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FA IEDUTRARSE R (Ty) s, vl g 22 ve- Bl s
T HEGER B RINZ AT IREE] (1ty) 2 4,
e B E Ik 13 4350 R 3T, 1B, 1Ty, A 2. CHIT
BT PR B B CH, 431 TF DU T (A 4y
A H AR B o FE 25 5 3% 31| Jahn-Teller 0 A9 5%
Wi, PG A 1) Mg Ry HE MO (A fh) G
A

H AT, CH, B s AL O 78 H TRl 10, e
Tf A% 5 Rl ) ] AR G R 17 AR S i A 3
TR, HHRKZMHNRERHGE (kinetic energy
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2715

e CH3T — CHY + H fiff 25 3 18 (9 AF 5%
TAEH, Werner 45 8 fifi [f] 207 keV Xe'™ (r = 14,
18, 28)(v ~ 0.29 a.u., 0.33 a.u., 0.42 a.uw.) 53| T
51 7 eV MY KER W, ] 742 keV O™ (v~
1.37 a.uw.) 3 T 5 eV &£ A AY . Dujardin 55 [17)
T 1985 4E i ] 37 eV WY R FRSHEIR, WA
B CATE R 22 R A KER B2 (5.3+£1.1) eV.
2009 4, Flammini 5 ) ff F] 4 keV [ HL F JF J@
T CHI" WrRSLEe, 155 T 4.38 eV ZEA Y KER
. S5EEETHEZR, AT R iZ R i (0 A 2
N, CHIT B T205d 'E A I 45 09 AR Il 1A,
A CHY B HT. FifE Williams 2519 78 2013 4
il 295 eV L F145] T 5.8 eV [ KER I, £
- EABATIN N Jahn-Teller 5 S BOR A =)
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HL T A RELREAIN. 2022 4, Rajput 55 20 fif i 0
4 0.37 a.w iy Ar'tHl N3+ 5 CH, #F47 T Al
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W] RS Z BB RE2E. Beiln, 15 B 28 w4
AR, Jahn-Teller 00 X 73 fff B3 ()52 i 15 2] 1 4%
SR ELEE R . SR N G SE R R — A s
1 800 nm Ay RFMHOE P CHy LB AL CHY |, 28
JE A€ CHY AN LR Z, F%E 2 3R 800 nm 0t
¥ CHY BB 3] CHY T I & A WA B, Sl & T
CHI P B /9 KER Bififs [a] 44 38 £k, I 000 32
TAEREPI A RE T CHY 52 Jahn-Teller 20 5%
Wi P 25 4 i At

BARTEARFM LI FB T, AffTE&4x) CHy
XA i B RAE ) 4 PR R R TR
F & IR BAE R 19 B 1 DRI OE 1 2
SR B S  CHET Y45 R L A 8 Bl A R
KER i FAEAEE S T A 80 2 1 somk. It
b, 84352 55 1519 A8 P e 41K B A 4 A2 2R LA 1Y)
FEAE XA KER WA HLEI AR A 2%, A
XFF CHIT — CHY + HT eSS R A HLHE )
SRR A — Lo XfE LA e iy [n) 8. ol 4n, 7T KER
TE 4.7 eV [t g 0 R PR AU S FRAL S, 241
B kAR T CHy A & X FRiE, B
H KER 455 SRR T IRAE, BRI, CHI' fif
B AR A OGS IR T B — 2 5

HHT, FH CFPEOEIR ST &S RIER (high
harmonic generation, HHG) #17 CH, .t F H
20U FRL B S ) AH SC A5 18 R DL AR . A T AEBE
KT 25—44 eV I (extreme ultraviolet,
XUV) 51 CHI* (RS . BT AT XUV
K+, & T CHy (1ty) HUil B+ e IS 25 BE
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PRSI, T LA CHET A8 3] (1t,) 2 FF 4l
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TR TS (2a)) 1(1ty) ! S (2ay) 2 X7 ) L S
fig, NEEA AN LIRPIA P 4138, i, A8
TH RS FREESCE, CHYY BT RIS AL
Rl R4 /IS, X8 T AR A B i AR 1 53

BeAh, AR FE AP R T 1 MeV Net (v~
1.4 aw) W PR, HZHRTE
fai & B+ (high charge ions, HCI) 55 T, Mg i
FE X il 5t B RS AR LA e rh, DA
TS M R B ) A5 A a3 P R[]
PRI JE T e R BORFY KER 4340 . AR5
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£ 125 B 5 4 TRl 8l 7 A S IR 2 58 X
OGS -5 B RN B S S T ik XUV
IR A, ik XUV SR UL oh CRMEOE
KB PSR A HHG. JT204h CEMEOG PO
4 800 nm , FEE NNy 3 kHz, fkvi K 25 fs, i
FEA K RE R Tk 3 mJ. #FEKSOCERAETEEA Ar
S (RJEZM 50 Torr, 1 Torr = 133.32 Pa) frhas
WREN, VEFFA T 25—44 eV R Ul il 24,
JEFHRER A (25.240.23), (28.340.22), (31.5+0.21),
(34.540.21), (37.6+0.22), (40.740.35) Fl (43.7+
0.38) eV. i 300 nm JEFE R 5E BRI LL oMt
UE, BIE R A XUV Ot Tl XUV FLAFA ST
77T AP BN SRS L, MR E
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HIE (1) FEEE (2) ATy 4:1, i THEIE
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SEg R FE OGS (1), JF M EE cHY |, HY
[y N B R LET =S 1 = s i s 2 2R

FHshEs B, RIEshE B3 T 1 shRE M i
Eid R KER.
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FEA YOG L B 2 g, F2OCHE CH, Wl —
ANRE A (40.7+0.35) eV 5K (43.74+0.38) eV KL
TG BB 1ty BUE B LTS A B A R
H TG FRE = A RR G, HAA i FAA (1ty) 2
MR ST,, B, 'Ty AA, (B 1), ZJ5 CHT &
DRSBTS B 1. 18 2 B T
TG FRER N 25—44 eV I, CH3T — CHf +HT
E R ZZE AT RIATE . B 2 b Yl Xl
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(CHIY) (CHINR s an. (CH{ ), +H*

Bl 1 CHIT B 70 00 & MK AR RES, i SCHR [19]
BB Z S HoP (CH2TY s RIS — A C—I
oA % 8 a. M AL C—H #K A (&b T CH, 5+ F
ML) (9 CHYT B (CHY g+ 3R /R A 25 i 8 =
W), oy A5 F7 15 JahmTeller BB 11 F ¢ BT WA 25
CHY (AL "B gy 678 A 22 Jahn-Teller 445 5 Wil ifj
I A BT BOR AS CHY M REZLA: B X RE AR B )
T A5 2

Fig. 1. Partial initial energy levels of CHi"' and final en-
ergy levels of CH; , derived from the potential energy
curve according to Ref. [19]. (CH?i)}‘%:S au. Tepresents the
CHi+ ion with one C—H bond stretching to 8 a.u., while
other C—H bonds frozen in the initial geomertry of CHy
molecule. (CH;’ )in + HT represents the final dissociation
products. "B,y represents the energy level position of the
CH;’ final state influenced by Jahn-Teller effect; 'Egy, rep-
resents the energy level position of the CHi+ final state of
directly dissociating without being influenced by Jahn-Teller
effect, the energy level is obtained based on the reflection

approximation.
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A EFRIhAEE, HEimfS3 KER {H. [ 3(a) MK 2(b)
HVHAT TR RO SO SURAR SIS . 8] 3(a),
(b) 23 HJE/R T 1 MeV Nedt, XUV TR F Y
KER .

XTSI E A T = T PR I L, 155
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Fig. 2. Two-dimensional time-of-flight (TOF) spectra for
CH;" — CHJ +H* channel by XUV.
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Fig. 3. KER distribution for CH3T — CHf +Ht by
1 MeV Ne®t (a) and 25—44 eV XUV (b).

YEFIT, W 3(a) B9 KER 59 WL 3] 7 =g,
BT I R 06 32 43 S s 4.65, 5.76 FT 7.94 V. [H]
FE, #E 25—44 eV 1 XUV /ERF, A 3(b) H&
M KER 43 i AETES 4.75 F1 6.09 eV M4 KER
. i FEI T, TOIRETE 7.9 eV bR
TEAESE 3 KER W, [HI )5 2eie 3 5 F S8 nT
™~ KER W FETF.

FE VLAY CHYT fff 25 S0 56 T A v 01520261 5
HINH KER %9 4.7 eV 24 RIIERIET CHI T 1Y
HL TS (1t,) 2, 5.8 eV ISR i T T
HA (1ty) 2, PEITRIETHFHE (2a)) 1 (1ty) L.
GG DRI a5 R, AT AL S h Neb+ g
FHEFH 4.65, 5.76 eV KER 4715 XUV 4+
7S 4.75, 6.09 eV KER W —3, 43 51%F
N SCHK [5, 19] G 4.7 F1 5.8 eV (. HILFE 5
ZEHE Y, # 4.7 eV H 5.8 eV FRh A [F] 1) 20 A7 1
PR Al T AN 11 .

XU TT %05 g 1) f8, Williams 25 19 9845 1
AEREN 295 eV DGR SLS. Horh, 7Rl (1) h
LI E) 70 1T DA Kz n) Rk KER 7 Il (4. il
1R 24 A (MCSCF) 54 T cH3 '
)3Ty, 'E, 'Ty FITA, U HRBERT L. 251 %
B, 0 1R A THLTAD (1t) 2 19 'E &5/ CHE'
B TR E o A CHY B F (C, H7) Fl H
AR GE 1SR RTR, SRR B ) CHY A2 3]
Jahn-Teller RN {5210 17 & A= JLAIF4 7Y | 1284k,
I B ) 2, IR AWIS TR FHRE2E W
IxF . KER i H g 1T A9 07 . Rajput 55 20 JF J
TN 0.37 aw iy AT N3+5 CH, Rlf 85256,
.52 £F Williams 45 09 1y 2538 . AT NeS+AI
XUV () KER W 5 HE5 R —F X — 53R,
S STR RE N 2 I TT A I S A AR
L.

MR W T A B TRl RSk HF CHET Y
A (2a)) ! (1ty) ' & 7F 4 keV B FIFFH
Pt o B SE I [19) i b F (2a) 7 (1ty) AR AY CHET
AEff 2195 5.8 eV A4 KER 4346, i FAEARR
FEHLES S P, BT REEART (2a)) ! (1ty) P AKX
Iof 1) B (IR T B & RE, R AR AR YR H B S 56 v ik
AR HIZAS R TIRR. W7E 1 MeV Neb* i fill i 52
b, T RE R DU 2, T REAETE (2a))
(1t,) ' ZSHYTTHR.
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M EIRTHE R, AR EE A CHT ]
VIFE Jahn-Teller &0 52 0 T ffe 25 A5 B0 11 7E ik
FERlE, AT EL AR A 2 5] Jahn-
Teller W 52 Wi (1) CHT 8§ 7. X &4 CHIT B F
T 235 14 F HE 1 AR T U B 5 B A 2 A CHY F HY
B XGOS, B CHY N RENE = T
%% Jahn-Teller %N 52 WA fiff 85 7= A () CHY 1 N R,
13201 KER {HBSAHR FEAT, W RESAS S0 L

X, ASCEHS R T Williams 55 19 Bt
B E ASHEEML. HATEENE, TERBEE
Loh AW C—H 7B fk, HAbirs C—
H AR AL T URZSIRES, RIZE TS 2% T CHI T
CHy & F45 7Rk, ik J& Z 1 T Jahn-Teller
RO AT TR T S B8 C—H AR N 8 au.
EZ CHIT B T # a4, Hh 8 aukh iy
(CHE" )*pog an B FRERAER 1 P IR AL IR,
g4 RE LA 3 KER = 14.4/(0.53% Rycns)
AN 8 aw JFUR I AR KE TR 3h
BEJT R RS RB A B (K 1 T E i) #8710 ).
RIE W GREE g SHIREHZ R KER h
4.7 eV AT, T RS R 56 B B Ne®ilf i 512
¥ PRI T AP S AL, A, FTIA I T AT RES
T 'E & CH B1E o) AN CHY I5TER. T
it B L FRAR R, 76 Jahn-Teller 2% A A4 K AE A
WM CHT AU B P MR, CHIT e g kAT
fi B, PR S EORA CHE B 178 ok iy g
A, X —HLHI7E LATE B 5256 v 4 R .

X — A 58 7] PLAE Williams %5 19 () 5256
A5 200 H 36 IE, AT BT R R R SR8 T 22K CH,
W2 C 1s T E BB RIE AL CHY |, SR 5 i ik
WGRIEA L CHIT BT, e PR CHRKERL CHY 1 H
FET XA ZI0 7k, AT W S 1T, 1T A
MENE T FRATIA Ry —Fh A B R MR BRGR %
B ) ROBEAE fs 502 27, 1717 Jahn-Teller R4 A9
) R R AE fs iR 2. i T CHY BT A
TE A Jahn-Teller &0 B9 520, 78 CHAT JE L2 A,
CHf BT O &TFHG T4 EHE R, YA HGR
e CHYT B, S5H EHEC 25 A, Ui i
PRI CHY BT AR, AHR H KER #K, M
e BOA TR EE. B F CHY MBS AFAE L
ASRE Y iy, 3 C—H BEC P W e,
T T AR 2k

TEARRSLE Hh, XUV 5 1 MeV Ned+ 27 fif
FORUEE B3 s CH, BBk cHE T . Horpr ) 384 cHET
AIRE R AR, 5 — 0y CHIY AT RE & A 4544
FHHEE P . b i EHEE Rt T
T TR E LR Z3 T Jahn-Telller %0 )
SRZUS N, LA X R T, AR T S
PP LRI R Y S B AR B, IR 3 T T . 25k
A TR, W KERE 1T g A 4 % %] Jahn-
Teller S 1Y B 5400, 11551 1.

WA, # 15H T 1 MeV Ne*t & FhlffE CH,
T CHI" — CHY + H* il 8 fT 115 KER 450409 45>
. ¥ Rajput % PO B SIS AT X, B
HHLTASAR I, (R AR 2 K. AT SE 50
SIS N 1.4 a.uw i Nedt, 1M Rajput 45 29 A0
R B A 0.37 acuw Y Ardt. 8 5 P 22 8] A
A, AT LAARASHE 5 s B X KER 35 1052 . 25 51
7Ny, ARSCHTR R T 943 32 HE 2 T Rajput 45 20
I 1 /Y KER (5 W5 0.37 acw 9 Ar® A1 . 1
7.9 eV 41 KER (5 LMK T 0.37 a.uw ) Ar'*. B
& T BRI KER 70 fii MHE, MHZETE 6% Z 4.
PRI, FRATTIA A M 5B B mT RE R I T — 28 CHY T %
RASHIARE, B2 AR5 RIZ, R 5 X
fiff B S AR ) R R AT PR

# 1  KERi EA&WER TSI
Table 1. Branching ratios of each peak in the KER

spectra.
BTk KER/eV /%

4.7 46

Ar?* (v ~ 0.37 a.u.) 5.8 37

7.9 17

4.65 51.6

Ne¥t (v~ 1.4 a.u.)(A3X) 5.76 38.9

7.94 9.5

4 % i

ASCWIFE T 25—44 eV i XUV 11 MeV Nebt
VB CH2* PR Al B b CH2Y — CHY + HY JlE Y
WEZHLH], 58] T CHIT R B CHY Fl HH () 4
CATH R K KER 4340, IE504T 1 AT BEAEAE R fi
Bk, maEm 2 ERE 1 MeV NeSHEH T
CH3™ fi# B i CH F1 HH () KER %, 1581 T I&{H2Y
}4.65,5.76, 7.94 eV = KER . ¥£ 25—44 eV
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Abstract

CH, is abundant in planetary atmosphere, and the study of CH, dissociation dynamics is of great
importance and can help to understand the atmospheric evolution process in the universe. At present, the
CH3' — CHF + H" channel has been extensively studied, but the explanation of the dissociation mechanism for
this channel is controversial. In this work, the double-photoionization experiment of CH, by extreme ultraviolet
photon (XUV) in an energy range of 25—44 ¢V and the collision experiment between 1 MeV Ne®+ and CH, are
carried out by using the reaction microscope. The three-dimensional (3D) momenta of CHf and H* ions are
measured in coincidence, the corresponding kinetic energy release (KER) is reconstructed, and fragmentation
dynamics from the parent ion CH3" to the CHF +HT ion pair are investigated. In the photoionization
experiment, two peaks in the KER spectrum are observed: one is located around 4.75 eV, and the other lies at
6.09 eV. Following the conclusions of previous experiments and the theoretical calculations of Williams et al.
(Williams J B, Trevisan C S, Schoffler M S, et al. 2012 J. Phys. B At. Mol. Opt. Phys. 45 194003), we discuss
the corresponding mechanism of each KER peak. For the 6.09 eV peak, we attribute it to the CH3" dissociation
caused by the Jahn-Teller effect, because this value is consistent with the energy difference in energy between
the CH3T 'E initial state and the CHJ /HT final state involving the Jahn-Teller effect. For the 4.75 eV peak,
we believe that it may come from the direct dissociation of CH2" without contribution from the Jahn-Teller
effect. More specifically, Williams et al. presented the potential energy curve for one C—H bond stretching to
8 a.u., while other C—H bonds are fixed at the initial geometry of the CH, molecule. In the reflection
approximation, we infer that the extra energy is released from the internuclear distance of 8 a.u. to infinity. It is
found that the KER is 4.7 eV, which is consistent with the experimental observation, suggesting that the KER
peak at 4.75 eV may arise from the direct dissociation of CH2' without contribution from the Jahn-Teller
effect. In addition, in the 1 MeV Ne®* ion collision experiment, it is observed that the released energy values
corresponding to the three KER peaks are about 4.65, 5.76, and 7.94 eV. By comparing the branching ratio of
each peak with the previous experimental result, it is suggested that the velocity effect is not significant in KER
spectra.

Keywords: extreme ultraviolet, kinetic energy release, isomerization, Coulomb explosion
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