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In this project, we have measured photoelectron angular distributions from fixed—in—
space molecules using a multi-coincidence velocity map imaging spectrometer. Based
on the photoelectron angular distributions, we have made molecular photoionization
dynamics clear; determination of electric dipole matrix elements, photon—induced
molecular reaction, interatomic resonant photoemission, and observation of core—hole

localization. The photoelectron angular distributions of a single bent molecule have

been also measured for the first time.

AR E A
(SHHHAL - 1)
[ERER S frHk E A F#t
2007 4= 4, 300, 000 1, 290, 000 5, 590, 000
2008 4 5, 200, 000 1, 560, 000 6, 760, 000
2009 4= 1, 900, 000 570, 000 2,470, 000
R
R
woEr 11, 400, 000 3, 420, 000 14, 820, 000
i vvan S o e /i
B EOLE - fMEH - Yy B T BEfTL 7 kr=72A

X—U— N NENEREY AT I 7 A,
AREAG ., RT3

% B[R] R AN ) B G ) e
LOEOLEE 1. JRTE L 7oz L, L T

B e



1. WFFEBHAR S M) D 5

e W O S ORI RIZ L0 5 7 D 4y YR
eI, FLER LTS, LaL, 1k
TGS OBRIA G~ & 38 2 46 < ATREMEA
B OWNHNEHS A F 7 AZO0TE, W
FRIELDOFREE A 1 = X LN EMEN O SR T
HLHDT, ZL OMENRDH DS D DIy 72 B
fRPFFHN TR, ZD XD REROF T,
BT B 1N % TR IR RE o o Y R AR I
H U CREBEA A & BT O RIBEFHANC &
% “ELIG T 6 OIET O M E AR HIE”
A HEFUZSERRT CRIsE L, WEOLEREY A
R RAEMAT DR B A B L
T&7,

2. WREROEB
IHNETIEL LTV D BBl g & e
T OAESAMAICET DIENHRNT A —H D5
Bro — 2 & O Tk, BlERE T LD R]
BOWEICEKR I NEZD, £ 2T, AFRET
W, R O 4 1120V TN AR E B R E
TETREEERZB IR, BRING-ER
ITHIER O L2 2 =— 7 IZWRE L,
WEOCERESY A T 2 7 R &5 — R ) D A
T5ELBHIT, BBOYHBEOHIRICLD &
FXERHERET VOGO T2 D,
IORUTFw—7 « T ANMIKDERET IV
O AIE OFMIEEGRE 7 /2%t LTStk o
WxE 25,

ARMFFEC N 2 2 8 [R] Rg - S ) i 5 4y
BT WDIE A=V~ A T 4 R ERFIETH
LT, AT 77—~ & LTHFW
POCERES A T 2 7 2ADEGEH AT L CHEE
T2,

3. WD IE
B4 11T, 25 H [ ep 5 e o o e £ 53 b 2 oD
WaK%Zrd, ZEMD3EE S Dmomentum

imaging spectrometer TARIDSAREEA A
@Dmomentum imaging spectrometer T&H B,
HIINLE 3 72 > TV T, velocity

vector3[FA U b D IEkHas LORIL & Z A
ICHZET 5 L 51T (velocity focusing Z&{
EWRT D EDID) HEL Y ARICRT v
YNV EG 2D, fERLF ORATHRR (1) &
Has EORIFELE (x, y)2>bvelocity

vector ZIRET Do BIIIRD~ VT3 F
EIRORHL, EFORITRHZ 2 =— 7T
RDDHZENTERVDOT, KEBRTIINE
FAZOWTUE (x=y) BN D ZRILDT F v
B (v, v)ZRETLHI L LT D, A
FAZOWTIE, A¥ = MIEEFOT 7T
NEMED Z Ik > TERTEENY F L
BHzGo, ZOXICLTHRLNADNLE
D ZRITCIREN T bv & oL EOfigEEA
A2 DZWITHER Y VOB A
W53 7020 DI DA FE A AT D,

=0

Fragment lons
7

1. ZE[FEIRFEHHNES) B G 5 e

4. FFFERCR

(1) Fe2%EmR

% B[R Ry HH B B mg ot E s kY —
FIOWETHLNDY AN T —EMhbH, T
UHELIZER LI b DILEAF DA
o34 L FRBEA A DOAESA, T L TERN
7 MV E S FRIOME R BLE IS T DR M
DFINODNEFOMESMEEE LT, 2




B DA BT O FEBRAE RO | e EHEE R
FLIR D RO R 1 E AT 5 R DR E
ENRZEE 2 =— 7 IRE LT GERFER) .
—HE LT, K2 IZARMIZETIRE LTz CO,
53D Cls BRI % AR 1
BATHIE IR OIRIE & (L HEZ R T,

300 305 3o 315 k)]
— T T T T
7 jN

7 N,
E \
4’./.% * — r\'J*\_\M.

s
b
h

0.8

0.4

0.0
0.8

0.4

0.0
0.8

Amplitude of matrix element (=10 a.u.)

0.4

Relative phase (rad.)

1 i L i 1 L 1 i 1 i
300 305 3 315 320 325
Photon energy (eV)

Ez.%@ﬁﬂ%%@&@&ﬂﬁ%
FEHL - TDDFT G5, — SU8HAR « HF G5

3?2 THIEFIE {B{@ﬁléﬁli@.ﬁfﬁ
’%waé NAHZTER T DT
PANQOYEBEE R =454 @Uﬁ&m 53 I OALHR
DETH D, K2R LT RV X—fEET
S FDRT v VBRI HRT 2060
IXWrE AL DR ORRILS) 3B 2 23,
AT poHl /I DBBATHNER O R E LT
B o Z D THLMNI SN,
—7J7. Time—dependent Density Functional
Theory (TDDFT) & L ’Hartree-Fock (HF) @
BRER T, TR COBBATHIE SR (I
iﬁj(ihfﬂﬂfb\éo F 72, WA OB R
i%%ﬁﬂ%%ilfﬁﬂé/\H%iﬁﬁ@éﬁgk‘J:
OIEIGHRICBI L T, FEBREEREZ BB 2 b0

TIE22, BURTIE. CO,5F D K 9 7B
DT CEZ, B EORBEIIZORETH
%o ABFIERLEIE, HmFHEOBEEZMET D
DEIRoT,

(2) B—0FDNBIEHAF I 7 A
2 AR FHAEB) = Ry IS KLY | e
T RFEOH T B D 5 1 O et Bk 2 B B8
BN LTz,

—filL LT, 3IThEm CH, 3 F 7B D
Cls ST F DA Z T, Cls ZLEH

(a) A A

R T N '=+-:.
.Cﬁ, g_‘.. = .l:’.‘ --‘ ‘- W :'. -;ﬁ-
%2 x2
(b) Sndrin W o0 3
. | = i -_ ‘__ b, ;‘h- P
9 |- » %
CH,* ¢ "
(6}
° 900 w0 WA ¢ 451
HECHEN { e i e PR
X 3. L CH, 5y Cls e+ DA S A

LIZIZ, A=Y = EENE 2V 2D 501
AFURERSND, ZMOCH,SFA A
RS ESERT v o RVITIRBET 278, X3

. CABDCH, A A D T ARFRBET v v
FIVDCIsHEFDAES M THD, ZDH

DO D LT, 7= NSO A 7 —
NDEAF I AN TOMEDK T %
S U CCLs BT DA ELSATD/RZ — R
ELLS BT L aRA LT,

(3) JRFAIREE L& 7

HIRDIAF O D BT Tk, BOET
DN Z RS 5 & BORFONRE TN
HWRFONBZELIZB D | ZOREORRE =
FVX—THIEE N EH S LEE (T
MHEIEEE ) B b, 20 X5 it



T, BEER TR SRS TR, IS
EEE)v TOW TR A L5 L B 7 i
E%E’JEEEYEWJ (TEED o T, ABFIET, 4
H TNOGT F DJRF LGB F 2 HET S

WS L7 (4. 2]) ,

532.7 eV (0O 1s — ")

535.7 eV

e 1.:)_7"'--\‘
I\ ’,‘
S b
| ‘
1 '
W
e
{ "
’ )
t d
L] i
Nela?

B 4. BELmINOSYf-DONIsYEE DA E Sy

FELLE D = R L — (535.7eV) TiEiLmEo
RITELS (B0 ETFR) | NlsOXET72
OB L 2D, Fio, HIRERE (532, TeV)
1F01s—n72 DT, WY b &5 ?%%mtﬁ
TalE (Eo kX)) Tk, HBozhRIT
<, NIsONEFETERD, L2AN, &
[/RT bV N ERE2EE (A0 T
) TiX, NIsONEF ORI IO R
WEENTND, ZI2C, FATEE DALy
i CHEF OFRE Z k(L LT, TERED
A DZE (FEO TEDIRES O i)
7x B 5T [ 08 O B - i O R A E Y
Rl L 72, # LT JR g e dE - A
\Z& Y| NIsDIE A DIREEN~ 5 %HINT 5
ZEEHLM™TI LT,

(4) Ne, “BEDOPNBICERS AT I/ A
Ne, “BARTIX, =2 DONeJil 1 DAl E 1 [# D AH
HAERIIMD THWO T, JeEMECER L
IsELEICZEHL EFFONeJE DY A F TH—
VRENEZ S, T, RTE LN
LoE#ZBIZ B E LT, BlfNe, ~ &K
5 DONelsHEFOMAE S ZHE LTz, X5
12, Ne™Ne? 1 L UNe'—Ne* & NelsE D =
HFERFHTH LN ETOAENME

AT, BB bhhD KoL, WkZZAORTE
Z ML C Ne™Ne? DF v > FILDIFE A D
FEAT TR B E R b TV b, —TJ7,
Ne'-Ne'®DF ¥ v F /L Cl, HEBETHER L 72
IsHLEDZEILN E S L ONe il 7124 Lz
MEBINTER, ZORER, ZOF v 3
JUTCIR, JEEE A O BES AR LSRR PRI DS R
e TWo, ZORRIE, FRSTF02D DN
O oA P E B b A 7
V=NV ThHI EEAA LD TH D,

(@)

e é
>
- .]
Ne* Ne? Ne*
(b)

=) e
o0 o @
Ne* Ne* Ne* | Ne*

X 5. Ne, ~#{KDNels 5 F DN

(5) JHHy T DI T O E S Hi
Z EF RGNS L D BLM 5 100 b D YEE 1
DA ESAARIE T, BRI FIZROA TV,
ZOHBIE, RS TSR D EREEA A D
AR EHISE N B T O L i L T
LIRS 2B 2 &Ik 2, @I%%EWL
T, O-H'-H'& 01s)t#E 7 o MU [m] e LS
V. BEIAIH2045 172> B DO01s Y8+ 0D f4 FE Sy A
HEZ MR THIO TEI L, TORREX
6 12T,

oy 1l EARE 7 NV O FE RBLE O E
IZ&0 ., OlsHEFOAESHDOIHNRE L <
EODHERADRELS DD, Tk, MR E
DOFEPFUZ LV | EEF OWENBIE D RFRMED
BIRAITHENDLDICRESND DT



b%, ZORIRIT, HJ@lhi o7 oNETF O
“WREEPHEERE LSO THDOTH D,
ZOMFEN R U =L 7o T, HETO =R
LR NG | 5 FHEE 2 RET 287270k
BrEITEORBBEE 72, Thbb, 2
DOIFERRRIL, BT D~ A VA h—r
LRDIH THERLDTH D,

T T T d T z
oro ,?‘ 6t 150° - o@-e
%) T

o,
a, [ NedA Ll |
(8nz) }' ’}
5. _
-~

RN

WO 25T
(811y) \)— £y
N 1N Ar)

X 6. H05+FD01sETE+ D E Sy 4i

5. TR
Udestansr) (BH1 31h) & CHEFA

O RBNpffi—, BVEBA. 5y R SR LRI
LINSEA BT ONEES A I 7 A
65%, 2010, 6 A5ICBEOTE

@ M. Kazama, J. Adachi, H. Shinotsuka,
M. Yamazaki, Y. Ohori, A. Yagishita and
T. Fujikawa, Theoretical study of
x-ray photoelectron diffraction for
fixed-in—space CO molecules, Chem.
Phys., accepted.

@ A. Yagishita, J. Adachi and M. Yamazaki,
Photoionization dynamics in the
molecular frame, J. Phys.: Conference
Series, 212, 2010, 012010-1-6.

@ J. Adachi, M. Yamazaki, M. Kazama, Y.
Ohori, T. Teramoto, Y. Kimura, A.
Yagishita and T. Fujikawa, Low kinetic

®

energy photoelectron diffraction for C
1s electrons of free CO molecules in
the EXAFS region, J. Phys. : Conference
Series, 190, 2009, 012049-1-4.

M. Kazama, H. Shinotsuka, M. Yamazaki,
J. Adachi, A. Yagishita and T. Fujikawa,
Theoretical study of focusing and
double slit effects in  x-ray
photoelectron diffraction, J. Phys. :
Conference Series, 190, 2009,

012048-1-4.

A. Sugishima, K. Nagaya, H. Iwayama, M.

Yao, J. Adachi, Y. Kimura, M. Yamazaki
and A Yagishita, Dissociation
dynamics of CgH; and CH;F molecules
following carbon 1s and fluorine 1s
photoionization studied by
three—dimensional momentum imaging
method, J. Chem. Phys., 131, 2009,

114309-1-6.

M. Yamazaki, J. Adachi, T. Teramnoto,

A. Yagishita, M. Stener and P. Decleva,

3D mapping of photoemission from a
single oriented H,0 molecule, J. Phys

B, 42, 2009, 051001-1-5.

M. Yamazaki, J. Adachi, Y. Kimura, A.
Yagishita, M. Stener, P. Decleva, N.

Kosugi, H. Iwayama, K. Nagaya and M.

Yao, Decay Channel Dependence of the
Photoelectron Angular Distributions
in Core-Level Ionization of Ne Dimers,
Phys. Rev. Lett., 101, 2008,
043004-1-4.

T. Teramoto, J. Adachi, M. Yamazaki, K.
Yamanouchi, M. Stener, P. Decleva and
A. Yagishita, Extensive study on the
C 1s photoionization of CS, molecules
by multi-coincidence velocity—map
imaging spectroscopy, J. Phys. B, 40,
2007, 4033-4046.

J. Adachi, K. Hosaka, T. Teramoto, M.
Yamazaki, N. Watanabe, M. Takahashi
and A. Yagishita, Photoelectron —
photoion —  photoion momentum
spectroscopy as a direct probe of the
core—hole localization in C 1s
photoionization of C,H,, J. Phys. B, 40,
2007, F285-F291.

T. Teramoto, J. Adachi, K. Hosaka, M.
Yamazaki, K. Yamanouchi, N. A.
Cherepkov, M. Stener, P. Decleva and A.
Yagishita, New approach for a complete
experiment: C 1s photoionization in
C02 molecules, J. Phys. B, 40, 2007

F241-F250.

M. Yamazaki, J. Adachi, T. Teramoto and
A. Yagishita, Experimental evidence of




interatomic resonant Auger electron
emission from fixed—in—space NO
molecules, J. Phys. B, 40, 2007
F207-F213.

@ J. Adachi, K. TIto, H. VYoshii,
M. Yamazaki, A. Yagishita, M. Stener,
and P. Decleva, Site-specific
photoemission dynamics of N,0
molecules probed by fixed—molecule
core—level  photoelectron  angular
distribution, J. Phys. B, 40, 2007,
29-47.

(3] (G321

@D A. Yagishita, Photoemission dynamics
in the molecular frame, International
Symposium on (e, 2¢), Double
Photoionization and Related Topics &
15" International  Symposium on
Polarization and Correlation 1in
Electronic and Atomic Collision, 30
July— 1 August, 2009, Kentucky

@ J. Adachi, Interference and Scattering
of Photoelectron Partial Waves in Core
Level Photoionization: Photoelectron
Angular Distributions in Coincidence
Measurements of Photoelectrons and
Photoions, The 13*" East Asian Workshop
on Chemical Reactions, 17-21 March,
2009, H4k.

® A. Yagishita, Photoionization
dynamics in the molecular frame, The 8"
Asian International Seminar on Atomic
and Molecular Physics, 24-28 November,
2009, Perth.

@ M. Yamazaki, J. Adachi, T. Teramoto and
A. Yagishita, Interatomic resonant

Auger electron emission from
fixed—in—space NO molecules
International Symposium on

Polarization and Correlation 1in
Electronic and Atomic Collision, 1-4
August, 2007, Konigstein.

(& fth)
=A==
http://molecule. kek. jp

6. MWFITHLR

(D) WA A

MR B (YAGISHITA AKIRA)

KL [FF) RSB A s = L & — i
FRFTCRSAE - WRAE R TR - B
MeE%&S: 80157966

(2) g sy

JEST ffi— (ADACHI  JUN-ICHI)

KL AR B BE IR N & = koL % — ik
LR STREAS - MBS E R EARSE T - AFSER
BH R AT

MoeE&E: 10322629

Q) Wget 1
ks fE— (YAMAZAKT MASAKAZU)

WAL KT « e E R FEIERT - Bh#
et =: 00533465



