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Boundary conditions satisfied by continuum states at the asymptotic region
are essential for the discussion of differential cross sections, and have been a long-standing
obstacle to some L2 methods. To solve this problem, we rely on the so-called two-potential formula
to represent transition moments, and apply the complex basis function (CBF) method to solve the
driven-type Schré&ouml;dinger equation for photoionization differential cross sections.

The K-shell photoionization cross sections of the one-electron uranium cation have been studied
using the inhomogeneous Dirac equation. The total and differential cross sections showed good
agreement with the previous theoretical values and also with experimental values for the neutral
uranium atom, emphasizing the importance of the multipole effect of electromagnetic fields, and
significant effects caused by the small component wave functions. These results demonstrated the
effectiveness of the CBF method in relativistic treatment.



XL C—19. F-19-1, Z2—19 (k@)

1. MRS FI DTS R
BIREBEHGROREDESRIZLY Z DN FROA F AT RV F—I135F —FHEGHIC LY
TFTUHATRBIZ IR o T2, YA A AL L 72D LERITE D, MHR5 T DOk iE% Hartree-Fock
it CITLT 5 SeA A ALBrmfE O FRIL, 1980 ERICIZIFE T2 L722s, M 2R3 3R % aFE
BZERY 9 FHREFIEITRTEHR T, 4 THE % OFFEE L - T ad hoc IZBAFE SN TS,
HEFITRELR E LTRA SN D72, BFHELOFIBECESFHREFEN LAV LT
N EHERZ RN R DOFNTEIARME TH D, — . E— A v MELRKR SN2 BEHEFFIEIL,
B2 B IRRBIC b CTE 228, Moy WE A o Wrims i c& vt oz Lo~
Moo T, AWFIEHRE THAE L 2 ERIEERE (CBF) 1EZME X, MokrmfIaHn c& %
HLOD, HEFOREIZ 50~60 [ b 0K A ME CHEREN TH -7, U

AFFEAREEF L, ZO XD RMEERO b & ARUFERED 5] Z Mk 722012~20154E D H
72 (C) (%) T DORIEFEDOBIIEIC L - T, CBFILZ AW CHGEIRIEDHH A2 B Y 312
(X, EERBWGEERE BT 5 2 ENEE T, O ECOBREZ M X XML fEIRIC I 1 H AR
7 bR, PO BRSO Wi A O FHRIIBEMIC 2 D & TR LT, Ein, BERERESY
Dirac/ N /b k=T AT, StarkZh IS E F D FTRRD R & T T-Ho & DR EY & B v K
(2. CBRIE DMK 0 FE RS D 2 BN R 2 5 LT UTHLIR FIRE & 9 I B & FF 5 72,

2. WHEOHK

(1) A A AL RWTE AL ST T < Moy Wi fE b 5 E FTRE e IO BRI & B 53, FFICCBFILIC
BT, oA A ALWTE AL & ERES D IREVEURAF 0 iR 2 £ OCBFICE £ 2 HUEFR BT L
Tha T2 2 L OBERAIIREIZT 5, ZOBKSTIE, ISHFEICS W TR AR ET 5
BRicH Rk v MTR D,

(2) WEOEWHEMOFHEIZIHWT, CBRETAEIA A b TF ¥ XA R EDLEFIRE
EHEICRBLIT 5 2 L3 ho T, % 2 TCBFIEIZ L 2 WA & 3y W i A0 wh 4y W ifd
a0 T 5EE, () THEBEEEZ LIRS,

(3) BT, T OWNBXHRFEIK DO KBTI HDEAN T > TN D Z &R, (1) ) TR Lz
FIED, HXFROENYS DL EW R % 5 XA~ DILEATREME & 2 O FIMEZ D,

3. WOk

(1) B LT\ A NE 1 RHamiltonianZz H, T 3/LX—0NE,OHFIRIREER &y, KT O AIRENEL
o, BRIBWGAE— A NORBES R D Eus 75 &, A A AbelmiEiL, 7V —v
B 5\ T E DRSSy & F N CLLL T DIREEUR 0 iR o T LD (RFHALR),

0(w) = =2 Im lim < Blu(Ey +© — H + i)~ | by > )
77—)
2
= 4ﬂw<®0|#5(50+w_H)#|¢0> @

c

MRIRRED, & FEBREYS & O EAEAIC LY . T OB IREIBIEICIX, RO driven GERIK) s =
L—F 4 U H—HRBRAOETH S 1 IWESIRERERYORFEE SN D,

(Eo+w—H¥® = puo, ®
@=L, Hylleraas ZURLEIEL  1[P] = (P, (H — E)P) + 2(P, udy) @
DOEGRINT-T A A 7 —HEATH Y (E = Ey + ), TOfE PPt = (E — H) 'ud, = G(E)ud,
S &L IBIBOMAEIIIRAD & 5 ITIRBIEURF o mRIC /2 D, (FflEHITER)

I[TPY] = (@op, (E — H) ™' uby) ®



ZOOKXT (.,.) [XEFOT Ty b EIFRRY T IROEREILBITRS 2, S5 udb, %
FH L L TCOROMLOMEHZID &, (Ey+ o — H)Im[PP] =0 ®

£V 1 REBEEBEIHP P DETIIE = Ey + 0 O FAIETH D, ©FE Y Hylleraas BULEI%K
|2 CBF Zffivy, ZORNITEHEEN LWL « HEMIEOBERE AT A — 2 it 72 2 &3, 1R
B IF O R 2 IR E RN T A — 2 [ZHOWTREILT 2 2 L Th Y, ToRELENnT-
REIE W mAg 2 . EoE R OMIT, 2 OREICIEREEAE 2 5T 1 IEBhE 8By ®
EEFEEICH 25 MR TE D, 2D K T CBF k2 FAWTAERD A A AL O H X
driven #y o L—F ¢ U T — 5 A ARt < RIEBEEEBIECTH D LR TE 5,

UL E DR O MY Z TR D 7o, BifliZekRIRF oIS L, ERI - JEER 7 — = B
BOHHRA L — & —HEGE (cSTO)DHIZ K HE /e R, B8RO NM 7 —n VB OEFET
U ATEGE (cGTO) DHMUZ KD E/N_FEHFH & VD | DD HIETHIEMFEZIT > 72,
Q) E = Ey + wDFIRFENT, (Ax RBEIRTHEL WD, @QXO2WEEOMEITIRED 2 =4

U —BHUTARATF L 22T D BE R & R B D BT WA A A ARy Wi B0 #
RIED A A AMRFEZ DRI 2 WrE A OFmIZ 1T, COERFMBARENTH L, 2D N &
TR RCIRBE AN 7 T B S %(-)c‘:ﬁﬂéﬂélj\]ﬁﬂiﬁiﬁ”’@%é SA B liarEr b SIANGEN
AR D N-1 aa%ﬁﬁiﬁ#ﬁﬁé@*%ﬁu%g%éﬁn RS 2 8@ ma BRI D 5 B A4 FEE 53 AV ER
HARANBIELY, 1 (0, ) D b D% Dy 1, D (E) >EFE L. Z OIREED 22D BIR

6(E - H) = anm |cbnlm(_)(E) >< cDnlm(_)(E)l @
ZQRUITRAT D L, BMREBITIRD X 512, KREOK BTN T - ERNER
o(w) = “"—“’ Tnim < Polpl @i O (B + @) > < @iy (B + @) || @y >

P> —Fefn & L'Ci‘%nﬂézhéo O N B EGHCRE | Dy O (B) >13, BRI
Ty N-1 B HRAFRE R OV 00 k;o%@%ﬁ \mnﬂemf%é1 HLAGEIE B
B3 @ i DFEE SOSFME LT |5 (B) > = AWy 1nPrim) &% L BEIEH| D] 0 (E) >
= E|®) ,,n(E) > %iiii’=7, Z Z TH°X. N7 ¥5% Full-Hamiltonian Hﬁ‘%*HEVFFHTT//'\”
LV & BR 2 0 Yk Hamiltonian HO = H -V (V(r) > 0 (r -» ®)) THD, I >k EB%E
25, Green BI%G ) (E) % f# - 7= ¥k @ Lippmann-Schwinger J7 2

1D O (E) > = [0 p> + COEWD,, > ©
THERSTONEZ LMD, OXFOEBE— AL ME L FOELDTTRAE—(E) L)
< Oy Ol D > = < DY U] Py > + < DY, [VEH by >

ETODOEBITHIOMTRBLIND, ZORXT2HRT v ARk e L, #lx 13 Band &
Freed |25 » THFONMREEDOFEIZHW B, & 51T Hylleraas FUILEIM D2 3 R POPY 5
FNDH G L LTEPZfiolofn, TEOALGLHE 2HIIEEND ¢Pud, ThHDH, DED,
O iE, 1 EFRIH oppn. B R ORWEEOF R TR L T & 72 — BB B BRI Por =
GO ud,d 2 OGBS G TN 5, ()THERLZL 912, WTh b Hylleraas iR
& AWTESNC, D WIdE/EFEE AV CREb U CRHliHE D, LEOMIRE FHET
ED G PEZ T D 120U Hy DIEEF O ERIEE 2 R~ T2,

(3) HIR T DWW TITFR FRAI RN BHE T, £ D 1 EHUE DKy &/ A3 e 2 il £ E

Bl NV T 4 BROZ LD, EONEA ARSI HEE R ER D R AL D FTREME D &
Do FTXDA T ACITHERFEW R OERENE & O AAERNIBRREEIIE X v, £ 2 TQ)
TERAL L7z CBF iEE X OB AITILR L, 7 7 VRO K kioxhicd 5, Z=92 OKFHE
R1IEFRFITISH L, ZOEEZR~ T2, ()OI R & DR E 72E WL, Dirac />~ L K
=T EAND L EEREEN ARSI 2 L @R Tud, 0DV IZa ADyEHWD Z &



METHDH, 22 Tald, Koy & /K5y % Pauli 1781 THE 5~ 4 x 4478 C, BRG DR R LR
TYVXIVA =1, eXp(ik 1) TS ERBH LT 2, CBF JAIC & 2WWi, WAk o 17

wHEBE 2 72020 Y e R T O 2 4 Yk Runge-Kutta fif 12 82ke L, [RIRRS e
Ofift & L i Wi THAERE Y U, WA 7 R 2 5Fl L7z, JREEREERE LTl @yl even-
tempered % STO %, £ 72WM|Z even-tempered 3£$% STO L #3% STO % v 7=,

4. WFERSE £ 1 KRFEF ls—kp F ¥ V RIVDEBE— A F(an).

() #F 1 I3KFEET 1s—kp | 5MED 2p-cSTO DHLEER % R AREAL,

F v v IV DORENEAE E S k Optimized five = R-matrix Log derivative Exact

2p-cSTOs propagation method

W% | AIEEL k(au) T & 12, 04472 0.648160582009 0.6483 0.64684 0.648160582215

5HD 2p-cSTO |2 & E 5 06325 0577908711459 05777 0.57729 0.577908711392
0.7746 0.49707564166  0.4971 0.49673 0.497075641693

BWHRERBHERR L ()DF 08044 0426861644392  0.4267 0.42667 0.426861644400

VT L U C /B A 10000 0368801474387 0.3690 0.36865 0.368801474361
1.0954 0.321180965257 0.3211 0.32109 0.321180965241

— A Maw)DEZTRLTIZ 14832 0281977188329 0.2819 0.28190 0.281977188340

LOT. DRI R 475i5o%f 12649 0249455771109 02495 0.24940 0.249455771134

By O FECHARTYH, IEFICEBETH D, MoMEHET v RV THEBETH -T2,

BAHD cGTO % ffi» CRAED L 2R 720, F D - - —_— GTD |

3+ (D) imaginary part
AR IS/ SN L) TR LRI G L )
oo Tz, BRI 1 OFE TIL cGTO OEAITRET B o
R, Z ZTHIOTEE LTI 7 —wa A R 28 1
D cGTO DM TH/N "REB L EICHBI L2787 o 5 10 15 20 23 % 3 4
Yy VR E AV, RPA AL ST KEG T DT r/Bohr

EENEFAESGHOHE LT T, 1. k=1 (au) D kp 7 —n 2480
112, k=1 (au) D ls—kp F ¥ > F/MIH LT, F/hh | BISK L TE5MED 2p-cGTO Z fx/)h

— ; . - "7 4w bL, 15 @D even-
TIRERICE > TIRE L= 5D 2p-cGTO (2, even- tempered FH 2p-GTO BN L <

tempered 72 1 5 D4 2p-GTO Z B L TRl L72— | 2F{f L 7= — A3 8 I B B Xk o0 1 26
YARBY I BB O & . € ORKMEAR & ol LT, =15 FAR) LIS DEAERE () .

~20 (Bohr) 2 F T, 7 —nm VKA REICRIT 5,

(2) ¥ 212 RPA EIC £ %53 1 B E S 144 (a) parallel (b) perpendicular
GIAR DI =R VX — K7 % Polar plot & L ey e
TEY FCTARECIRE AT AR~
TFEZRT S, ZORRBIL, KAREO kou B 0/ N 7 s %
DEITH. ©0=21.3eV TITHROED p K15, mn. mo.
©=72.6eV TIIRKED f FICET DI LIl \;\ . oo
K% 60T, TRBIE E<HIEL, UHTO S
Cherepkov & DfifMT % Fi T DFER TH D, LA e T
F. CBFIEDmEMIC LV ¥ GTO AJERIEL . X 2. RPA VEIC L B KES T O FEEN

(ZBE O cGTO Z B3 2 Z &2 K 0o A4 %ﬁf IO o (eV) (75:%31?\/1/&?*—)

- 44 ﬁ‘:{" . (a), (b)IE5T il 3 | e(ﬂ;’i@j“
* TR AN
LR £ COFHRE AR 2 R L, 4% 0O /\ﬂi ekt LC AR, AT

FEROBPNY ZH N, (ZHEm LT D,




(3) 1 312 Z=92 DAFERIFE 1D w =279 keVIZE T 5YOOEEIL BRSO 28 Uiz, FJE
BAAREBIC X 2 Imyp D (Im CBF )iE, #fEf#(Exact) & R FHEIK TR —H L Wb, F7=, /Iy
DIRMETX RS D 30% (28725,

(a) Large component (b) Small component

0.2
0.15
0.1
0.05
0
-0.05 0
0.1
-0.15

-0.2
r (bohr) r (bohr)

——ReCBF ——Im CBF - - -ReExact - - -Im exact ——ReCBF ——Im CBF - - -ReExact - - -Im Exact

(3. U (Zxbhind™ 5 Z=92 DK FEEIE - Dw = 279 keV 12351 D 1sy/y = kpsj T ¥ /LD —RKAEH)
BEREAEL () KAksr. (b) /bAkSy

B 413 w=279keVIZEIT5H U D KBHA A 12
1.0 7N
ARG BT AE A 9728, F & OfE(This work) i3 %0.8 /
@ﬁUE%@%ﬁﬁWImnELiéﬁﬁ1mk 206
S04

b L~ LTz, WaWrimEOMmAR AT Lo & 02
7)) 1227 oML, ZOmERLX o0 0 30 60 20 120 150 180
=Tl T BHE T~ OEB RBATHEEIC 0 (degree)
72 % 7 &)T E‘ﬁﬁiﬁ,] j:ﬁ%x\‘éﬁ 7L£ Lorentz j] 0) —This work ——Pratt Experimental — Nonrelativistic

BLERRTE 5. T OIS BT, WL g‘é H;FT—%O):II;(ZS ;:ijf; ‘H;%ZGVUQ%E

PN 72 FEAH b (Nonrelativistic) TIX R B TE 72 | o EED 35 L OV U 7 00 E5R il (FH
. 2ol BREOSEEHE, SR | HED Y OREAE b LHLTE,
BOEEM 2 Lz, RO TS CBF IEOF MM R S, SBOBREBHFIND,
Z O, ICN 23+ DAY RHREUSIZE D BTN R 2RISR L. 1980 {0
ODARMADEE ThH o7z, AW CN OEIEAHEN. N ORI S UERL /3 4 L P(F1=N+1/2)/P(F=N-
1/2)75, N & & BITIREN T 2R A, BLOMERZDEBE— A MIBERTDOHTHD & I
72 SA('TL) FhEDIRRENBAEE 02 o RV IR D T2 012, 2ARD 15-20%F2FE & O SFATRL57 DRI
REAFEOZ & TOFATHA N AERY CN OZERIELN %2 EMICHE T 272 0ICHETH D =
L REEHLMNI LT, AL E COT*EINL 70572 % La(COT), S8R D JeE T A=Y

MVZEFENT L. Ln O 4 &1 & BT & OAZHA A O EEM A BRI LT,

FIMFRE OEEIE, R EAEREG, R FPuEBERm g L. WG
BTa 7T AwHFE L, 2O 07 D EAER R D IENECE D fRHT 715 % B %
LTco KT TAZ—IZBWTC BHED FIOORBELEZOHBIELHICEAL. 7 FAZ—D
ZEME KFERES OIREET KT 25 2.5 3 B T O F 5 A ERIICRELT 2 2 LTl LTz,

235 3CHK [1] C. W. McCurdy et al., Phys. Rev.A 35, 657 (1987). [2] I. A. Ivanov et al., Phys. Rev. A 69
023407 (2004). [3] M. Brosolo et.al., Chem. Phys. 159, 185 (1992). [4] Z. Sujkowski, Ark. Fys.20, 269
(1961). [5] R. H. Pratt et al., Phys. Rev. 134, A898 (1964).




9 9 2 4

Tapas K. Ghosh, Satoshi Yabushita 9

Ab initio investigation on the I100Br isomers and reaction pathways of the 10+BrO Reaction 2019

International Journal of Research in Chemistry and Environment (1JRCE) 1-9
DOl

Furuhashi Naoto Yabushita Satoshi -

K-shell photoionization cross sections of one-electron uranium cation by relativistic complex 2020

basis function method

Journal of Physics B: Atomic, Molecular and Optical Physics -
DOl

DOI: 10.1088/1361-6455/ab7fc0

Kashimura Tatsuhiko Ikezaki Tomoya Ohta Yusuke Yabushita Satoshi 40

Potential energy surfaces and nonadiabatic transitions in the asymptotic regions of ICN 2018

photodissociation to study the interference effects in the F1 and F2 spin- rotation levels of

the CN products

Journal of Computational Chemistry 482-499
DOl

DOI: 10.1002/jcc.25736

Kashimura Tatsuhiko Yabushita Satoshi 123

Importance of the Parallel Component of the Transition Moments to the 1M1 (5A%) and 3M 1 (3A%) 2019

Excited States of ICN in the A-Band Photodissociation

The Journal of Physical Chemistry A 4000 4013

DOl
DO1:10.1021/acs.jpca.9b01127




Matsuzaki Rei Yabushita Satoshi

38

Calculation of photoionization differential cross sections using complex Gauss-type orbitals 2017

Journal of Computational Chemistry 2030-2040
DOl

DOI: 10.1002/jcc.24848

Erika Nakajo, Tomohide Masuda, and Satoshi Yabushita 120

Theoretical Study on the Photoelectron Spectra of Ln(COT)2-: Lanthanide Dependence of the 2016

Metal-Ligand Interaction

Journal of Physical Chemistry, A 9529-9544
DOl

10.1021/acs. jpca.6b10930

Rei Matsuzaki, Satoshi Yabushita 38

Optimization of complex Slater-type functions with analytic derivative methods for describing 2017

photoionization differential cross sections

Journal of Computational Chemistry 910-925
DOl

10.1002/jcc.24766

Nakajo Erika Yabushita Satoshi 678

Theoretical study on the anion photoelectron spectra of Ln(COT) 2- including the spin-orbit 2017

effects

Chemical Physics Letters 259 264

DOl
10.1016/j .cplett.2017.04.049




Suehiro lwata, Dai Akase, Misako Aida, Sotiris Xantheas 18

Electronic origin of the dependence of hydrogen bond strengths on nearest-neighbor and next- 2016
nearest-neighbor-hydrogen bonds in polyhedral water clusters, (H20)n, n=8, 20 and 24.

pCCP 19746-19756

DOl
10.1039/c6cp02487d

45 9 13

13

2019

ICN

13

2019

ROH OH

13

2019




Satoshi Yabushita, Tatsuhiko Kashimura

Quantum Interference Effects in ICN photodissociation reaction

Ninth conference of the Asia-Pacific Associaton of Theoretical and Computational Chemists (APATCC2019)

2019

Naoto Furuhashi, Satoshi Yabushita

Relativistic effects in the K-shell photoionization differential cross sections of heavy elements with the complex basis
function method

Ninth conference of the Asia-Pacific Associaton of Theoretical and Computational Chemists (APATCC2019)

2019

Satoshi Yabushita

Theoretical studies of photon-molecule interactions

Taiwan-Japan Workshop on Theoretical Chemistry

2019

Iwata Suehiro

Strictly Local MO for Weak Molecular Interaction

Configuration Interaction: Computational Chemistry in Sao Paulo

2019




Cube Na+(H20)7 CI-(H20)7 -

13

2019

counterpoise

13

2019

Keigo Suzuki, Konato Kuroki, Zenitsubo Narumi, Yoshinobu Gondoh, Tomohiro Hashimoto, Suehiro lwata

Theoretical study on NaCl-water clusters: NaCl(H20)n (n=1, 8)

13

2019

1. BSSE o8I CBI 2. 2 3

1QCE

2019




Iwata Suehiro

Perturbation Theory based on Absolutely Localized MO for Weak Molecular Interaction

Workshop on computational molecular science

2019

ICN A

12

2018

T g+t U

12

2018

ROH...Y OH

99

2019




Satoshi Yabushita, Tatsuhiko Kashimura, Takahide Matsuoka

Theoretical study of quantum interference effects in photodissociation reactions

7th JCS SYMPOSIUM

2018

12

2018

ROH OH

12

2018

12

2018




Masafumi Tsuyuki, Shunki Furudate, Yuto Kugaya, Satoshi Yabushita,

Graphical and cDFT approaches to the study of fundamental and overtone absorption intensities of some OH stretching
vibrations

59th Sanibel Symposium

2019

Suehiro lwata

Hydrogen Bonds in Water Clusters (H20)8 and (H20)12: Importance of the Second and Third Neighbor Hydrogen Bonds

Energy Landscape 2018, Hotel Elite City, Kalamata, Greece

2018

12

2018

-; Na+(H20)6

12

2018




Prism Br-(H20)5 H20

12

2018

12

2018

Keigo Suzuki, Konato Kuroki, Zenitsubo Narumi, Yoshinobu Gondoh, Tomohiro Hashimoto, Suehiro lwata

Theoretical study on NaCl-water clusters: NaCl(H20)n (n=1-8)

99

2019

Satoshi Yabushita

Hypersensitive transitions and metal-ligand interactions in lanthanide complexes

International Symposium for Theoretical Design of Materials with Innovative Functions Based on Element Strategy and
Relativistic Electronic Theory, Tokyo Metropolitan University, Hachioji, Tokyo.

2017




Satoshi Yabushita

Photoionization Cross Sections and Resonance State Energies with Optimized Complex Basis Functions

APCTCC8 (the eighth Asia-Pacific Conference of Theoretical and Computational Chemistry), 1T Bombay, Mumbai, India

2017

20

2017

Ln(COT)2-

20

2017

Tatsuhiko Kashimura, Tomoya lkezaki, Yusuke Ohta, and Satoshi Yabushita

Theoretical study on the non-statistical F1/F2 rotational fine structure level distribution in the A-band ICN
photodissociation

34th International Symposium on Free Radicals, Aug27-Sep 1,2017, Hayama, Japan

2017




11

2017

11

2017

11

2017

T. Kashimura, T. lkezaki, Y. Ohta, S. Yabushita

Non-statistical F1/F2 rotational distribution of the CN fragments derived from the A-band photodissociation of ICN

32nd symposium on chemical kinetics and dynamics

2016




Ln(COT)2

10

2016

GTO

10

2016

10

2016

OH

10

2016




Satoshi Yabushital, Matsuoka Takahidel, and Tatsuhiko Kashimural

Quantum Interference Effects in Simple Photodissociation Reactions

Stereodynamics 2016

2016

12
97

2017

ICN A CN F1/F2
97

2017
(H20)  (H20)

10

2016




10

2016

LPMO PT Fused cube 12

10

2016

https://kris.keio.ac. jp/html/100011672_ja.htmlk=%E8%97%AA%NEA%BB%SBUEB%B1%AL#1tem_koara_2

(Publication List, Review List)
http://home.n08. itscom.net/iwatasue/

(lwata Suehiro)

(20087505) (32612)




