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Fig. 1. Schematic diagram of the COLTRIMS apparatus at 150 kV high voltage platform in Fudan University.
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Fig. 2. One-dimensional position spectrum of the recoil ion
of double electrons capture in the 12.0 keV/u Ar®* collision
with He. The black dots represent the measured experi-
mental data, and the red solid line represents the Gaussian

fitting curve.
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Fig. 3. Measured @) spectra between Ar®* and He. The black dots represent the measured experimental data. The blue dashed lines

and red solid lines represent the Gaussian curve fitting and the sum of the Gaussian fitting results, respectively.
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# 1 Ar®5 He BURTREREY n A 153 HRAY i 7 2B BEATDOT T (455 O ER2E(E (%))

Table 1.  Measured relative state-selective cross sections for DEC in collisions of Ar®* with He (Error value (%) in
parentheses).
Energy/(keV-u) 't
3p7l 3s101 3s61 3pdp 3sds 3s3d 3p? 3s3p
14 35.4(3.8) 26.4(2.9) 22.8(2.5) 9.1(1.2) 3.9(0.6)
2.2 32.0(3.4) 22.5(2.4) 24.2(2.6) 11.9(1.4) 7.4(0.9)
3.0 24.5(2.6) 21.5(2.3) 26.6(2.9) 15.9(1.7) 9.1(1.0) 0.6(0.4) 0.3(0.0)
4.0 19.3(2.3) 20.6(2.5) 27.0(3.0) 17.0(1.8) 12.1(1.3) 1.1(0.2) 0.4(0.2)
5.2 17.6(1.9)  19.7(2.1)  26.7(29)  17.3(1.9)  14.6(1.6)  22(04)  0.5(0.3)
6.4 17.4(1.9) 18.8(2.0) 24.5(2.6) 16.9(1.8) 16.9(1.8) 3.3(0.7) 0.8(0.6) 0.2(0.2)
8.0 171(1.8)  18.6(2.0)  22.0(24)  16.0(1.7)  18.8(20)  4.7(0.6)  1.3(0.5)  0.4(0.3)
10.0 15.2(1.7) 18.1(2.0) 19.1(2.1) 17.6(1.9) 19.4(2.1) 6.8(1.0) 2.2(0.7) 0.7(0.5)
12.0 14.6(1.6)  17.1(2.0)  16.4(1.8)  19.1(2.1)  202(21)  7.8(1.0)  2.7(0.6)  1.1(0.3)
14.4 12.0(1.4) 16.0(1.8) 16.7(1.8) 21.8(2.4) 19.3(2.1) 9.1(1.1) 2.2(0.7) 1.8(0.5)
17.0 10.6(1.2)  151(L7)  16.8(1.8)  24.2(2.6)  188(21)  89(1.2)  1.6(0.5)  2.9(0.5)
20.0 11.3(1.3) 16.6(1.9) 15.6(1.9) 28.7(3.5) 15.1(2.0) 8.6(1.4) 1.3(0.9) 2.3(0.5)
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Fig. 4. Dependence of cross section of double electron cap-
ture into doubly excited states on collision energy in Ar®*
collision with He. The gray squares, blue triangles and red
triangles are the experimentally measured results (The sol-
id lines are used to guide the eyes), and the dashed lines are
the calculated results of Zhang et al.?3.

3131 F1 3141' (3pdp, 3sds Fil 3s3d) A5 M 5 Lb Bl
R 3G BT K. —Jr T, S AR A R T
AN TR 25 B AT X 5 2 B LA OB . R
phaelian 5§ ¥ 7 Ne®* 5 He Jii - filf 48 1Y) XL %
LI RIT RS, R R T
AAT R 1) A2 2 B X R 4 1) SRR

o3 — 7 T, IR BE Al B A5 O R SR S 3snl
(n=6) WX FARAR AR 3 Ty, Bl i A
TR, R A TR, 1 3131, 3141 3%
RS TTIR B EH R, X —F B3 Zhang 5 B
MBI LS AR, 148 e AR e A N
IR (B T 3s5I AR T ArS+) 58 — H B [
1H) BT B o8 4 b 3 by, X —
P WY Fiti o flf 438 0 P88 P48 K, Al A s I P (R 4, T
e FECER ST, XA AR AR P 2
S Z R RE L RS, R AR AT T A e
RAS; [RIBHBATT A4 I FERE i 5 T2 7 keV /u B,
FEA AR TR AL 313U TTER R RE B 20, HLH
B SR A Y. SRS R, AR
SERLHL TR TR 330 A X i I R o T v 2T
T+, #F 14.4 keV /u e R AT IA 3] 11.6%, {Hifk &
NTFECE SR DT, X — 1 22 F A RE 2k 2
S PRI 8% 3 G ROR R UL S 2 i B 7
TR RUH -7 4R A TR 4 A 1) SR B P i B I 4h,
ArS R PR ERNRBR S K T LRI E
Fete, A TR XU R, 1 AR S 0 o B Je B AR A
AR T AR AR 3 BT 7 . £ B TR, B R 52

240701-6


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

Y 32 2 3R Acta Phys. Sin. Vol. 73, No. 24 (2024)

240701

BB S 22 (A A7 A —RE I 22 5%, T 2P
14 3 14 SRR G Y B T A SR i —
A

4 % b

BT R BREE A A B R &, AR TAR
FFET 1.4—20.0 keV/u Ar®E 75 He $AHE
R AU, - (AR BT P S S
RRPTEARFRE R ST, B AZ 3pnl (n > 6),
3d4i 0 3snl (n > 3) TEXNH FIERE P L F 7
Moz, SET AR ITASE FA AR Al e X B R
U — S0 S50 00 5% 2 1) BUH {7 A A
QBB /3 AN AL, St AU {7k 75
A S 2. SEB Rt — 2D 3R, U TRk
Tk R TP [] S 2 A A A G TR X A AR S i
i B IR ZL MO VE, TEIRBERE T, M ny L
B TP AR 7 32 . A SCRAT A U {73k
ARSI, AU e AS e B R T S Y
A EREEE A, o He T PR AR B RE
SR X AR AR S B
A Bl T s 2 3 vh A 1R R 58 SRR A Al
Bl 15 L - HL - OCIRARLN BRAE. SR TS
B PRBREN, X5 T shi i EU T R AR P
RO B T ARSI R, X Ak
15 A S I R kG B B T VA I R AR L T 48 5.

S 30k

[1] Abdallah M A, Wollf W, Wolf H E, Kamber E Y, Stockli M,
Cocke C L 1998 Phys. Rev. A 58 2911

[2] Liu CH, Liu L, Wang J G 2014 Phys. Rev. A 90 012708

[3] Cumbee R S, Henley D B, Stancil P C, Shelton R L, Nolte J
L, Wu Y, Schultz D R 2014 Astrophys. J. Lett. 787 L31

[4] Katsuda S, Tsunemi H, Mori K, Uchida H, Kosugi H, Kimura
M, Nakajima H, Takakura S, Petre R, Hewitt J W,
Yamaguchi H 2011 Astrophys. J. 730 24

[6] Liu J, Wang Q D, Mao S 2012 Mon. Not. R. Astron. Soc. 420
3389

[6] Hoekstra R, Anderson H, Blieck F W, von Hellermann M,
Maggi C F, Olson R E, Summers H P 1998 Plasma Phys.
Control. Fusion 40 1541

[7] Cravens T E 1997 Geophys. Res. Lett. 24 105

8] XuJ W, Xu C X, Zhang R T, Zhu X L, Feng W T, Zhao D
M, Liang G Y, Guo D L, Gao Y, Zhang S F, Su M G, Ma X
W 2021 Acta Phys. Sin. 70 080702 (in Chinese) [#R{EfR, 7%

(31]

(32]

(33]
(34]

(35]

240701-7

B, kI, AN, WOCR, A, RS, SR, EK, K
B SRR, THHTSC 2021 HEEAAR 70 080702]

Meng T, Ma M X, Tu B, Ma P, Zhang Y W, Liu L, Xiao J,
Yao K, Zou Y, Wu Y, Wang J G, Wei B 2023 New J. Phys.
25 093026

Fischer D, Gudmundsson M, Berényi Z, Haag N, Johansson H
A B, Misra D, Reinhed P, Kéllberg A, Simonsson A, Stgchkel
K, Cederquist H, Schmidt H T 2010 Phys. Rev. A 81 012714
Roncin P, Barat M, Laurent H 1986 Eur. Phys. Lett. 2 371
Hutton R, Prior M H, Chantrenne S, Chen M H, Schneider D
1989 Phys. Rev. A 39 4902

Mack M, Nijland J H, Straten P V D, Niehaus A,
Morgenstern R 1989 Phys. Rev. A 39 3846

Posthumus J H, Morgenstern R 1990 J. Phys. B 23 2293
Posthumus J H, Lukey P, Morgenstern R 1992 J. Phys. B 25
987

Lee A R, Wilkins A C R, Brenton A G 1996 Int. J. Mass
Spectrom. Ion Process. 152 201

Doérner R, Mergel V, Jagutzki O, Spielberger L, Ullrich J,
Moshammer R, Schmidt-Bocking H 2000 Phys. Rep. 330 95
Ullrich J, Moshammer R, Dorn A, Dérner R, Schmidt L. P H,
Schmidt-Bocking H 2003 Rep. Prog. Phys. 66 1463

Fléchard X, Harel C, Jouin H, Pons B, Adoui L, Frémont F,
Cassimi A, Hennecart D 2001 J. Phys. B 34 2759

Lii Y, Chen X M, Cao Z R, Wu W D 2010 Acta Phys. Sin. 59
3892 (in Chinese) [HBE, BREGH, WHZE, R TR 2010 Y3
11 59 3892]

Cumbee R S, Liu L, Lyons D, Schultz D R, Stancil P C,
Wang J R, Ali R 2016 Mon. Not. R. Astron. Soc. 458 3554
Niehaus A 1986 J. Phys. B 19 2925

Olson R E, Salop A 1976 Phys. Rev. A 14 579

Fritsch W, Lin C D 1984 Phys. Rev. A 29 3039

Kimura M, Lane N F 1989 Adv. At. Mol. Opt. Phys. 26 79
Liu L, Liu C H, Wang J G, Janev R K 2011 Phys. Rev. A 84
032710

Bliman S, Suraud M, Hitz D, Huber B, Lebius H, Cornille M,
Rubensson J, Nordgren J, Knystautas E 1992 Phys. Rev. A
46 1321

Druetta M, Martin S, Bouchama T, Harel C, Jouin H 1987
Phys. Rev. A 36 3071

Boduch P, Chantepie M, Hennecart D, Husson X, Kucal H,
Lecler D, Stolterfoht N, Druetta M, Fawcett B, Wilson M
1992 Phys. Scr. 45 203

Cao Z R, Cai X H, Yu D Y, Yang W, Lu R C, Shao C J,
Chen X M 2004 Acta Phys. Sin. 53 2943 (in Chinese) [HfE5%,
BRIDSLL, TR, M, oA, 7S, DRERET 2004 7324
53 2943]

Siddiki M A K A, Zhao G, Liu L, Misra D 2024 Phys. Rev. A
109 032819

Zhang R T, Gao J W, Zhang Y W, Guo D L, Gao Y, Zhu X
L, Xu J W, Zhao D M, Yan S, Xu S, Zhang S F, Wu Y,
Wang J G, Ma X 2023 Phys. Rev. Res. 5 023123

Zhang Y W, Gao J W, Wu Y, Wang J G, Sisourat N, Dubois
A 2022 Phys. Rev. A 106 042809

Chen L F, Ma X W, Zhu X L 2006 Acta Phys. Sin. 55 6347
(in Chinese) [FR=275, SHi3C, 4/ 2006 PR~ E4z 55 6347)
Raphaelian M, Berry H, Berrah N, Schneider D 1993 Phys.
Rev. A 48 1292


https://doi.org/10.1103/PhysRevA.58.2911
https://doi.org/10.1103/PhysRevA.58.2911
https://doi.org/10.1103/PhysRevA.58.2911
https://doi.org/10.1103/PhysRevA.58.2911
https://doi.org/10.1103/PhysRevA.58.2911
https://doi.org/10.1103/PhysRevA.58.2911
https://doi.org/10.1103/PhysRevA.58.2911
https://doi.org/10.1103/PhysRevA.90.012708
https://doi.org/10.1103/PhysRevA.90.012708
https://doi.org/10.1103/PhysRevA.90.012708
https://doi.org/10.1103/PhysRevA.90.012708
https://doi.org/10.1103/PhysRevA.90.012708
https://doi.org/10.1103/PhysRevA.90.012708
https://doi.org/10.1103/PhysRevA.90.012708
https://doi.org/10.1088/2041-8205/787/2/L31
https://doi.org/10.1088/2041-8205/787/2/L31
https://doi.org/10.1088/2041-8205/787/2/L31
https://doi.org/10.1088/2041-8205/787/2/L31
https://doi.org/10.1088/2041-8205/787/2/L31
https://doi.org/10.1088/2041-8205/787/2/L31
https://doi.org/10.1088/2041-8205/787/2/L31
https://doi.org/10.1088/0004-637X/730/1/24
https://doi.org/10.1088/0004-637X/730/1/24
https://doi.org/10.1088/0004-637X/730/1/24
https://doi.org/10.1088/0004-637X/730/1/24
https://doi.org/10.1088/0004-637X/730/1/24
https://doi.org/10.1088/0004-637X/730/1/24
https://doi.org/10.1088/0004-637X/730/1/24
https://doi.org/10.1111/j.1365-2966.2011.20263.x
https://doi.org/10.1111/j.1365-2966.2011.20263.x
https://doi.org/10.1111/j.1365-2966.2011.20263.x
https://doi.org/10.1111/j.1365-2966.2011.20263.x
https://doi.org/10.1111/j.1365-2966.2011.20263.x
https://doi.org/10.1111/j.1365-2966.2011.20263.x
https://doi.org/10.1088/0741-3335/40/8/007
https://doi.org/10.1088/0741-3335/40/8/007
https://doi.org/10.1088/0741-3335/40/8/007
https://doi.org/10.1088/0741-3335/40/8/007
https://doi.org/10.1088/0741-3335/40/8/007
https://doi.org/10.1088/0741-3335/40/8/007
https://doi.org/10.1088/0741-3335/40/8/007
https://doi.org/10.1088/0741-3335/40/8/007
https://doi.org/10.1029/96GL03780
https://doi.org/10.1029/96GL03780
https://doi.org/10.1029/96GL03780
https://doi.org/10.1029/96GL03780
https://doi.org/10.1029/96GL03780
https://doi.org/10.1029/96GL03780
https://doi.org/10.1029/96GL03780
https://doi.org/10.7498/aps.70.20201685
https://doi.org/10.7498/aps.70.20201685
https://doi.org/10.7498/aps.70.20201685
https://doi.org/10.7498/aps.70.20201685
https://doi.org/10.7498/aps.70.20201685
https://doi.org/10.7498/aps.70.20201685
https://doi.org/10.7498/aps.70.20201685
https://doi.org/10.7498/aps.70.20201685
https://doi.org/10.7498/aps.70.20201685
https://doi.org/10.7498/aps.70.20201685
https://doi.org/10.7498/aps.70.20201685
https://doi.org/10.7498/aps.70.20201685
https://doi.org/10.7498/aps.70.20201685
https://doi.org/10.7498/aps.70.20201685
https://doi.org/10.7498/aps.70.20201685
https://doi.org/10.1088/1367-2630/acf1c3
https://doi.org/10.1088/1367-2630/acf1c3
https://doi.org/10.1088/1367-2630/acf1c3
https://doi.org/10.1088/1367-2630/acf1c3
https://doi.org/10.1088/1367-2630/acf1c3
https://doi.org/10.1088/1367-2630/acf1c3
https://doi.org/10.1103/PhysRevA.81.012714
https://doi.org/10.1103/PhysRevA.81.012714
https://doi.org/10.1103/PhysRevA.81.012714
https://doi.org/10.1103/PhysRevA.81.012714
https://doi.org/10.1103/PhysRevA.81.012714
https://doi.org/10.1103/PhysRevA.81.012714
https://doi.org/10.1103/PhysRevA.81.012714
https://doi.org/10.1209/0295-5075/2/5/005
https://doi.org/10.1209/0295-5075/2/5/005
https://doi.org/10.1209/0295-5075/2/5/005
https://doi.org/10.1209/0295-5075/2/5/005
https://doi.org/10.1209/0295-5075/2/5/005
https://doi.org/10.1209/0295-5075/2/5/005
https://doi.org/10.1209/0295-5075/2/5/005
https://doi.org/10.1103/PhysRevA.39.4902
https://doi.org/10.1103/PhysRevA.39.4902
https://doi.org/10.1103/PhysRevA.39.4902
https://doi.org/10.1103/PhysRevA.39.4902
https://doi.org/10.1103/PhysRevA.39.4902
https://doi.org/10.1103/PhysRevA.39.4902
https://doi.org/10.1103/PhysRevA.39.4902
https://doi.org/10.1103/PhysRevA.39.3846
https://doi.org/10.1103/PhysRevA.39.3846
https://doi.org/10.1103/PhysRevA.39.3846
https://doi.org/10.1103/PhysRevA.39.3846
https://doi.org/10.1103/PhysRevA.39.3846
https://doi.org/10.1103/PhysRevA.39.3846
https://doi.org/10.1103/PhysRevA.39.3846
https://doi.org/10.1088/0953-4075/23/14/017
https://doi.org/10.1088/0953-4075/23/14/017
https://doi.org/10.1088/0953-4075/23/14/017
https://doi.org/10.1088/0953-4075/23/14/017
https://doi.org/10.1088/0953-4075/23/14/017
https://doi.org/10.1088/0953-4075/23/14/017
https://doi.org/10.1088/0953-4075/23/14/017
https://doi.org/10.1088/0953-4075/25/5/012
https://doi.org/10.1088/0953-4075/25/5/012
https://doi.org/10.1088/0953-4075/25/5/012
https://doi.org/10.1088/0953-4075/25/5/012
https://doi.org/10.1088/0953-4075/25/5/012
https://doi.org/10.1088/0953-4075/25/5/012
https://doi.org/10.1016/0168-1176(95)04340-3
https://doi.org/10.1016/0168-1176(95)04340-3
https://doi.org/10.1016/0168-1176(95)04340-3
https://doi.org/10.1016/0168-1176(95)04340-3
https://doi.org/10.1016/0168-1176(95)04340-3
https://doi.org/10.1016/0168-1176(95)04340-3
https://doi.org/10.1016/0168-1176(95)04340-3
https://doi.org/10.1016/0168-1176(95)04340-3
https://doi.org/10.1016/S0370-1573(99)00109-X
https://doi.org/10.1016/S0370-1573(99)00109-X
https://doi.org/10.1016/S0370-1573(99)00109-X
https://doi.org/10.1016/S0370-1573(99)00109-X
https://doi.org/10.1016/S0370-1573(99)00109-X
https://doi.org/10.1016/S0370-1573(99)00109-X
https://doi.org/10.1016/S0370-1573(99)00109-X
https://doi.org/10.1088/0034-4885/66/9/203
https://doi.org/10.1088/0034-4885/66/9/203
https://doi.org/10.1088/0034-4885/66/9/203
https://doi.org/10.1088/0034-4885/66/9/203
https://doi.org/10.1088/0034-4885/66/9/203
https://doi.org/10.1088/0034-4885/66/9/203
https://doi.org/10.1088/0034-4885/66/9/203
https://doi.org/10.1088/0953-4075/34/14/301
https://doi.org/10.1088/0953-4075/34/14/301
https://doi.org/10.1088/0953-4075/34/14/301
https://doi.org/10.1088/0953-4075/34/14/301
https://doi.org/10.1088/0953-4075/34/14/301
https://doi.org/10.1088/0953-4075/34/14/301
https://doi.org/10.1088/0953-4075/34/14/301
https://doi.org/10.7498/aps.59.3892
https://doi.org/10.7498/aps.59.3892
https://doi.org/10.7498/aps.59.3892
https://doi.org/10.7498/aps.59.3892
https://doi.org/10.7498/aps.59.3892
https://doi.org/10.7498/aps.59.3892
https://doi.org/10.7498/aps.59.3892
https://doi.org/10.7498/aps.59.3892
https://doi.org/10.7498/aps.59.3892
https://doi.org/10.7498/aps.59.3892
https://doi.org/10.7498/aps.59.3892
https://doi.org/10.7498/aps.59.3892
https://doi.org/10.7498/aps.59.3892
https://doi.org/10.7498/aps.59.3892
https://doi.org/10.7498/aps.59.3892
https://doi.org/10.1093/mnras/stw527
https://doi.org/10.1093/mnras/stw527
https://doi.org/10.1093/mnras/stw527
https://doi.org/10.1093/mnras/stw527
https://doi.org/10.1093/mnras/stw527
https://doi.org/10.1093/mnras/stw527
https://doi.org/10.1093/mnras/stw527
https://doi.org/10.1088/0022-3700/19/18/021
https://doi.org/10.1088/0022-3700/19/18/021
https://doi.org/10.1088/0022-3700/19/18/021
https://doi.org/10.1088/0022-3700/19/18/021
https://doi.org/10.1088/0022-3700/19/18/021
https://doi.org/10.1088/0022-3700/19/18/021
https://doi.org/10.1088/0022-3700/19/18/021
https://doi.org/10.1103/PhysRevA.14.579
https://doi.org/10.1103/PhysRevA.14.579
https://doi.org/10.1103/PhysRevA.14.579
https://doi.org/10.1103/PhysRevA.14.579
https://doi.org/10.1103/PhysRevA.14.579
https://doi.org/10.1103/PhysRevA.14.579
https://doi.org/10.1103/PhysRevA.14.579
https://doi.org/10.1103/PhysRevA.29.3039
https://doi.org/10.1103/PhysRevA.29.3039
https://doi.org/10.1103/PhysRevA.29.3039
https://doi.org/10.1103/PhysRevA.29.3039
https://doi.org/10.1103/PhysRevA.29.3039
https://doi.org/10.1103/PhysRevA.29.3039
https://doi.org/10.1103/PhysRevA.29.3039
https://doi.org/10.1016/S1049-250X(08)60061-0
https://doi.org/10.1016/S1049-250X(08)60061-0
https://doi.org/10.1016/S1049-250X(08)60061-0
https://doi.org/10.1016/S1049-250X(08)60061-0
https://doi.org/10.1016/S1049-250X(08)60061-0
https://doi.org/10.1016/S1049-250X(08)60061-0
https://doi.org/10.1016/S1049-250X(08)60061-0
https://doi.org/10.1103/PhysRevA.84.032710
https://doi.org/10.1103/PhysRevA.84.032710
https://doi.org/10.1103/PhysRevA.84.032710
https://doi.org/10.1103/PhysRevA.84.032710
https://doi.org/10.1103/PhysRevA.84.032710
https://doi.org/10.1103/PhysRevA.84.032710
https://doi.org/10.1103/PhysRevA.46.1321
https://doi.org/10.1103/PhysRevA.46.1321
https://doi.org/10.1103/PhysRevA.46.1321
https://doi.org/10.1103/PhysRevA.46.1321
https://doi.org/10.1103/PhysRevA.46.1321
https://doi.org/10.1103/PhysRevA.46.1321
https://doi.org/10.1103/PhysRevA.36.3071
https://doi.org/10.1103/PhysRevA.36.3071
https://doi.org/10.1103/PhysRevA.36.3071
https://doi.org/10.1103/PhysRevA.36.3071
https://doi.org/10.1103/PhysRevA.36.3071
https://doi.org/10.1103/PhysRevA.36.3071
https://doi.org/10.1088/0031-8949/45/3/003
https://doi.org/10.1088/0031-8949/45/3/003
https://doi.org/10.1088/0031-8949/45/3/003
https://doi.org/10.1088/0031-8949/45/3/003
https://doi.org/10.1088/0031-8949/45/3/003
https://doi.org/10.1088/0031-8949/45/3/003
https://doi.org/10.1088/0031-8949/45/3/003
https://doi.org/10.7498/aps.53.2943
https://doi.org/10.7498/aps.53.2943
https://doi.org/10.7498/aps.53.2943
https://doi.org/10.7498/aps.53.2943
https://doi.org/10.7498/aps.53.2943
https://doi.org/10.7498/aps.53.2943
https://doi.org/10.7498/aps.53.2943
https://doi.org/10.7498/aps.53.2943
https://doi.org/10.7498/aps.53.2943
https://doi.org/10.7498/aps.53.2943
https://doi.org/10.7498/aps.53.2943
https://doi.org/10.7498/aps.53.2943
https://doi.org/10.7498/aps.53.2943
https://doi.org/10.7498/aps.53.2943
https://doi.org/10.1103/PhysRevA.109.032819
https://doi.org/10.1103/PhysRevA.109.032819
https://doi.org/10.1103/PhysRevA.109.032819
https://doi.org/10.1103/PhysRevA.109.032819
https://doi.org/10.1103/PhysRevA.109.032819
https://doi.org/10.1103/PhysRevA.109.032819
https://doi.org/10.1103/PhysRevResearch.5.023123
https://doi.org/10.1103/PhysRevResearch.5.023123
https://doi.org/10.1103/PhysRevResearch.5.023123
https://doi.org/10.1103/PhysRevResearch.5.023123
https://doi.org/10.1103/PhysRevResearch.5.023123
https://doi.org/10.1103/PhysRevResearch.5.023123
https://doi.org/10.1103/PhysRevResearch.5.023123
https://doi.org/10.1103/PhysRevA.106.042809
https://doi.org/10.1103/PhysRevA.106.042809
https://doi.org/10.1103/PhysRevA.106.042809
https://doi.org/10.1103/PhysRevA.106.042809
https://doi.org/10.1103/PhysRevA.106.042809
https://doi.org/10.1103/PhysRevA.106.042809
https://doi.org/10.1103/PhysRevA.106.042809
https://doi.org/10.7498/aps.55.6347
https://doi.org/10.7498/aps.55.6347
https://doi.org/10.7498/aps.55.6347
https://doi.org/10.7498/aps.55.6347
https://doi.org/10.7498/aps.55.6347
https://doi.org/10.7498/aps.55.6347
https://doi.org/10.7498/aps.55.6347
https://doi.org/10.7498/aps.55.6347
https://doi.org/10.7498/aps.55.6347
https://doi.org/10.7498/aps.55.6347
https://doi.org/10.7498/aps.55.6347
https://doi.org/10.7498/aps.55.6347
https://doi.org/10.7498/aps.55.6347
https://doi.org/10.7498/aps.55.6347
https://doi.org/10.1103/PhysRevA.48.1292
https://doi.org/10.1103/PhysRevA.48.1292
https://doi.org/10.1103/PhysRevA.48.1292
https://doi.org/10.1103/PhysRevA.48.1292
https://doi.org/10.1103/PhysRevA.48.1292
https://doi.org/10.1103/PhysRevA.48.1292
https://doi.org/10.1103/PhysRevA.48.1292
https://doi.org/10.1103/PhysRevA.48.1292
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 % 3R Acta Phys. Sin. Vol. 73, No. 24 (2024) 240701

SPECIAL TOPIC—Dynamics of atoms and molecules at extremes « COVER ARTICLE

Experimental measurement of state selective double electron
capture in collision between 1.4-20 keV /u Ar®+ with He"
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Abstract

Electron capture in the collision of highly charged ions with atoms and molecules is a fundamental process
related to the electron transition between bound states belonging to two atomic-centers. The X-ray emission
after electron capture is important for X-ray astrophysical modeling, fusion plasma diagnostics, and ion
irradiated biophysics. In the past few decades, momentum-imaging cold-target recoil ion momentum
spectroscopy has been a significantly developed technique and widely used to measure the quantum state-
selective population in electron capture processes. Based on the cold target recoil ion momentum spectroscopy
installed on the 150 kV highly charged ion platform in Fudan University, Shanghai City, China, the state-
selectivity of double electron capture in the bombardment of 1.4-20 keV/u Ar®" on He is measured, and the
relative cross sections of the 313!’ to 317!’ double excited states are obtained. It is found that with the increase
of collision energy, more quantum state-selectivity channels are open in the double electron capture of
Ar®t-He collision. It is also found that the relative cross section of the quantum state population is strongly
dependent on the collision energy of the projectile ion. The present measurements not only enrich the state-
selective cross-sectional library and collision dynamics of highly charged ion charge exchange processes, but also

provide experimental benchmarks for existing theoretical calculations.

Keywords: highly charged ions, double electron capture, quantum state-selective, cold target recoil ion

momentum spectroscopy
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