) 32 2 3R Acta Phys. Sin. Vol. 74, No. 6 (2025) 063401

MRS FEFZEEREEVSITR

S H D2 IR VYT BHHFEEDVYD 4 FEDY kD 4ED) I
1) (PEBEBEE P ERIIET, 22 730000)
2) (PEBEEBERS, JLaT 100049)

(2025 4E 1 H 2 HIR#E; 2025 4F 1 A 17 HUEHERR)

NTFEFZAETT R RSB EZ T, R nT DU & 248 F R b e i B9 R 85574 19 3h fig
Gy A CHLEE, AT AR 0 B AR AT R AR b R SCER G . AR SCIFJE T HL PRI AR 2 14 RO B AR S S
HNMFGE T CoHZT B 1 C—C SIS X ik CHY /CHY /H A9 =AM gl 1. I 7 CHS M CHY B 71
=4, REF M ESFEEN T Hsha. @i shaE RS | Dalitz B, 4100 B 4387 T = 14w 24 1) i B hL
il & B PI I) f 8  7 A  AE  EZEHLR, 53 A R O N TR, AR — 2B e CoHR i B AR A H R

Tads CoHZT 58 TR CoH2T WRARVE I CHY A1 CHY . S8k I H R TS RE /- ), ik AR A H) 10 eV,
T T b TR ki RE A, PRI % i 1 B A X H ki 5 R AT SR

KR Lbe, BRI, SIRIRRL, SOV R USRI IX

PACS: 34.50.Gb, 34.80.Gs, 34.80.Ht
CSTR: 32037.14.aps.74.20250008

1 3

TESRIZWOG | o LA B T B TR 09,
THZ DT A LIBCRE, Z )52 im0
TR, EME TR THFR BR8N 2
ANE TR, BRIV RO A B v v A5 T
TP IR, XS B 50 R Pl | Aot 4 | S5 1
Py A B AR AR L R 0 5 SR R Y
e, T E T AR TAT R, RS
PR BT TR A AT LA eV PN BIAE, AR
THlFae, M 2t B ARk h s
BEIRALH Z —.

FRT, AMITEZIT R 1RSI ST = FL
BOTET (M =3) =K, X CO,, OCS,

i

DOI: 10.7498/aps.74.20250008

CoH,, CFy S8R TR T T T 2 hi 147,
WS Ao B 1 AR R BT A BB T
HLfar, R 3 A A D T A B, T DA A
R Z S e R, s R HEREZALH], ok X 40k
B A E A B ML JHorh WO S ] LIEAE
Wi, B ABC T8 i — b2kt
A—B Wi, Wl — R BT A MRS T
BC, X5 B—C ik — LW, fi 2 al BF O
BT MR R R b 2E 8 A—B f1 B—C'[A]
AR W= A, B, C =AM R .

WA F B F KA R M =R, IR0
o — AN SRS TR R B BB, FRATTRT LA
FEHERR R B S s 12, DAL 5 1 sh e o
. AR R R SRR RS, B S Al B Tk
IRALT Z A0 v kit B AR (HR, H R X —

*EZRE AT (S 2022YFA1602500), 1 ERRA BRI MG S RHE L3 (B) (b5 XDB34020000) Fl ERbEA <

BB AR T H B B Y U
t iBfE1E#E . E-mail: yanshuncheng@impcas.ac.cn
1 BfE1EE. E-mail: x. ma@impcas.ac.cn
© 2025 FEYIEZS Chinese Physical Society

http://wulixb.iphy.ac.cn

063401-1


http://doi.org/10.7498/aps.74.20250008
https://cstr.cn/32037.14.aps.74.20250008
mailto:yanshuncheng@impcas.ac.cn
mailto:yanshuncheng@impcas.ac.cn
mailto:x.ma@impcas.ac.cn
mailto:x.ma@impcas.ac.cn
http://wulixb.iphy.ac.cn
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. 74, No. 6 (2025) 063401

PR3 T 7E Rk AR IR AR, H i
T COy, CoHy, NH3, CH, S5/ W AH I S50 4
814

LAt B R PR 1, HSZ2 3w S 2 IR
J&, AT LAHL B AR 2 R A AR ik S AL 19,
HERBEMEATSERIF, FI RS (L P B PR
PRy, [FEE, SbER 4 PSR E LA,
HAEPRIZ A )G, Widfiis | S50 IR,
IRt — PR B+ DNRM, S 58 E 0¥ R
MO G Ah, I tEERET SRR, WES 53
R, 28R Z— U AT, BR
HEE T O 18200 H o P22 e B 2228 A
F IR, R T HP R ETER . 5
1k B WEAEHLEE. (B2, FEAITHeE & Pk H 15
1) = AR TR RS R I B

R PRI R R S AR T Bl g 2 A B e X
B, P e R se i e 5, Wk A RE R R
T FRFRI I E I e = e g5 B (R
TG TE A ) BRAF R 13X — X, & e A B U
A LS I =i Sh s, BLR AT DU i s E
SRE AR R B, SR RCHE SO A R, A
NP R B A h R 2427 A SOR ] SO
BRGSO T 2 be Y H B A B8 S50, F9E T
CoHgt B C—C BT S AH G Y — A 243 1
SERSHRN T WAL B, IR = iR, )
AP RS AR R R R e R B B AR A,
A 2] = AR 258 18 AH A S BB RS (KER).
3 Dalitz AN A= 0 A A0 - 22 18] ) sl o oG
WRHEATTHEAE 20 AT, REH L@ ALGIMSE 7. S99
SR T 280 B ] 5 2 R O ok A i 25 3,
T H RS REN JrAE A E .

2 SLE

ARSI 7 v R B A A B 5 BT 1) A )
L SN AR AN AT, Sk B R i vl
PAZ2 3R [28-30), X B FAMRT 24/ 21 Sl 7 A
BITAR HL A b AR S S — A 1F R 2 ik bk
SEPLR AR Bk Ak, AR B RE & 500 eV ik i
FE 4 ns, B E R 58.8 kHz [ HL Tk b ok . Bl )5
HL TR 28t IR I 35 AN — e ) i 45 R AR 5 25 Al
FEAER X, IEATHREBE AR /N T 2 mm. CoHg #8%
R 28 i HAR 30 wm B /NFLE & B K I, Bl

i T 250y RGN, U R L /NSl A U
SRV, I IE 7 B Al X 7E A,
kP F 2 5 CHg ML A, & Az H 25
S

FERESE % 1 54 ns J&, ©ATHSRIEYL (TOF)
FIEE I 2 V/em $FH3] 30 V/em, V=4
BT SGERT G o B F s, 451
FTRPRM RS, A2 5 R0 25 i v 14 Tl 1
M (MCP), M= HL T, 3k e it T il 480 Rk
WK N B T MCOP 2k 2211 T2t — 4
TE WK pAE 5, vT LA R 8 S b s - 1 R AT R[]
HLF AN MCP 55 2 AIEIRZL X, #53H
TR ZE SRR S A SR S 1) W i (e . 385 135
TR )22, AT LA O = WA 2 1 i) — 2k
fE. T B B A A R, FRATTRENS A
IO 45 BRI P B T = e sl AR SeG ) T
Z AR, AT DR UCEE | 3800 | 20 5
AR FAF B ZA B F. eGSR B AL Bl
AAF T BT Z A B E] IR | Bl Gk, ik
RS 12T T 4.

3 #£R53

Kl 1R T CoHZY B T L5 i) TOF — 4k
FEETE, FHATRIAN [R] A 20808 . B A 2R 2 —
ANETF I CATHTE (TOFL), AR5 A B 1
1 ¥ATHS ] (TOF2). & 1 HURFERIL R C—C
W RS AR A F B TR S, HERR S oA
PN IS 1 —— X L.

49000

48000 2050

47000 2350

46000
1750

45000
1200

TOF2/Channel

44000
600.0
43000
60.00
42000

36 37 38 39 40 41 42
TOF1/(10% Channel)
Bl 1 CoHET BT C—CHURES T I TOF — 4 4%

Fig. 1. TOF 2D coincidence map in the C—C bond dissoci-
ation of the C2H§+ ion.
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Fig. 2. Red line is the KER spectrum of channel (1), the
blue line is the total KER spectrum of channel (2), and the
black line is the sum of the kinetic energies of CH;‘ and

CH; ions in channel (2).
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Fig. 3. Dalitz plots of channel (2). The panel (a), (b), and (c) correspond to the KER range of 0-6 eV, 6-9 eV, and 9-11 eV,

respectively.
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respectively. The momentum magnitude of CH;’

is defined as 1, and its direction is along X-axis. The momentum vectors of CH;’

and H are normalized to that of CH;‘ , and displayed in the upper and lower half planes, respectively.

1.5 1.5 1.5
(a) (b) (c)
. 1.0 4 2 1.0 A . 1.0 4 p—
E " E OHg E -
£ 054 CHs £ 054 - . £ 0.5 ="
: o | : 3
E & CH3 3 CH3 S : CH3
g 0 - g 0 - ‘ — g 0 -
I i ﬁ o i w o i W
2 ! _ 2 | B - 2z ] -
% —05 i H = —0.5 | RS % —0.5- 3 ! wr
- 1 — 1 — .
= : : < : H = : H
—1.0 ! ! —1.0 ! ! —1.0 ! !
P P -
—1.5 T T —1.5 T T T —1.5 T T
71o710 05 O 0.5 1.0 1.5 715710 Oo 0 0.5 1.0 1.5 71o710 05 O 0.5 1.0 1.5
Relative momentum Relative momentum Relative momentum

1.00 28.0 55.0 80.0 110 140

1.00 33.0 67.0

100 135 1.00 9.00 18.0 27.0 38.0 45.0

K5 il (2) A, K (a), (b), (c) 23 BI%HEE 8 KER JE R 0—6 eV, 6—9 eV Fl 9—11 eV; FHu CHY iy 3hH ke L
N1, 7 W X % CHE M H B8 AT IH — Ak R, 43 BB R TP AR 2 T
Fig. 5. Newton diagrams of channel (2). The panel (a), (b), and (c) correspond to the KER range of 0-6 eV, 6-9 eV, and 9-11 €V,

respectively. The momentum magnitude of CH;

is defined as 1, and its direction is along X-axis. The momentum vectors of CH;r

and H are normalized to that of CH2+ , and displayed in the upper and lower half planes, respectively.

HREATRE B EE S X 51, R s EME R 1,
VAR CHY F1 CHY BB G R, FHRREHLH] (5)
L
SERELE LRI 4—1& 6 i AR b B
B, R T R D aE (2) B EEALH, i
AEASFEGR, FATH S IHE R IL TR R J,
AR FH A T 1 A S W 2 e s AL 5 5 0 A A
1) AR RIEIREGHY (LR BEA LR, SRR
R B BEARES ) A7, DO ARS8 5 HAT F i,
TS AR Z AT R LB e 8, S EOREE T
P55 ) AN S P, X RO AN E PRI R
L IR0 A 2) ~F I FRARZE A 14 I3 0 2E456 2

FR RO R . T B 3R — 2 R34 =1 T W AR
BET BC, B WA WS Tt — P
%, ARSI B C BB RIA T,
FaBBEFREE. Wk BRI CRYIEN My Fl M,
A2 B AR B B3l 7 B a3 3o — Mg /(M p+

M) Fl —Me/ (Mp + Mc) , kS A2 [ 24 [5
O
FEE 4 1 =B, 06 SR TR AR T

R BE, 1 IR R R S — AR .
I, HBATHBLARIC IR B A E R, A
PRICIALE -5 I BEAY L PRI AR 22 B2, ARAN T
AR AR, Wt nT LAHERRAILE (3) b EEAL S

063401-5


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. 74, No. 6 (2025) 063401

1.5 e 1.5
1.0 4ri 1.0

g - g

z i Z

g 0.5 £ 0.5

[ (o}

g . g

e} A e}

g 04 g 04

jo) (o}

2 2

g —0.5 - Z 0.5

o) o]

& B =
1.0 JiE ~1.0 1
~1.54 15

1.5

1.0 A

0.5

04

—0.5 4

Relative momentum

—1.0 A1

-1.5-1.0-05 0 05 1.0 1.5
Relative momentum

I e

1.00 2.40 3.80 5.20 6.60 8.00

—-1.5-1.0-05 0 0.5
Relative momentum

I T

1.00 7.20 13.4 19.6 25.8 32.0

—-1.5 T T T T T
-1.5-1.0-05 0 0.5 1.0 1.5

Relative momentum

I T

1.00 6.80 12.6 18.4 24.2 30.0

1.0 1.5

6 EIE (2) MR, Hi (a), (b), (c) 435N Y KER JEHE A 0—6 eV, 6—9 eV il 9—11 eV; Bl i H M3 K/NE XA 1,
J7 I X ;o CHY A1 CHY Mg it b7 19— 46T, 4350 R T L2 10 AT 2 1
Fig. 6. Newton diagrams of channel (2). The panel (a), (b), and (c) correspond to the KER range of 0-6 ¢V, 6-9 eV, and 9-11 €V,

respectively. The momentum magnitude of H is defined as 1, and its direction is along X-axis. The momentum vectors of CH;‘ and

CH; are normalized to that of H, and displayed in the upper and lower half planes, respectively.

R REYE. [RIFE, R 5 B9 =ANEh, EARER R
TRBIBERES K, FEEAEE 5(c) TR TR T
IR, AR RO O B AT SR 5 BB A7 B R TR], P
AT DAHEBRAILE] (4) 120 FEHLRI AT REPE. R

FERE 6 1 =~ b FruLin 20 i (5 R[50 7 5 1
BEAFA, BIALE] (5) W R 7= A i g 2 R
FEHLH], X5 Dalitz 2L R 2. &
B, TEE 6 v, KA CHY il CHY |, W& i
Rz 1, Bl EILFEA R, FifH—RE
LRARiR.

I Ja, ATEER I — 5, HATe B s,
BRI T — 2~ LB T IR sl 2L
ERAAL S B 1 PR e 2438 30 20220l o4+ B =
PR A CHENEHGE. AWFIE TAE P IEi &t )
fiff B I & T B, R LA AR s RE T M IR T H,
Higm EEr AR 10eV, Z5 L TN H
k3% BE B B 0.02 VB, XSRS #E H
eIk 1) 5L PR . R SR 24T ARk R 1 EES
AR NN R S o AR S T 1
piy /¢

A VR 1 AORAZIE L, TR T =6 CoH,
ST BT RIS, BFIE T CoHE FEAUN CHY
CHY , H 0 =IAMBIIIS. frHmE T CHY | CHY
BT 1Y = AR S, SR i i 2l A
H =280 i 3T AT 193 i, by T

U388 1Y B RE R . Dalitz [BFIZR 5 &, 345
T H A = A S HL

WFSE M, 128 T 18 KEB 43 F AR IR T~k
[Fi] B 7 22 114 W0 ) i 5, /0N 0 ok Y YK e 5
CoH2'T R B —A H R FIE M ARAS CoH2T | R
Je WA B TR 24 CHY At CHY . RATHERR T
F AN T R 2R RIAE Sy 32 B R B A2 11 7T e
M, Hi A 2158 T ol E— A i B R cHS A |,
J& A Tt CHYE i — 20 25 B CHy A H. AR 5K
IlRIAT R, CoHE™ = {RIFART, K4 H gl
FIAR), IIKRE— B HF2E3 10 eV DL, il =
AR 228k HoaT DAk 4 oS R, A
FE SRSB4 T B AR kIR Y B AR ) R 23 it
VLR B 0 B 1 — VAR S 3 1Y s

(1] Mathur D 2004 Phys. Rep. 391 1

[2] Adoui L, Muranaka T, Tarisien M, Legendre S, Laurent G,
Cassimi A, Chesnel J Y, Fléchard X, Frémont F, Gervais B,
Giglio E, Hennecart D 2006 Nucl. Instrum. Methods Phys.
Res., Sect. B 245 94

[3] Aitelhadjali Z, Kessal S, Quinto M A, Oubaziz D, Champion
C 2016 Int. J. Mass Spectrom. 403 53

[4] Shen Z J, Wang E L, Gong M M, Shan X, Chen X J 2016 J.
Chem. Phys. 145 234303

[5] Chen L, Wang E L, Shan X, Shen Z J, Zhao X, Chen X J
2021 Phys. Rev. A 104 032814

[6] Jiang T, Wang B, Zhang Y, Wei L, Chen S, Yu W, Zou Y,
Chen L, Wei B 2019 Phys. Rev. A 100 022705

[7) Duley A, Kelkar A H 2023 Atoms 11 75

[8] Wang X, Zhang Y, Lu D, Lu G C, Wei B, Zhang B H, Tang
Y J, Hutton R, Zou Y 2014 Phys. Rev. A 90 062705

063401-6


https://doi.org/10.1016/j.physrep.2003.10.016
https://doi.org/10.1016/j.physrep.2003.10.016
https://doi.org/10.1016/j.physrep.2003.10.016
https://doi.org/10.1016/j.physrep.2003.10.016
https://doi.org/10.1016/j.physrep.2003.10.016
https://doi.org/10.1016/j.physrep.2003.10.016
https://doi.org/10.1016/j.physrep.2003.10.016
https://doi.org/10.1016/j.nimb.2005.11.085
https://doi.org/10.1016/j.nimb.2005.11.085
https://doi.org/10.1016/j.nimb.2005.11.085
https://doi.org/10.1016/j.nimb.2005.11.085
https://doi.org/10.1016/j.nimb.2005.11.085
https://doi.org/10.1016/j.nimb.2005.11.085
https://doi.org/10.1016/j.nimb.2005.11.085
https://doi.org/10.1016/j.nimb.2005.11.085
https://doi.org/10.1016/j.ijms.2016.02.018
https://doi.org/10.1016/j.ijms.2016.02.018
https://doi.org/10.1016/j.ijms.2016.02.018
https://doi.org/10.1016/j.ijms.2016.02.018
https://doi.org/10.1016/j.ijms.2016.02.018
https://doi.org/10.1016/j.ijms.2016.02.018
https://doi.org/10.1016/j.ijms.2016.02.018
https://doi.org/10.1063/1.4972064
https://doi.org/10.1063/1.4972064
https://doi.org/10.1063/1.4972064
https://doi.org/10.1063/1.4972064
https://doi.org/10.1063/1.4972064
https://doi.org/10.1063/1.4972064
https://doi.org/10.1063/1.4972064
https://doi.org/10.1063/1.4972064
https://doi.org/10.1103/PhysRevA.104.032814
https://doi.org/10.1103/PhysRevA.104.032814
https://doi.org/10.1103/PhysRevA.104.032814
https://doi.org/10.1103/PhysRevA.104.032814
https://doi.org/10.1103/PhysRevA.104.032814
https://doi.org/10.1103/PhysRevA.104.032814
https://doi.org/10.1103/PhysRevA.104.032814
https://doi.org/10.1103/PhysRevA.100.022705
https://doi.org/10.1103/PhysRevA.100.022705
https://doi.org/10.1103/PhysRevA.100.022705
https://doi.org/10.1103/PhysRevA.100.022705
https://doi.org/10.1103/PhysRevA.100.022705
https://doi.org/10.1103/PhysRevA.100.022705
https://doi.org/10.1103/PhysRevA.100.022705
https://doi.org/10.3390/atoms11050075
https://doi.org/10.3390/atoms11050075
https://doi.org/10.3390/atoms11050075
https://doi.org/10.3390/atoms11050075
https://doi.org/10.3390/atoms11050075
https://doi.org/10.3390/atoms11050075
https://doi.org/10.3390/atoms11050075
https://doi.org/10.1103/PhysRevA.90.062705
https://doi.org/10.1103/PhysRevA.90.062705
https://doi.org/10.1103/PhysRevA.90.062705
https://doi.org/10.1103/PhysRevA.90.062705
https://doi.org/10.1103/PhysRevA.90.062705
https://doi.org/10.1103/PhysRevA.90.062705
https://doi.org/10.1103/PhysRevA.90.062705
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 B ¥ R Acta Phys. Sin.

Vol.

74, No. 6 (2025) 063401

9
[10]
11]
12]

[13]

(14]

[15]
[16]

(17]
(18]
[19]

20]

[21]

Wei B, Zhang Y, Wang X, Lu D, Lu G C, Zhang B H, Tang
Y J, Hutton R, Zou Y 2014 J. Chem. Phys. 140 124303

Zhang Y, Jiang T, Wei L, Luo D, Wang X, Yu W, Hutton R,
Zou'Y, Wei B 2018 Phys. Rev. A 97 022703

Wei L, Chen S, Zhang Y, Wang B, Yu W, Ren B, Han J, Zou
Y, Chen L, Wei B 2020 Fur. Phys. J. D 74 133

Das N, De S, Bhatt P, Safvan C P, Majumdar A 2023 J.
Chem. Phys. 158 084307

Yuan H, Xu S, Wang E, Xu J, Gao Y, Zhu X, Guo D, Ma B,
Zhao D, Zhang S, Yan S, Zhang R, Gao Y, Xu Z, Ma X 2022
J. Phys. Chem. Lett. 13 7594

Wang Y, Li Y, Gao Y, Chen Y, Zhou Z, Shen X, Jin G 2024
Nucl. Instrum. Methods Phys. Res., Sect. B 557 165547
Abplanalp M J, Kaiser R I 2016 Astrophys. J. 827 132

Kim Y S, Bennett C J, Chen L H, O'Brien K, Kaiser R I 2010
Astrophys. J. T11 744

Russo N D, Vervack Jr R J, Weaver H A, Lisse C M 2009
Icarus 200 271

Kanya R, Kudou T, Schirmel N, Miura S, Weitzel K M,
Hoshina K, Yamanouchi K 2012 J. Chem. Phys. 136 204309
Schirmel N, Reusch N, Horsch P, Weitzel K M 2013 Faraday
Discuss. 163 461

Boran Y, Gutsev G L, Kolomenskii A A, Zhu F, Schuessler
A, Strohaber J 2018 J. Phys. B: At. Mol. Opt. Phys. 51
035003

Zhang Y, Ren B, Yang C L, Wei L, Wang B, Han J, Yu W,

22]
(23]

[24]

(25]
[26]
(27]
28]
(29]

30]

(31]

QiY, Zou Y, Chen L, Wang E, Wei B 2020 Commum. Chem.
3 160

Wei L, Lam C S, Zhang Y, Ren B, Han J, Wang B, Zou Y,
Chen L, Lau K C, Wei B 2021 J. Phys. Chem. Lett. 12 5789
Yoshida S, Majima T, Tsuchida H, Saito M 2020 X-Ray
Spectrom. 49 177

Moshammer R, Unverzagt M, Schmitt W, Ullrich J, Schmidt-
Bocking H 1996 Nucl. Instrum. Methods Phys. Res., Sect. B
108 425

Dorner 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

Ullrich J, Schmidt-Bocking H 1987 Phys. Lett. A 125 193

Guo D L, Ma X W, Feng W T, Zhang S F, Zhu X L 2011
Acta Phys. Sin. 60 113401 (in Chinese) [#5KJE, h#H 3¢, 3¢
K, A AN 2011 H)PIAAR 60 113401]

Yan S, Zhu X L, Zhang S F, Zhao D M, Zhang P, Wei B, Ma
X 2020 Phys. Rev. A 102 032809

Yan S, Zhang P, Stumpf V, Gokhberg K, Zhang X C, Xu S,
Li B, Shen L L, Zhu X L, Feng W T, Zhang S F, Zhao D M,
Ma X 2018 Phys. Rev. A 97 010701

Falcinelli S, Rosi M, Candori P, Vecchiocattivi F, Farrar J
M, Pirani F, Balucani N, Alagia M, Richter R, Stranges, S
2014 Lect. Notes Comput. Sci. 8579 554

Dissociation mechanism of ethane dication
via three-body fragmentation”

ZHANG Ziqih?)

YAN Shuncheng D21

ZHANG Shaofeng V)2

1) (Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China)

TAO Chenyu'? YU XuanY?

MA Xinwen D21

2) (University of Chinese Academy of Sciences, Beijing 100049, China)

( Received 2 January 2025; revised manuscript received 17 January 2025 )

Abstract

Molecular ions are widely distributed in the ionosphere of planetary atmospheres, and their fragmentations

can generate different ions and neutral fragments. Studying the kinetic energy distribution and generation

mechanism of the final products is helpful in understanding fundamental phenomena in astrophysics and plasma

physics. In particular, ethane is an important molecule found in Titan and comet, and its fragmentation may be

involved in the generation of complex hydrocarbons, as well as the atmospheric escape processes on Titan.

In this paper, the experiment on ethane fragmentation by electron impact is carried out, focusing on the

three-body fragmentation channel from CyH2t to CHF /CHF /H. The three-dimensional momenta of CHj and

CHJ ions are measured, and then the momentum of the H atom is reconstructed using momentum conservation
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law. Based on these analyses, the kinetic energy release (KER) spectrum and the fragmentation mechanisms are
investigated.

The time-of-flight (TOF) coincidence map of the ions shows two channels: channel (1) that represents the
two-body dissociation generating CHJ /CH , and channel (2) that refers to the three-body dissociation
generating CHZI /CHJ /H. It is found that the neutral H from channel (2) has a wide kinetic energy distribution,
ranging from 0 eV to more than 10 eV. This feature indicates that the dissociation of the C—H bond is from
multiple electronic states. Since the escape threshold of H in Titan’s ionosphere is 0.02 eV, the vast majority of
the H atoms produced in channel (2) can escape into outer space. In addition, the kinetic energy sum of CHj
and CHj in channel (2) is found to be similar to the KER of channel (1), indicating that the C—H dissociation
presents limited influence on the energy sum of the CH,* and CHi .

The corresponding fragmentation mechanism of channel (2) is also analyzed in this work. the overall KER
spectrum is divided into three parts: 0-6 eV, 6-9 eV, and 9-11 eV, and the respective Dalitz plots and Newton
diagrams are reconstructed under different KER conditions. In all Dalitz plots, there are a bright spot
representing the concerted dissociation and a horizontal belt representing the sequential dissociation. The
concerted dissociation is considered as the main mechanism, while the sequential dissociation plays a secondary
role.

The bright spot in the Dalitz plot shifts from the center to the left as the KER increases. This feature
arises from the fact that the CHJ lies between the H and the CHZ in the concerted dissociation, and it feels
the recoil both from H and from CHJ . Considering that the Coulomb potential from CHJ is constant, the
increase of the C—H dissociation energy will reduce the CHJ kinetic energy. The belt in the Dalitz indicates
that the sequential dissociation is a two-step process, with the first step being the dissociation of C:HZ™ to
generate H and metastable CoHZT | and the second step being the fragmentation of CoHZ' into CHF and CHJ .

The Newton diagrams under different KER conditions are also reconstructed to give further evidence of the
sequential dissociation from the metastable CoH:" | rather than from the metastable CHJ or CHf . In fact, for
the former case, the center positions of the two half circles in the Newton diagram are correct. Oppositely, for
the latter two cases, the center positions notably deviate from the expected values. This means the sequential

dissociation from CoH2' is dominant, which agrees excellently with the conclusion from the Dalitz plots.
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