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Analysis of hyperfine coupling constant based on Dirac theory

—enhancement phenomenon of relativistic effect in outer orbitals—
oAyaki Sunaga, Minori Abe, Masahiko Hada
Department of Chemistry, Tokyo Metropolitan University, Japan

[ Abstract] Relativistic contraction, which contributes to HyperFine Coupling Constant
(HFCC), is generally understood as the contraction of atomic inner s and p orbitals. In this work,
we find the relativistic effect of HFCC is more enhanced in the outer orbitals than the 1s orbital.
We show the relativistic effect of the 2s-6s orbitals are significantly larger than that of the 1s
orbital by analyzing the Dirac and Schrodinger solutions of Hydrogen-like atoms. We explain
this is due to the dependence of the principal quantum number n underneath N,-term in the
Dirac solution. Moreover, we find that the same relativistic effects also arise in the HFCC in
multi-electronic atoms (Nd and Au cations).
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Can the Gaussian-type orbital describe the relativistic calculation well?
Kazuhiro Ishida (No affiliation)

Abstract The relativistic effect is important especially to describe the magnetic
resonance spectroscopy. We extend the Kutzelnigg theory and try to solve the
relativistic and gauge invariant Dirac equation for the hydrogen atom with using the
Foldy-Wouthuysen transformation. On the way for calculating the relativistic quantities,
we use the Gaussian-type orbitals in addition to the Slater-type orbital for our aim to
apply our theory to molecules and have reached to the title doubt.

Introduction The relativistic usual Dirac equation for the hydrogen atom can be
extended to that for including the vector potential of the proton source. The extended
Dirac equation is gauge invariant as shown by Sun et al. [1]. However, the gauge
invariant Dirac equation has not been solved yet. We try to solve it numerically with
using the Foldy-Wouthuysen transformation. We extend the formulation by Kutzelnigg
[2] to that for including the vector potential.

Theory The extension of the Kutzelnigg theory can be done as follows: First we extend

the momentum B to 7 =T3+eﬂ, so that the gauge invariant Dirac equation is given

~ o~

by HyV¥ = E&, where I—~ID = mc2ﬂ+c5-?£+v (1), in which the 4 x4 matrices are

— ~ 1 0 -
givenby o = 9 ZJ ,and g = (0 J. The o are the 2x2 Pauli spin matrices and
o _

1 is the 2x2 unit matrix. The ¢=137.035999139 (the speed of light), V is the scalar

—

potential and A is the vector potential of the proton source. Applying the

Foldy-Wouthuysen transformation given by VVFW :VVaVVb to the Dirac Hamiltonian,

~ ~ ~ o~ o~ [+ - _ ( *
we have W, *W, *H WW, = L 9 (2), where W, = .1. X and
0 L X 1
- 14+ X *X) V2 . . :
W, = -+ ) ~9 ., |- To set the off-diagonal matrix of the Dirac
0 L+ XX*)"

equation be zero, the matrix X must be satisfied the following equation:



2me?X =co ez +VX — XV — XcoezX  (3).
Instead of solving Eq. (3), we use a perturbation expansion given by

X =cH (X, +C?X, +C*X, +eee) where X, =(l/2m)cer (4).

The other quantities can be given by

L =mc?+ L, +c2L; +c L, +eee where L; =H, (5),and

E=mc2+E,+C2E,+C“E, +eee Where E, =<4, |L: |4, >=<d, |H,|d, > (6).

Results To calculate quantities defined by Eq. (6), we use the finite nucleus model to
avoid the divergent integrals arising in them.

Table 1 Results for the hydrogen atom with using the STO-NG expansion of the 1s-Slater-type
orbital, @,, and with using the finite nucleus models

The value of (1/4m?c®)< ¢, |ice(pV x A+AV x p)|d, >

For SSCDD model For HCDD model For GCDD model
N Value Rel. error Value Rel. error  Value Rel. error
12 0.1990(-2) 0.203(-1) -0.1471(-6) 0.854 -0.1469(-6)  0.855
18  0.2022(-2) 0.485(-2) -0.2040(-6) 0.797  -0.2032(-6)  0.799
24 0.2029(-2) 0.134(-2) -0.2532(-6) 0.748  -0.2507(-6)  0.752
30 0.2031(-2) 0.365(-3) -0.2978(-6) 0.704  -0.2906(-6)  0.713
o 0.2032(-2) -0.1005(-5) -0.1012(-5)
The value with using the 1s-Slater orbital is denoted by N =o0.
The STO-30G gives only half significant figures for the GCDD model, in spite of that it
gives 15 significant figures for the two-center Coulomb integral. This is the example of

the worst precision among all of <, |(1/c?) L} |4, > and <, |(@/c*) L} |4, >.

The other results and the discussion will be shown in the slide.

Conclusion We conclude that the Gaussian-type orbital can not describe the relativistic
calculation well, especially for quantities such as the divergent integrals which are
arising in our theory for calculating the magnetic resonance spectroscopy.

[1] W-M Sun, X-S Chen, X-F Lii, and F. Wang, Phys. Rev. A82, 012107 (2010)

[2] W. Kutzelnigg in “Relativistic electronic structure theory” Part 1, edited by P. Schwerdtfeger,
(Elsevier Amsterdam 2002) pp.664.
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Development of Efficient Two-component Relativistic
Density Functional Theory using Local Unitary Transformation Scheme
oTakuro Oyama', Masao Hayami !, Yasuhiro Ikabata 2, Junji Seino 2, Hiromi Nakai'*
! Department of Chemistry and Biochemistry, School of Advanced Science and Engineering,
Waseda University, Japan
2 Research Institute for Science and Engineering, Waseda University, Japan
3 CREST, Japan Science and Technology Agency, Japan
* Elements Strategy Initiative for Catalysts and Batteries (ESICB), Kyoto University, Japan

[ Abstract]

A relativistic treatment is required in order to realize quantum chemical calculations of the
systems containing heavy atoms with high accuracy. We have developed the accurate and
efficient procedure within the framework of wavefunction theory based on the local unitary
transformation (LUT) method. In the case of density functional theory (DFT), the picture
change (PC) of density between four-component and two-component relativistic methods
should be considered. However, widely used packages for quantum chemical calculations do
not treat the PC of the electron density. Hence, we have proposed an accurate and efficient
two-component DFT with the PC correction for electron density and density gradient based
on the infinite-order Douglas-Kroll-Hess and LUT methods. With this implementation,
generalized gradient approximation and hybrid functionals can be used in two-component
relativistic DFT with accuracy equivalent to the four-component method.
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ZOI, =2 ) — R D FERRNIE 2 x MAZHBI L (n (ZFEIEBEER. M 1T
7'y RO, FEEFMARE VD, £ 2 TAHZE T, §HE O PC 2 RITH T
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[ ]
fir 7 A J& + @  Table 1. Exchange-correlation energies of noble gas atoms (in hartree).
BLYP #Z#atHRg— x  Differences from 4c are shown in parentheses.

NX—EEFE LT, atom NR Wlo PCC w/ PCC 4c

A AR FIR T A He  —1.0681 (0.0001) —1.0683(—0.0001) —1.0682(0.0000) — 1.0682
L. NIV b=T Ne —12.5209 (0.0172) —12.5466(—0.0085) —12.5381(0.0000) — 12.5381
X IODKH J£I12 LV Ar  —30.8932 (0.1394) —31.0836(—0.0510) —31.0326 (0.0000) —31.0326
25ia 7. HUE RS Kr  —95.5723 (1.4654) —97.4684(—0.4307) —97.0376 (0.0001) —97.0377

/% Sapporo-(DKH3-) Xe —181.7780 (6.0500) —189.3929(—1.5649) — 187.8273 (0.0007) — 187.8280
DZP2012 % 7= Rn  —392.1042 (32.4368) —432.7367(—8.1956) —424.5356 (0.0054) —424.5410
Table 1 |Z/R73@ 1 .
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DFT (4c) (21 % #5E05 K& 1, PC 127"
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SCF (57%)

DFT Ti%. # KT hartree 4 — & —D7#% ©.1%) i?g%/ra;l
DS TW5D, —J5, PC MilEH Y (w/ SCF (78%) ’
PCC)TlE. 4c [T THWFER D
i,

eV THIALIKRSE 10 BARDFHRRERH %
WAL L7z, Fig. 112 LUT &MV =pc  BUTPCCE910s) 4c (40439's)
I (LUT-PCC) & 4c D FH RN 22 71 Fig. 1. Computational time of LUT-PCC and 4c.
T AW AZHAHBRULES % T SVWN T
& %, LUT-PCC IZ LV 4c 7D OFHERFR OB A ik S 7z, £72,PCC & LUT-PCC
DARHFARE = % )L ¥ — D 71X 0.04 mhartree TH - 7=, AAFZEIC LD . 4 o fExm &
[FIFREE OREEE T d 2 FEH) 72 2 By i) DFT GHENEBL L2 L R D,
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Electron Excitation Dynamics in Molecules Described by Valence-Bond
Coupled Localized Electron Wave Packets

(OKoji Ando
Department of Information and Sciences, Tokyo Woman's Christian University, Japan

[Abstract] Electron excitation dynamics induced by an intense laser pulse is studied with a
model of localized Gaussian wave packets (WPs) with variable position and width (floating
and breathing) spin-coupled as per the non-orthogonal valence-bond theory [1, 2]. The model
has been demonstrated to produce reasonably accurate ground and excited states potential
energy surfaces of small molecules such as LiH with the minimal number of WPs, i.e., one
WP per electron [3]. In particular, semi-quantitative excitation energies were obtained not
from the conventional configuration-interaction calculation but from quantizing the motion of
localized electron WPs. In this work, we extend the study to compute the high-harmonic
generation (HHG) spectra induced by an intense laser pulse [4]. A simple semiquantal WP
dynamics calculation and more elaborate calculations of various levels are compared to
elucidate the origin of plateau and cut-off observed in the HHG spectra.

(fP)] EHREXR ANV AIZ LB 5 FNEBTIEX A F I 7 A2ERKETYIalb—MT
% 7=\, A likE & RENFRIEZ A U7z, k0 EHIREBHEER T, H+ EICEE
SNFEFIERAREZRE L U, &1 F 3 27 ZFHBEITB W IR RN 2 R R
bt B DASEPITH > 7. TR U 1, k& TEE) (floating) X, i
HiEH Al £ (breathing) & 9 % Gauss B R 2 FEK & U, & Flif & (Valence-
Bond, VB) 2 X W AV VKA S EAEETLOABEMZERL TWS[14]. Zh
FTIZ, BREEORERERT VY Y IVIA VX —HAESND Z & [2], KR EE
ZETAATEZLICE > THERERT VY Yy VTR ILF—HE EERBMIZES N
H5ZL[3]ZmRUTE. SN, WIVAEZIZX > TEFHAEFH ZHEL, DN
R~ I ) A S = S 4 (High Harmonic Generation, HHG) AR 27 h L %
FHEUZ[4]. IR E XA FI 72 e, FOEBELRHE L 2L,
HHG ARZ MVIZHO6ND T T b=y b A T DRFIZDONVWTEET 3.

(Gik (fEm) ) BEIEEHUE, MR E A VBB Z KAFME L 725 D
T, 2B EEED & 5 7 Gauss TR D EREZ H WA . A VEIL, Wb b



Perfect-Pairing B1 D B —fil&# & U 7z (S EOFHENR & U7z LiH 23 FI2 DWW T t)
THHILZMRALTWS). LIHTIE, LD 2s BFIZHY T HHEIET RV F—
il % Xfl 9 5 DT, MEFOVFIGED FTO—EFXAF I T A%FHAE LT

(FEER e EZRIM 1 O EBIZL —F — OV ZIE, FBIZ IR O di & liE o Y & 71,58
ERT.IEENRMREIZL C X288, A A VLU TR EDZGAEDHRIO L =
Wl BTN % DB 2 W7z, X 2 1%, SR EEEE D 7 — ) T 5
FHHE U7 HHG ARZ bV TH 5. gD 7= 8, KRR A7 id & [ AH F/E /¥ (TD-
CASCI)IZ L 2 FERBIH R Uz, SEIOEER FHEATIE, Wbwbd7I h—2 vy b
F T DB ZZHS, 100 RO il £ CHBIR CTREZ RTIRAFEWVIEHEL TV
5. BAE, —ETEBICB T 2B TEINFERE, BLOEE FHRREEKE TS50 —
LY MREEREFEDE Y TANVOEHAEZED TWS . T ZBEBERIZ EIF5Z 212k
D, B THIRCLEFIROMELMAT LI L2 HIET.
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-2 Li 2s (bound)

Li 2s (ionizing)
-4 LiH TD-CASCI
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width ——
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width

'
(6]

WP variables (bohr)
o (6]
=
logyglIntensity] (arb. units)
© o
e
—

L
o
L
N

0 10 20 30 40 50 60 70 80 90 100
15 harmonic order
0 5 10 15 . ) . .
time (fs) Fig. 2: Fourier transform of the dipole
acceleration that gives the HHG spectra.

Fig. 1: Trajectories of the wave packet center and
width induced by the pulse laser field displayed
in the upper panel.

(2% k)
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[31 KA, J. Chem. Phys. 144, 124109 (2016).
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Time-dependent coupled-cluster method for intense-laser driven
multielectron dynamics

oTakeshi Sato'?, Himadri Pathak®, Kenichi L. Ishikawa®"'
! Photon Science Center, The University of Tokyo, Japan
? Department of Nuclear Engineering and Management, The University of Tokyo, Japan

[Abstract] Time-dependent coupled-cluster (TD-CC) method with timely varying orbital
functions is formulated for multielectron dynamics in intense laser fields. The TD-CC method
provides polynomial-cost-scaling and size-extensive series of approximations which rapidly
converge to the limit of multiconfiguration time-dependent Hartree-Fock (MCTDHF) method.
Equations of motion for CC amplitudes and orbital functions are successfully derived based on
the time-dependent variational principle with manifestly real CC action functional, both for
standard CC ansatz and Brueckner ansatz. Real-time/real-space TD-CC code with up to triple
excitation amplitudes are developed, and used for application to intense laser-driven
multielectron dynamics in atoms and molecules.

FEIRMERE D FRBER 2 e TR, B SV A SR LR 215 ) U 7= iR S G R -
7 NBEFENIEE L, FTLOEBIH - SIE o REEEZE R L CTHEREZED TN S,
Lo, BE VA « ERE L — —EZRIIWE O S C L EERE, BB O
@@%&ﬁ%%ﬁ@#étb,%%@@Ti%@%ﬁ%%ﬂ#@@f%bn%%ﬁ
TEIDH HREELRME - IR FEDRAIRTHS.

AR KRG FEIR C O ERES & W E OF BEAERNIIRE KT Y = L —F ¢ T — 2
X (TDSE) (2 L » THsRkIZREIR S5 03, 2% 1 TDSE # B < Z L IIRAIRETH
5.k, Ah—B Ll (SAE) RCFREfF/ N— Y — - 74 v 75 (TDHF) , I
%@T%fm&&&(nmmvﬁkﬁ%w%hf%t.b@b&m%wmﬂﬁmmT
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7%%&¢L%é$@ﬁ%%ﬁﬁ%%ﬁﬂ~kv~-7xy&(Mmmmﬂ%f%é
[1,2]. MCTDHF A& IZRAORCERFEAEH (CD) FEEPEEIc o<

()= D By = (Co+ Cot Gyt Gyt o) D

I
2T IME R e DIE LD AL —F — (TR TH Y, AR & N —
MU — - Ty 7 BRSO, E BT 5B TR (C) , BT &), =
TEAE (C5) DX DI/ L TV 5. MCTDHF #1340 DFtik T4 N B
ETEDDE ixn&@%ﬁ_go% FRBRERIL(C, ) & BB B, } 00 W 5 2 IR i %8 J
&4 %. MCTDHF EORIBEAITE TR N 1 UTEHE = 2 AN BIE A H R
BEThHD. B=bixs @Wﬁ%ﬁw¢ét IZ TD-CASSCF J5[3]%° TD-ORMAS i%
[4)EPESHT LWEHR FIEZBRE L, (ERARARERE 272 BT ROMEMHR Y I 2 L —
varEABIZLTE S, 6]



LML, BB 2 HE a2 SN KR5%EE CLIEZRE, BEEZ2FTHY)- 72 CI JE)
BB KA FEITWTR Y T XEFEEO XM EWOREZRZTWD. =
AU D BB D1 ZEHBERENSILTHZ L 2EBWRL, 7774 7ETB X
Z 10U, ETHEHET D EE 2 BN TWAD, BURTIX 10 B A T 2 7 ADKEEF
BRI N, BEERFEBROL NIV ZE LR DRS00 Ik L TiThi
TW5D., LW RERREWD Z L DOTE DY A REF G 72 REMKTF SRR N L E T
b5, I TAMETIIRAUCE S FEMKFRE G 7 7 A% —#5 (TD-CC) % BH¥s
T 5.

lI](t) — eT (Dref — eTo+T1+T2+T3 @ref

CC WEBITs 7 A X —HEFTORRZITBY > THH A XBFETHDH LWV D
FZLWRFME R D, BRI W EERBE EMEE o REEDRES D, &6
\Z MCTDHF ¥ & [FIFRICHLE HRFEIRE SE 5 2 & T, il - BERINEZ FIROBLE
BLOMEREEE 7O TRIRTE 5.

TD-CC Fam O EBEL /2 JeATHIZRIC Kvaal 12 X AHEEARRKERES 7 7 A% —1k
N V[T, bBEHER B FREOLIRY ANTZEENRESNLTWHDEN, I oL
—3a VOHIE LR D ERIREEZRD D Z LN TER, ENEEE TR A
AT MCTDHF JEIZILE L7gn E W o T FARR 72 A R LTV 5. & 2 TR
TIIFHME CC 777 27 NS FMRFE SR B 2 58 i e LTRA L, i
AR & WE BRSO - T R X JER) H R R A E N U, & S ICHERER 7 ansatz B LY
Brueckner ansatz (22T = £ THD At 7= FEEFRE - 225/ TD-CC & = —
RZBRR L7, s CIIERME RICESAZEWTHRAL, BY - B2 mm
G A~DISH /BT 5.
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Extended multiconfiguration theory applied to H,"

oErik Lotstedt, Tsuyoshi Kato, Kaoru Yamanouchi
Department of Chemistry, School of Science, The University of Tokyo, Japan

[Abstract] The extended multiconfiguration time-dependent Hartree-Fock (Ex-MCTDHF)
method is applied to the simulation of strong field-induced dissociation of a hydrogen molecular
ion. In the Ex-MCTDHF method, the total electro-protonic wave function is written as a sum
of products of electronic and protonic time-dependent wave functions. Differently from the
commonly adopted Born-Oppenheimer (BO) approximation, the electronic wave functions
have no parametric dependence on the internuclear distance. It is shown that the Ex-MCTDHF
method is well suited to describe not only laser-induced ionization of H>" but also laser-induced
dissociation of Ho" into H + H* fragments and vibrational excitations in bound Hz*. The results
obtained by the Ex-MCTDHF method are compared with those obtained by solving the time-
dependent Schrodinger equation directly on a three-dimensional grid and with those obtained
with the BO approximation.

[Introduction] The standard theoretical method to simulate molecules exposed to an intense
laser pulse is the Born-Oppenheimer (BO) approximation, in which the total time-dependent
wave function ¥ is expanded as

VIR = ) tn(ROPu(Ti R). @

In Eq. (1), R denotes the collective coordinate of the nuclei in the molecule, r denotes the
electronic coordinates, x,(R,t) is the n-th time-dependent nuclear wave function (n =
1,2,..,K),and ¢,(r; R) isthe n-th electronic wave function that depends parametrically on
R. However, for polyatomic molecules having many vibrational degrees of freedom, it would
be a formidable task to compute the electronic states ¢, (r; R) at each value of R.
Furthermore, when we simulate an ionization process, we need to include continuum electronic
functions ¢.(r; R) having an excess energy ¢ in the expansion in Eq. (1), which the BO
approximation could not accommodate appropriately.
An alternative ansatz for the total time-dependent wave function is [1],

YR = ) n(R OG0, @

where the electronic wave functions ¢, (r,t) dependontime t, butdo notdependon R. The
time-dependence of ¢,(r,t) means that the electronic wave functions can vary their
amplitude in response to the laser pulse, which facilitates the simulation of ionization. In
addition, it is unnecessary to prepare a set of electronic states at each value of R. The MCTDHF
method based on the ansatz (2) is referred to as the Ex-MCTDHF method [1], because it is a
variation of the original MCTDHF method [2,3] extended so that it can include nuclear motion.

[Methods] We apply the Ex-MCTDHF method to the simulation of H2" exposed to an intense
laser pulse. In the case of H>", we have R =R in Eq. (2), with R being the internuclear
distance, and r = (p, z) is the cylindrical coordinates of the electron. Both the molecular axis



and the electric field vector of the laser pulse are assumed to be parallel to the z-axis. In the
Ex-MCTDHF method, the equations of motion satisfied by y,(R,t) and ¢,(p,zt) are
derived from the time-dependent variational principle. Orthonormality (¢, |¢$,,) = &, Of the
electronic wave functions is added as a constraint.

For comparison, we also carried out simulations by the BO approximation [Eqg. (1)] as well
as by a 3D grid method, where the time-dependent Schrédinger equation is solved directly on
a 3D grid. In the BO method, the ground 1scgy and the first excited 2poy electronic states of Ho*
were adopted in the expansion of the wave functions.

(b) Ex-MCTDHF

0 5101520253035 0 5101520253035 0 5101520253035 0 5101520253035
time [fs] time [fs] time [fs] time [fs]

Fig. 1. Protonic density D(R,t) = R%[ pdpz|¥ (p,z,R,t)|?> for H,* exposed to an intense laser pulse. Results
obtained with the Ex-MCTDHF method with (a) K =1 and (b) K = 10. (¢) Results obtained within the BO
approximation. (d) Results obtained with the direct grid method. The time variation of the laser field is indicated
with a green line in (a).

[Results and Discussion] The result of a simulation of H,* exposed to a laser pulse with the
wavelength of 400 nm, the total pulse width of 13 fs and the peak intensity of 5x10'* W/cm? is
shown in Fig. 1. We can see that the Ex-MCTDHF method with only one configuration (K =
1) does not reproduce the bifurcation of the vibrational wave packet into a dissociating
component in which the average value (R) of the internuclear distance increases with
increasing time and a component representing vibrational excitation for which (R) oscillates
within the molecular domain. When K is increased to K = 10 a good agreement is reached
between the results obtained by the Ex-MCTDHF method and those obtained by the 3D grid
method, which is consistent with the earlier studies in which the motion of an electron was
restricted to one dimension [4]. By comparing Fig. 1(c) and Fig. 1(d), we can see that the results
obtained by the BO method with K = 2 and those obtained by the 3D grid method are in good
agreement with each other.

In order to further assess the performance of the Ex-MCTDHF method, we also calculated
the total ionization probability Pion of Ho™ for the same laser pulse as used in the simulation
shown in Fig 1. We obtain Pion(EX-MCTDHF) ~ 0.19, which agrees well with Pion(3D grid) ~
0.17 obtained by the 3D grid method. It should be noted that ionization cannot be described by
the BO approximation, and consequently, Pion cannot be calculated in the BO approximation.

In summary, we showed that the Ex-MCTDHF method can be used to simulate both
dissociation and ionization of molecules induced by an intense laser pulse.
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Investigation for mutual effect between light and electron system:
Excitation dynamics of electronic states dressed up in an optical near field

oTakashi Takeuchi, Katsuyuki Nobusada
Department of Theoretical and Computational Molecular Science,
Institute for Molecular Science, Japan

[Abstract] A finite quantum system exposed to an intense laser field reforms itself as new
guantum states referred to as dressed states in which matter and light are strongly coupled,
generating additional energy levels. Previous theoretical studies dealing with the dressed
states have taken into account the interaction between quantum systems and incident external
laser fields. Recent studies, however, reveals that a quantum system strongly interacting with
a light induces an optical near field which is an enhanced electromagnetic field created by the
polarization in the system and locally modifies the incident external filed. In this paper, the
dressed states exposed to both an incident external field and an optical near field have been
investigated by the semi-classical approach based on the Maxwell-Schrédinger equations. We
have observed that the optical near field significantly influences the dressed states, generating
new energy levels that differ from ones obtained by the conventional theory without optical
near fields.

(ﬁl%ﬁﬁv~ﬁﬁ (RS SN B T RIT. HOKREMS TFT- /K TRV L
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— YL OHEBR L, FL X MREBIZODCRERTO TOREN S L —F 57 2 B E
WL« fit L7z = r 3 — Eu%ﬁo

—Ji. BETFRPL—PHICRE SNSRI T, & FRIEHICRIET 2 EMYS [T
B | DRIRRICHRAET D 2 ENM LTV A[2], TG I E RO RATH i
EL\A%VH%%%%Eﬁéo%@tw\ﬁﬁ%@%ﬁmﬁﬁmiw\%%%®%
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HER & 1T R D = p VX —YEN A Y | Z ORI OFEO R/ L ZH)T
HZ EBHLMNTZ LT,

[GEE] z M BHEAZ RO 1 IRTROBE BT 25 L35, ZOH—
Ex. L= W T, LU Schrodinger FEERIC L v itih D,

oy 1 ) ?
h— = ih——-gA \Y 1
Ui Zm( n— q:)w+qu+ 7 1)
T R RVRT VX AROAD T RT ¥ X )vpld Lorentz 57— VIZHE 5
k?é
Vﬂﬁ%ﬁiyﬁ%%%ﬁﬁélk kY. RSN AET D, Z Oy
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without an optical near field.
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Geometry change in configuration space and quantum wavepacket
dynamics

oSatoshi Takahashi!, Kazuo Takatsuka?
! Graduate School of Arts and Sciences, The University of Tokyo, Japan
2 Fukui Institute for Fundamental Chemistry, Kyoto University, Japan

[Abstract] We refine the Action Decomposed Function (ADF) theory, the performance of
which has already been proved to be satisfactory in tracking multidimensional wavepacket
component carried along with a classical trajectory. In our formulation, wavepacket dynamics
was revealed to be described with the operations of (i) the momentum gradient term related to
the geometry change of configuration space region close to a reference trajectory and (ii) the
quantum diffusion term with the Planck constant in it. Both of these terms are derived in the
Trotter decomposition of the time evolution operator. The next level should include considering
the interference between the path dynamics and the quantum diffusion. By appropriately
incorporating this interaction into the polarization of Gaussian basis function, it should become
possible to arrive at better description of quantum wavepacket dynamics via a quantum force.
In this presentation we show the numerical results and talk about the application to the
improvement of the phase condition associated with the energy quantization.

[FF] Fex I TBEE TOMERICENT, 5 FOEMERBI RS A T I 7 A3k d
L1202, SRR BIBISL Action Decomposed Function (ADF) DOEERA ML L, %
DK R~ 5 TN 2 Bl RIS K - TR L 72[1][2]. AHFZE Tl ADF %
L0 FHODOWAEDO B NTIESNEFD BT 579012, HiREAOTEE & BErMRGE
EAFofe. BURIOIZI, 2432 7 AFIZE O COIRAIEE & LCRMT 5 Gauss
IR OBFHIFERIZ, WHRRERS L ARIZEE T 00 TR IR ZEAL,
ZORERE U TRIRINTAE U Dotz flAaA A CERILEITV, WROKFRHITE R DB
BRE, TR X R TALEMEOBEIZ OV TR,

[#EE] RO D Maslov BPE BRSNS HFE T 5.
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Y(q,t) = N, exp[ m(q Q(t)) + = Scl(q t)]
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