06008

7 e I A PESLHETAR BRI
P FHE—BP FE S BT AR AT
BARTH PE SR AT BB

Xiao-Jing Liu
EHER

FHAEEERF ZE AR
FHAEEHERT ZE R
FHAEEERF 2R
B LAV F — IR TR MBS RIEFZERT T305-0801 YBkIR D 13T KHE
FALKRSE  ZITTWERAIIERT
FALRZ  ZITTWEBAIIERT

BF M F U ZERMESEHAEZRAVE
VS ARY—DEFEY —0O »BEhEDER A

T305-8568 ikl D <X ik
T305-8568 FKIKIRE D I TiHEE
T305-8568 ikl D <X ik

T980-8577 EHIRAMATTHEX T
T980-8577 ‘EIRIRIE T H ZEX

B 5 FErfMry—ouviiiiEs v o BiRREICH LR TFE I AMOFEFIC T IVF—%2 5L TETZKE S
5 H L W IBERERE 2 RN 5 LI L7, COBREIL, RTANOBRBRICIABFHRHETH LA —Y «
WEREERRY, WHBEKOELZD ARV EEZONLICLHDLERID, bENCELS LHRABERICH T SNE
ECH5H, COBBENCIE, BT « AT VEERRRESHENILE VD, 12OV T LI SN 5L TORERT

OEF) R & FRFICEH T 5 FEPAROT Lin o 72,

1. [RU®IC

FFLRF O ICMDIETF « 7 FBFALETH LV S BR
BElx, XA R 7R T OB EERICE D L D ki
B RIFTTHAIDe VITAZ—DT 7/ TIVT—IVA
Maeddk (M) diel OKEREED, BT« 57T O0
SO T « 5 FBHEET D EVOBRELEEL T
bo TNETH, TOXDEEEEL, BICAXY FVAIA
DHEIEEORBIZ L L E D, BEERICKELELEY D
7ebd EFEZLN TV -7,

F9, [ EFBELERETICHAMZ LR F2AX
MAERINS 58BEYE 2 Thb, XEORIIZLD, M@
W, RTFONBEETHA L ALIN 5, Z L TERI N/
WRE— VAR OB I L DD BN, SEROBET K
Wahns (F—v @/, Fig.1(b)), 72721, EWiiE
OB HBBT A T AL NAE T, XBERH
LTl d28EPEE L > TS (X FK
H)o TOXDHBEAROBTL, HTBRZFER
RiChE, FErEEFRPHEr BBl T b —
DARNIRREAN B2 D BHEIRREIC L - TiE, BT HHA
IRIVF—ICTELRWEE, BEERICLD, SHICK
WIAIVF—IREEN LA D,

ZFNTIE, BHRSLSTFHORTHS X BE2BRIRL /256
12, BRI ED L DI TWADREADIN? 4
FOBEICE, MEARIAES LW OSHEREIDHLD
D, FTOETFHIBHFEGEIIE T OHE & EAWICFRL T

. -

e

ABFA4Y

(b)F—z @

(a)ICDiBFE

Fig. 1 Schematic diagrams for the ICD and Auger processes. (a):
the ICD process, the inner-valence hole in the A atomic ion is
filled with an outer-valence electron and an outer-valence
electron in the B atom is ejected. (b) the Auger process, the
core hole is filled with a valence electron and an outer-valence
electron is ejected in the same C atomic ion.
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(a) Photoionization

(b) Interatomic Coulombi

Fig. 2 Sequence of events observed in the Ne dimer. (a) Creation
of a 2s hole in a neon dimer by photoionization; (b) succes-
sive interatomic Coulombic decay: the 2s hole is filled by a 2p
electron, the excess energy is transferred to the neighboring
neon atom causing the ejection of one of its 2p electrons; (c)
back-to-back emission of the fragments after Coulomb ex-
plosion of the Ne dimer. (Figure 1 in the reference 8)
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Fig. 4 Sequence of events observed in the Ar dimer. (a) Photoioni-
zation creates a 2p vacancy in one of the atoms. The 2p
vacancy is filled by one of the 3s electrons and a 3p electron is
emitted from the same atom (Auger decay). (b) Interatomic
Coulombic Decay takes place, in which the 3s vacancy is
filled by one of the 3p electrons from the same atom and the
excess energy is transferred to the neighboring atom which in
turn emits one of its 3p electrons. (¢) Fragmentation due to
Coulomb explosion takes place. The Ar2* and Ar* fragment
ions along with the ICD electron emitted in (b) are detected
in coincidence. (Figure 1 in the reference 12)
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Fig. 5 Schematic diagram of an electron-ion-ion coincidence
momentum imaging apparatus.
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Fig. 6 A photograph of time-of-flight spectrometers.
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Fig. 7 An example of the several bunch mode, 6/42—filling + 35
bunches, at SPring-8. The red circles denote the single bun-
ches and the blue curve the multi-bunch part. The bunch
separation is 114.0 ns.
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Fig. 8 Ar dimer ion-ion coincidence TOF spectrum. The dashed
line shows the time-of-flight for zero-momentum Ar2* ions,
the dotted line for zero-momentum Ar* ions.
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Fig. 9 (a) Relationship between the electron energy and the total
kinetic energy release (KER) of the Ar, fragmentation into
Ar2* and Ar* measured at 257 eV. (b) Energy distribution
of the electron ejected from Ar dimers. (c) The KER of the
Ar, fragmentation. The red line in (a) is drawn with a slop
of —1. Thus, the island on the left hand side in (a) tilts with
a slope of —1, suggesting that the sum of the electron energy
and the KER is constant. This island corresponds to the ICD
process following the atomic Auger decay. (Figure 3 in the
reference 12)
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Fig. 10 Model potential energy surfaces for an excited state and a
repulsive state.
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Fig. 11 Energy levels of Ar atom and Ar dimmer.

9@ DL DI, BTOILINF— LT RIVF—LDOR
B—EE VDT &L, ASLOFBIREARTHS, R
LCWh EHEESN S,
COMBEBRAYEE T 572010, TrVF—BERK
(Fig. ) ZHWTE2TAHB, 7, XBABRINL /= Ar
FA<—F, Fig. M@ D X1, —HDOY A FTHBEE—
W EN, KEFEEET 5, 5l t—y B2
ICE OB L, Fig. i(b) DX SIC—TFHDT A Fic2>
DFR—IVHBER I N5, COEEDOTIVF—IF, 21fiA
FVORKEIRRED43.4 eV, JhIKFETH 557.5eV (3s7!
3p 1), 70.6eV (3p33d) mEDRENRD S, ThHD
REEIL, A3t OTFRIVE—LNJL (84.3eV) LDEVD
T, RHDOY A FT3lifA 4 VidBR SNz, —T7,
WHOIRAEIX, Fig. M(©) D X DI Art & A2t THY, 2D
AFVRT DL AIVF—IT, EERENS, 59.1eV,
60.9eV, 63.2eV 2 ¥ BFAET B, B T AL+ —139.9
eVTHiHI s, REERDOTFIVF—n59.9eV
BRI, Ar2t (3p33d)-Ar OMREENR YT T S
CEMDbMB, LichoT, A—V @RI k> TAr?*
(3p 3d)-Ar Il L 7 Ar ¥ A < — A X5 Art
AR DELTWAT EDbrb, ArJRFO 31fif A
vV ED SEWIREED Ar2t (3p33d)-Ar 0 5, BT A
LTWADT, I CTHHEL-MEEREL, ICDEEL
BTELTAI D05, LIcP->T, Ar X A< —
DWFEA T AL 5 (B)RD & 5 7eifdfE % @ -~ T ICD &
HEEETW5DH T EPHEITRS N,
DEWLAr X A= 5 Art & Art ICfRHET 55+ v/
T wE 2 5%, Fig. 213, Ar X 4 <—Ii2257 eV % B4
L& &iT, Ar ¥ A—0bERINS Art L Art &
FRFICE SN SBFOLRIVF—AXRT L ET S5 A
X —DFRBERFICIRH SN D A 4V OB T 3L F — & OBF
fREFRL T\W5, Fig.2(b) i3, HEINABEFDOI IV
F—AXT PV TH D, WBROIETTH5H 2p1)2 & 2ps)2
PEEIINTWSR, KL VF—OBBFIREH I T



FEY VRN EF « 174 Z2EREREFESFRAEZZAWL Y T RY —DEFE 7 — 0 > RO R
C | T N ||||r||r|||r||(a|)
X s 2P32 ] ICD 2
%500 '_(b) 2P1.I'2-.. : . p3-"2__ % 50 |.. ® . 20112 E&’Z d
3 - L] E 5 L, . "N
o - [ y.-‘. ] 1 3 s . l": -
0 ;———H PR | - — s M.#‘I-l ‘-f
—~ (@ (c) 1 =
> 6 : 8
— ™ 3
© i K I 7}
g 4 'z
2 P P N | I |5
0 5 10 0 20004000 2
Electron Energy (eV) Counts &
Fig. 12 (a) Relationship between the electron energy and the total Electron Energy (eV)

kinetic energy release (KER) of the Ar, fragmentation into
Ar* and Ar* measured at 257 eV. (b) Energy distribution
of the electron ejected from Ar dimers. (c) The KER of the
Ar, fragmentation.
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Abstract We have successfully observed interatomic Coulombic Decay (ICD) from clusters, which trans-
fers an excited energy in an atomic ion to a neighboring species which subsequently releases its energy by
emitting an electron. This ICD process is different from Auger decay which is intra-atomic transition. The ICD
process is not negligible even without overlap of the wavefunction and the probability of the ICD process in-
creases significantly with small overlap of the wavefunction. An electron-ion multiple momentum coincidence
technique, which can record momenta of all the charged particles in each event, enables us to observe the ICD
process.
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