 55%, AHXT T 4fifg DU Al M2 BRiE
[ WAL 0.5 /N T3 40%. ek, N T 1EAL E1-
M2 2 AT oTEk, - 1R RATES BT A
ZRETWIEL-M2 40 BCE J5 i 45 31, L
WAk B il 28 4b T4l 1 BRIE R4 M2 BRIT 2 1) N
0.53. AMEF H, E1-M2 T %508 S 8= b AL B
(98 /IR KRR FBE _E AR T E1-M2 2 8] (3 A
HAEM. FL b, PR A m A A BT
BRI HE IR ) i R AR R, RV
B 7 EFE T E R ECHE R AR IR, b2
A F F T 1) ) R A B AR RH B 3R AR BTk, A
T R T Breit AH LA 280 R 7E B8 A 41 2 Ik E xR
WOR 58 B X 2R 7 WA R M S, FRATTE BR
IEAEFE SR INN T Breit M EAE R HE R, HiHE T
Wl R Sl 48 i HEAT T AL L. 1 (b) A
H T 2% 1 Breit AH ILAEH J5, 9\ A AL H 7 filf 48
RIZ2OTIOT BF 1s2p 3Py — 1s% 1S ARl
K S Fy = 3/2 —» F; = 1/2BBREH O
T HFERAERENG BT REER TR R 46
Bl 1 (a) AT BAAE Y, X B R TE S0 DL T ARG Ok
T A0 B N S L T R IR G o CAAR AL T SRR
8k /N, Breit A1 HLAE FH A8 15 AN 7] 288 B BRIE X B 1
] W A% P 7E H AT REIX A R ek /)N, 5] 7 4 ol T
{14 222 531 il o A A P R 110 8 o 2 75 7 ok e B I
5 21, 7E AR B 3T, Breit A HAF FH 2500 A8 1540 By
A% B1BRIT B R AR A6 FE 0.7 980/ 31 0.5, fdi 134l
T VY #le M2 BRIE 8 3 A 4k 0.48 93 /b 1 0.22. 55
— J5 T, Breit AH FAF 280N % 2 B85 08 5 1)
gAY mE R, 15 RS SN
Fr =3/2 — F; = 1/2iB 8RR FRIRM AL E
M 0.3 325/ 3 0.1, XA I RS 7E 5
REHL T 5/ Z B 1 B J8 38k ik R A 5T, Breit
FHEAEF 0 F LA e

4 % #®

| FH FH X i 2 4H 7 Dirac-Fock J7 122 1 5% &
PR IR, RGHETT TR A0 25 0 RN % B B
KAWL TR REREm. & T Hm

WAk B 7 RlE 8 30 R 28 & SOt AN 205 TN 7O+ B 1A
1s2 1Sy — 1s2p 3Py i 2 oK 40 25 14 |2 ¥k b 1 Al
o S5, b A B RS 4E S5 2 IR B Mg
WET R AT R G DL, BRI T A [F) 8 R 4l e 4 2
TF1) 2588 S 30 A 3ok R R TR AR AR S T ) B A AR 1
A B 18 T MRS 41 5 S RIS M DTk, i T B
M2 &7 85 2% N A Breit AH B A FH 2508 X A
5 5 RT3 A I R O O T R A R PR T
AL WK I RS A 45 A RN, F1-M2 &
T RS LA Breit A B AE RN ¥ B A R
() 25 WAk 1 L, B 2 R b 3 ok 5 56 %6 7 i AR 1k
FE. N, i REREENS BT, S
PRSI E SO B T 7E 1s2p3 Py — 182 1S,
Tl VU A RO A o 3 A 3ok 2 o BT A A R O T I R
WAL BE /D T 72%.  E1-M2 T 28 Ad 45 2%
205179+ B F-1E 1s2p Py — 1s? 1So il FE A T 10
Fy =3/2 — F; = 1/2 B FE T R
FERE T 2l 0 DU A% BR80T 31 40%.  Breit AH HAR
RS 4325 205179 B 14 1s2p 3Py — 1s% 1S
BREMIE SR Fr = 3/2 — F, = 1/2 B R B
T BTG B A 55 R 6 T SR DU A B 98 T3 50%.
AV BREE X SR AR AW 2%, 1
S5 I = I PV B AK OB e E— D TE B A7 A B EBIT 2%
B AR EESE.
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Abstract

During the last decades, the electron impact excitation (EIE) process has aroused much interest in various research
areas. This process is crucial to the diagnoses of astrophysical and laboratory plasmas. Moreover, the EIE studies play
an important role in understanding the quantum electrodynamic, many-electron, and hyperfine interaction effects in
heavy atomic systems. As is well known, when ions are excited by collisions with a unidirectional beam of electrons,
the magnetic sublevels of the excited state may be populated with nonstatistical probability. In the decay of the excited
state, the emitted radiation is found to be anisotropic and polarized. From the analysis of the polarization, valuable
information can be obtained. These properties have become indispensable tools for the diagnosis of plasma state and
the analysis of complex spectrum formation mechanism. Up to now, however, most of studies have dealt with the
linear polarization of X-ray radiation. Fewer publications have reported the circular polarization. Moreover, theoretical
studies of the characteristic X-ray emission have just dealt with ions having zero nuclear spin, or have simply omitted
all contributions that arise from such a spin. It is known that some kinds of ions each have a nuclear spin I # 0. Owing
to the hyperfine coupling, new decay channel will be open, namely, hyperfine-induced transition. It is thus important to
analyze how the hyperfine interaction affects the polarization properties of X-ray radiation.

In this study, we present a systematically theoretical analysis of the polarization and angular distribution of X-ray
radiation during the hyperfine-induced transition. The calculations are performed by using a fully relativistic distorted-
wave method. Special attention is paid to the studies of angular correlations and polarization properties of the 1s2p
3Py Fy = 3/2 — 1s®> 'S Fr = 1/2 decay for highly charged He-like Sc*®T and 2°*T17°F jons with nuclear spin I = 1/2
following impact excitation by a completely longitudinally-polarized electron beam. Two effects, i.e.the BI and the
mutipole mixing between the leading M2 decay and hyperfine-induced E1 decay, on the polarization of the emitted
radiation are discussed. Our results show that both the BI and the E1-M2 interference effects may significantly affect
the polarization and angular emission pattern of the transition line. For example, the BI and the E1-M2 mixing lead

205179+ jons, respectively. With the development of the

the circular polarization to increase by about 50% and 40% for
X-ray detectors, the measurement on the polarization during the hyperfine-induced transition becomes feasible. We hope
that the present results would be useful in resolving some disagreement between the theories and experiments relating

to the polarization properties of the X-ray radiation.
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