Chinese Physical Society

Mﬂ#ﬂ Acta Physica Sinica

. Institute of Physics, CAS

FEENe't BFESHRERD F=REHDHEDSH
YW ERR DAL ADAE KRIHE BILR KBE FFRAE FHK EHEF KK KL
Three-body fragmentation dynamics of OCS?* induced by intermediate energy Ne** ion impact

Shen Li-Li Yan Shun-Cheng Ma Xin-Wen Zhu Xiao-Long Zhang Shao-Feng Feng Wen-Tian
Zhang Peng-Ju Guo Da-Long Gao Yong Hai Bang Zhang Min Zhao Dong-Mei

5| H15 2. Citation: Acta Physica Sinica, 67, 043401 (2018) DOI: 10.7498/aps.20172163
TE 281715 View online:  http://dx.doi.org/10.7498/aps.20172163
23 Ny 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2018/V67/14

EATRERC B B S &
Articles you may be interested in

A ZAAAH ELAE R S=1 [ g8 i Or 5 3R A2 285
Fidelity susceptibility and entanglement entropy in S=1 quantum spin chain with three-site interactions
YE&24.2018, 67(2): 020302  http://dx.doi.org/10.7498/aps.67.20172087

— A B R R B A U AR 5 W R A S I T
An approach to selecting the optimal squeezed parameter for generating path entangled microwave signal
PP 22 H%.2017, 66(23): 230302  http://dx.doi.org/10.7498/aps.66.230302

— 2% H e 18R B XXZ B )BT 2 N i S5
Quantum entanglement and critical exponents in one-dimensional spin-1 bond-alternating XXZ chains
YE = 4.2017, 66(12): 120301  http://dx.doi.org/10.7498/aps.66.120301

ETETESHE T ILE
Quantum secret sharing with quantum graph states
VP22 4%.2016, 65(16): 160301  http://dx.doi.org/10.7498/aps.65.160301

1 BB84 WXL & He ke ¥ 5 1E i) 22 At iy
Security analysis of BB84 protocol in the collective-rotation noise channel
YE = 4.2016, 65(3): 030302  http://dx.doi.org/10.7498/aps.65.030302


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.20172163
http://dx.doi.org/10.7498/aps.20172163
http://wulixb.iphy.ac.cn/CN/Y2018/V67/I4
http://wulixb.iphy.ac.cn/CN/abstract/abstract71422.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract71133.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract70249.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract67900.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract66514.shtml

1) 32 % )  Acta Phys. Sin. Vol. 67, No. 4 (2018) 043401

PRENe* B TS SFRIRER 7 F =
MNFEDH

FWWYY BNV TE Dt K RD k&Y B RY
wEED FARD wAD EHVD VD BAED

1) (FERFEBOEARPIEARF ST, M 730000)

2) (R EEABERY:, dEsT 100049)

(20174 9 A 30 HikHl; 2017 4512 A 11 HIREMESH )

R R S B B AT R T 56 keV /u ) Ne*t 8 7 5 Bt BB (OCS) AR 28 R4 52 36, WL T
Ne't B 7iF 31 OCS* T WERE) 1%, B AN =AKEE T, BT OCST B 7 =Rt B 4
0 P R Dalitz B, I BIRH X 49> T BELBAA B RIRT A S AR . M T OCS™ T 887 fif B9 1 72 1) 3 B %
T (KER) 4345, RILFIEELE 25 eV Ak, [FIRAE 18 eV A JB B/ IAELE, Hrh 25 oV £ A RV KIR T B 4%
R ESIERE, 18 eV AL JE I 45 W SR8 T k% il B AN AR T i B AP R @ i A Rl e E AN A LA S R
S TRl S0 TS B KER B, R IR 5 B A R 540 8 0 B R OCS3 WP M s h it 58 o0
KER HJUIEEAE 6.2 eV Ab. 25& DAERSEER 25 R, BAIEF RS0 ZHESNS T RATTFHRPIRIEE T =
B TR AAAE AR, T E AR A5 20 KER /UM RS B FHIE 755 R,

KUIA: BIEDR, BRI, ORI, SRR

PACS: 34.50.Gb, 34.50.Fa, 34.70.4-¢, 34.80.Gs DOTI: 10.7498/aps.67.20172163

1 5 =

FIF RS 7l PR TR v s o o, AT
PAFE 1071710718 s SIS TR Y, {3 0 1 3 B ERIE
B2 A, MR R - I HE R i KT
SRR S T, SR A TR
PRIE, REERZ AN BT AT, X T 1X—h
B FR ORI FL, ASE AT DL SRE Ji R A e B 1F] 4y
T2, 1 BT AR A o T RS 7 %, Bl R
=i AE S (OB VL PES = e
LR B B . A6, 4572 S il e itk
FET V2 AFAE T 55 B AR B AT B RS 2E S A,
SRR AR S BN S A 5 LA A A 1.

VER/IN Gy FHEZLE) 1 % I Fo bR A, CO9 53
THZHEMEELBERARCEREG T Z MK
PR, AE A A B TR S AR ORI C O,
TR S S TRE S TR TR RES
U IR B s I, B CO B i T [ I e
2 UL RE EARES, BN CO B I T IR T
2R DR E S A COREII R, =T
AN -METCO M—MOT BT, 2 ET
HEAAWE, COM1EH b HA R CT MOt &
. Singh 1 Lodha ) | /i [F 2548 51 6 B 85 CO4 43
T, AT COST T A HCOST —CH+Ot 407
T TR BN R . W 2 1 R R SR Ok
g T COST I B A 0 i A5 R VKT A B 3o
Wang %5 PIFI ] 500 eV i L FAll i CO, 431, it

w [E R E SRR KRB E B AL (HES: 2017YFA0402300) FTE K A AR £ 4 (IS U1532129, 11304325) B

VR,
T #fE/E#F. E-mail: yanshuncheng@impcas.ac.cn

1 @fE1E#. E-mail: x. ma@Qimpcas.ac.cn

© 2018 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

043401-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20172163
http://wulixb.iphy.ac.cn

Y118 Z R  Acta Phys. Sin.

Vol. 67, No. 4 (2018) 043401

5 BT Dalitz B X 4 17 CO3T B 1 1 B B2 35 1k
FPfR B IR, IR B COST B 1 IR At 18 3o A R i
F & CI) AR B A (128 1). Yan 25 515
56 keV /u i) Net™ B Ffif i CO, 407, MR KT
fift Bt FE i CO%H RS o TR S RN e

1E CO 73 TSR AT 3, AR T
Z Rl oy TR0 B SRR 2 ORI 7T T 722 b
FEFRIER T (0CS). 5 COq 2 T I AR G5 A
A, B CO BRI CS M BRI OCS HAT EXT RRE5 14,
ATTAT LLRIF 93 Fi 0 BRI 5 12 6 CS B i 240
CO # b R/l B 2 v 1 52 4. MRS, OCS 731
AFAE T HOER R T KA K it R S AR B AR oKGEs BA
Je BEBRA T, A T ER S H 2 Sy
i B A A T IR R AE T, 76 4R artd YRt
Firp B AR 2 m 1 WF 52 OCS 20 110 2 1L
fift Bk AR, SHRNER AR OCS 43 1A% B 11 )it BA %
OCS 7> 1 54W5r T AR EAE F i R A HEsh AR .

B2, X OCS i 2 ik 72 1y Wt 78 2 H 1 4 1k
EARA. B, Wales %5 B IR JE T o MLl 5 55 T
ArST LAY B AR S S, X T H AR
AT R B L 2. ok, Ramadhan %5 9100 F1]
90173 eV B X T £k R 5 OCS Sk 401, Ml & 45
F| 7T OCS*, OCS>t, OCS* B 1 1 24 T BE LI
SENRE, I H R Dalitz B 20 Hr 7 B 322 i 25 ATk
JF A O R B N SO AR = A Ak, R IILAR S AL
e RUURA 5. Wales 25 1 ] FH 58 RS IO Bk
MEE OCS A4k T, KL OCS3 =AM B i3
T AL A1 B ik o B AR A T A2 4K, Shen %5 1121 FF
J& T H PR OCS =R, 45 R R HA
0CS*t -50+CH4ST M OCS?t —CH4+0T+SH &
T AR AR B R A T R B R, AR
EIRIE A DA B AL . (B2, X OCS3 T
BT IR B b 4y 48 M RE B (KER) [ JR T
1B, ALK A MK CERIRE. % T, AT
0CS?*t — CO* St — CH4+OT+ST IR FF ez
1) KER A28 — B 1) KER #HTIE IR FIIR N8, I
FH 1645 21 OCS YR LI (R AR .

2 SC R A [ R 2 B T AR 4 B BT ) R N
B AORAZ IS A, FFRE T 56 keV/u B Nett B 1 5
OCS S A4 ¥ 22 SRl i 52 56y, 38 o 747 & 3R = A4
REE T, I AE BT 4 6 B A Dalitz K, ¥ #
X7 HEMBELEMKREBELRE T
0CS3*t —»CO*t St = CT4HO 48T K J¥ fift &5 it

e, FATEM 15 PRI KER &, JF4 1 741
RLE) 7> T T AE .

A S 2 A [ R 2 B AT AR A B AP
320 kV S S T4 IT 6 B 5 4&am
SRS SAG G L FF R, H - [ e iR B R
724 R Ne B 1 28 th 70 A Bl Bk e 3 WA 25 L o
BN DY IR AR DA SRS HE B, T R BE B
/N T 0.5 mm HPAT LA 56 keV /u ) Nel ™ B§
TR ZH TN SR BRI A S, 5 T
AR R G A OCS AU HEAT RlE . e 27 AR (1)
LB T AR RAT IS TSGR AR 220 V/em 1)
SIHRIBPERT, QI R B AR g S e R
I 25 B 1) AT I TS 5 A 4 B AE T Al
T SN AU BT, 48 P AT RO AREEAT FL AT 7S
ST TG, BRI BRI, FE4A HOGE R B 14
T AL BT T RSN T R B R
G EEBAREIE S Hr, EId AT [ E S B
SE, TLEMARES S T =4z &,

OCS AR KA 2 BB I L5 227 AN B
BT, AR T BCA R B b, RS H
MR T, 220 R E (17K AT I [] (time of flight,
TOF). @it X TOF 1% b 857 AT B [ 45 5 1 4
e, mh AT LB E AR RL I B T AR B LR AR 2
R T TOF —4Eik i, Hoh [ 1 (a) &2 —if
BT E ST TOF f541, B 1 (b) 2% =
i B P = 8 1 0 TOF £ &1, TEW 4
BBRE T AN F AT I F] AR B & A k. 1k
PR B I 2 AR AR 2GS L, W6 B S 07 TR AR AR
SRR AR (a) PR CH/OT BT
FEG B (LD CMR B X35, 72 8 1 (b) Hhidk #3506 B2 11
O /ST INFF& By (LL MG X ) J5, 5t vl LA e
0CS3t — CT 4+ 0T + ST i#iA.

AR 2l &~ 1E R B, 7R 208 OCS3 T B+ 1]
RENEIITET, K&EEFCH, Ot MST zhEM
NE, A=A B FIERIES A7 B .
B R = AN 7ok B TR R R, 84 5%
FR BT 0o 2 ¥ BPR I 2 Lo 7 HO AL, 15 I At 4 /R 7
FERAN RIS b FRATER T OO AERINEE E AL
B, RPN XIS, kR TR R T & A
PRI, AER, S e 1 R 3 AR AE, 231 il

043401-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

Vol. 67, No. 4 (2018) 043401

AN T AT RS A TE 2 IR 451, #E— DG =
ANETAE TOF J5 [ B FIAFLE 2 02580, [tk
T B e H s b 3 F b, JRATTAE TOF J7 e n b 7
Bl fE A, B R S, BT DA
B Al R0 2% A RS

O+/s2+

C2+ 02+ C+

iy
=
B E

wn
< cs+
=
g 3.5
z 5
& 3.0 co+t
g TR
5§ 25 TN
n cm - +/92+
2 20 . o+/s
e o
O 1.
S 15
. E E a)
TS| T P PR M0 FEETE P |
1.25 1.50 1.75 2.00 2.25
TOF of first fragment/ps
Cct Ot/s?t CcOo+ S+t
5.0 Tl

24 0CSt
4.5

4.0

3.5

3.0

TOF of third fragment/ps

2.5
0+/82+

~(b)
Ll
4.0

2.0
i i i Livaali [

Ll T [N P
2.0 2.5 3.0 3.5
TOF of second fragment/ps

Bl R E T AT 48 B (a) et & 7 —d
Tl TR AR (b) R E TR S = R AR

Fig. 1. Coincidence time-of-flight (TOF) map of ions from
fragmentation of OCS3+: (a) The TOF of first ions vs that
of second ones; (b) the TOF of the second ions vs that of
third ones.
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Fig. 2. Dalitz plot and Newton diagram for three-body

fragmentation of OCS3T: (a) Momentum correlation
features for all events from three-body fragmentation
of OCS3 in the Dalitz plot, the different areas labeled
in the Dalitz plot correspond to different dissociation
pathways, red oval area: nonsequential dissociation,
X-shaped area is sequential dissociation; (b) Newton
diagram for all events from three body fragmentation
of OCS3t, the dashed circle marks the sequential dis-
sociation, while the two red islands represent the non-

sequential dissociation.
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Fig. 3. KER distributions for three-body dissociation of
0OCS3+t: (a) The total KER distributions for three-body
dissociation of OCS3*, curve (1) is all events, not dis-
tinguishing the nonsequential dissociation from sequential
dissociation processes, curve (2) is the events correspond-
ing to nonsequential dissociation process (OCS3* — C* +
Ot +S7), curve (3) is the events corresponding to sequen-
tial dissociation processes (0CS3t — CS2+ 401 — Ct++
Ot +S* and OCS3t — CO2*+ 48t — Ct+0T+81); (b)
the KER distributions corresponding to the second step
of the sequential dissociation OCS3t — CO2?* + St —
Ct + 0Ot +8* .
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Abstract
The fragmentation experiment of OCS*" induced by 56 keV /u Ne** ions is performed using reaction microscope, and
the corresponding dissociation dynamics is investigated. By detecting the three fragment ions in coincidence, the three-
dimensional (3D) momenta of all ions and the corresponding kinetic energy release (KER) distributions are reconstructed.
It is found that a peak maximum of the KER distribution is locates at about 25 eV, and a shoulder structure appears
around 18 eV. This result is consistent with previous heavy ion experimental results with different perturbation strengths.
Taking into account that the KER distribution is related to the initial state population of the OCS3* parent ions, it
can be concluded that the perturbation strength is not a decisive parameter leading to the initial state population of
OCS** jons. We also reconstruct the Newton diagram and Dalitz plot for the three-body fragmentation of OCS3* ion,
from which the sequential dissociation is distinguished from nonsequential dissociation clearly. By analyzing the kinetic
energy of ions from each fragmentation process, we find that the K ER peak at 25 eV corresponds to nonsequential
dissociation process, but the shoulder at 18 eV arises from both sequential and nonsequential dissociation processes.
This phenomenon suggests that the parent OCS®*" ions in ground state and low excitation states tend to fragment
through sequential dissociation, while those in high excitation states tend to fragment through nosequential dissociation.
Furthermore, we reconstruct the KER distributions in the second fragmentation step of sequential dissociation, whose
peak maximum is at 6.2 eV, corresponding to X®II, ' and 'II metastable states of CO?*T ion. A similar KER
distribution is obtained for the second fragmentation step of the OCS**ion. By comparing our experimental results with
previous ones, we conclude that the origin of sequential dissociation process is the existence of metastable state, and the

reconstructed KER in the second step reflects the initial state information about the metastable state.

Keywords: carbonyl sulphide, dissociation mechanism, sequential dissociation, kinetic energy release
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