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Diabatic potential and quantum mechanical reaction rate constant for proton transfer
(Graduate School of Natural Science and Technology, Kanazawa University)
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Time-dependent intershell correlation
in a laser-driven beryllium atom

(The University of Tokyo) oE. Lotstedt, T. Kato, and K. Yamanouchi

[Introduction]

Electron correlation is an important concept in quantum chemistry, and has been thoroughly studied
for stationary states of atoms and molecules. On the other hand, much less attention has been given to
the issue of time-dependent electron correlation. In this contribution, we propose a new way of
analyzing the time-dependent correlation between pairs of electrons in many-electron systems having
an even number of electrons. We do this by introducing an approximate method to solve the
time-dependent Schridinger equation (TDSE) called the time-dependent geminal (TDG) method. In
this method, the total wave function is written as an antisymmetrized product of geminals, where a
geminal is a two-electron orbital represented as a function of the coordinates of two electrons [1]. In
this TDG method, electrons within a geminal can be fully correlated (intrapair correlation), but the
interaction between electrons belonging to different geminals is included on a mean-field level only.

In the present study, we examine time-dependent electronic state dynamics of Be exposed to an
external laser field by the three different methods: (i) the TDG method introduced in the present study;,
(ii) the fully correlated multiconfiguration time-dependent Hartree-Fock (MCTDHF) method [2, 3],
and (iii) the uncorrelated time-dependent Hartree-Fock (TDHF) method. By comparing the results
obtained by these three methods, we discuss the importance of the intershell correlation in a beryllium
atom, Be, driven by an external laser field.

[Theoretical method]
The wave function ansatz in the TDG method is written as an antisymmetrized product of geminals,
W(x1, X, X3, X4, £) = AN (1, %2, ) A5 (X3, X4, ), (1)
where x; = (r},s;) is the combined spatial and spin coordinate of the j-th electron (j = 1,...,4) of a
four-electron system of Be. We furthermore assume that the geminals are strongly orthogonal, that is,
[ dyAy(xq,y, )M, (x,,y,t) =0 for all x;, x,, and t. In order to practically deal with the geminals
A, (x1, x5, t), we expand each geminal in terms of time-dependent spatial orbitals ¢;(r,t) as
Ap(xy,%2,8) = X Cj’;i(t)¢j(r1: )Py (12, t)op(s1,52), (2
where a,(s1,s,) is a singlet spin wave function. The equations of motion for the coefficients Cj’,‘((t)
and the orbitals ¢;(r,t) are derived by applying the Dirac-Frenkel variational principle. The
equation of motion for the coefficients Cj’,‘((t) resembles the TDHF equation, and the equation of
motion for the orbitals ¢;(r,t) is similar to the corresponding equation in the MCTDHF method.

[Results]
We have implemented the TDG method for Be exposed to a strong laser field. In Fig. 1, we show the



induced dipole moment of Be exposed to a few-cycle laser field with a peak intensity of 5x10*° W/cm?
and a wavelength of 400 nm. It is found that the TDG method performs much better than the TDHF
method, and almost perfectly reproduces the MCTDHF curve. Therefore, we can say that intershell
correlation is not important in the interaction of Be with long-wavelength laser light.

We have also simulated the interaction of Be with short-wavelength (10 nm) radiation. The energy
of one 10-nm photon is Aw = 122 ¢V, which is close to the core electron’s binding energy
€15 = 129 eV (as estimated by Koopman’s theorem). After the absorption of one 10 nm photon, Be is
excited to an excited state, for which configuration interaction needs to be taken into account.
However, since the TDG wave functions are composed of the configurations of the type
|®;, Pk, ), P, ||, where the orbitals ¢; , ¢y, are the orbitals in the geminal A;, and ¢;,, ¢, the
orbitals in the geminal A,, the TDG method may not be suited to treat the configuration interaction.

Figure 1. Induced dipole moment of Be §10 ‘ ' ' '
exposed to a 5x10%° W/cm? 400 nm laser é TDHF DG
pulse. The TDG method is compared with the 8 °f |
MCTDHF and the TDHF methods. The %_ 0
amplitude E(t) of the laser field is shown g
on an arbitrary scale as a thick line. g =2 | | | | MCTEI)HF |
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[Summary]

We have introduced the time-dependent geminal method, which can be used to study time-dependent
intershell correlation in the laser-driven atoms, and have demonstrated the applicability of the method
by simulating the electronic structure of Be in a strong laser field. The TDG method performs well in
the case of excitation by a 400 nm laser pulse, where the intershell correlation does not play a primary
role. However, the TDG method fails in describing the electronic structure driven by a 10 nm laser
pulse, suggesting that intershell correlation is crucial when Be interacts with the shorter wavelength
light.
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Full-dimensional simulation of alignment dynamics of H,He™ in laser fields
(The University of Tokyo) Tamas Szidarovszky, Kaoru Yamanouchi

Introduction. The investigation of the spatial alignment and orientation of molecules by laser
fields is an active research area with potential applications in reaction control, isotope and
photofragment separation, and molecule trapping.! The theoretical simulation of the alignment
dynamics of polyatomic molecules is most commonly carried out in a rigid rotor approximation,
although perturbative corrections and reduced dimensional variational approaches have also been
investigated.2:3 It is known from spectroscopic studies* that in the case of floppy molecules
exhibiting large amplitude, anharmonic vibrations and strong rovibrational couplings, the rigid
rotor approximation and its perturbative extensions cannot provide accurate descriptions. For such
molecules, non-perturbative, variational approaches are required for the simulation of their
rovibrational motion and alignment dynamics.

In the present study, we propose a theoretical framework, with which it becomes possible
to simulate the alignment dynamics of non-rigid polyatomic molecules by taking into account their
vibrational motion and rovibrational couplings. As an illustrative example, the alignment dynamics
of the weakly bound H;He* complex is demonstrated. The rovibrational motion induced by an
external laser pulse is described by full-dimensional variational computations.

Theory of field-matter interaction. In order to simulate spatial alignment dynamics, one needs to
solve the time-dependent Schrodinger equation

L oY) - _ 1
lhT = H(t)|¥), H(t) =Hy, —(t)p — Es(t)(as(t)) (D

where H,, —e(t)p and —(1/2) &(t) (ae(t)) are the field-free rovibrational Hamiltonian, the
permanent dipole interaction with the external field €(t), and the induced dipole interaction with
the external field €(t), respectively. Our approach to deal with the computational task of solving
Eq. (1) is composed of two steps as summarized in Figure 1.

The first step uses variants of efficient nuclear motion computer codes to determine bound
rovibrational states |¥,), satisfying the time-independent nuclear Schrodinger equation H,|%,) =
E,|%,), leading to a small set of basis functions capable of describing the rovibrational motion of
the system. In the second step, the |%,) functions are used to expand the time-dependent
rovibrational wavepacket |¥), leading to a compact matrix representation of the Hamiltonian, with
which time-propagation can be carried out in a straightforward manner. Based on the properties of
the field-free states, the time evolution of physical quantities induced by the laser field can easily
be monitored.
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Figure 1. Pictorial representation of the theoretical framework to investigate laser-induced alignment
dynamics of polyatomic molecules. See text for the meaning of A, , E,, , |¥,), 1, «, €(t), and |¥). ¢ is the
angle of spatial alignment and 6 represents an internal degree of freedom.

Alignment dynamics of H2He™. Based on the theoretical approach presented above, the alignment
dynamics of HoHe* was simulated for several different laser conditions. It was found that when
HzHe" is exposed to a long, 4 ps halfwidth laser pulse (A = 800 nm, | = 101 Wcm™) the molecule
undergoes adiabatic alignment. If a much shorter laser pulse is used (halfwidth = 200 fs, | = 2x10%3
Wcem2), a rotational wave packet is created, which shows field-free (diabatic) alignment dynamics
with a full revival time of around 4 ps. Finally, by changing the wavelength of the laser closer to
resonance with the first vibrational excitation energy (1 = 25000 nm, | = 10* Wcm™, halfwidth =
150 fs), HoHe* undergoes significant structural changes, with the structural parameters showing
rapid fluctuations in time. This leads to time-dependent rotational constants, thus very complicated
alignment dynamics with no evident revival time.
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Hasegawa, Int. Rev. Phys. Chem. 29, 619 (2010); M. Lemeshko, R. V. Krems, J. M. Doyle and S. Kais,
Mol. Phys. 111, 1648 (2013).
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Theoretical study for observation of nonadiabatic transitions
using 2-dimensional spectroscopy

(Kyoto Univ.) o T. Ikeda and Y. Tanimura
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An effective potential theory for generating nonorthogonal sets of basis functions for
a time-dependent many-electron wave function

(The Univ. of Tokyo) OTsuyoshi Kato and Kaoru Yamanouchi
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Diagonal Born-Oppenheimer approximation in heavy element molecules
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Theoretical study of intermolecular packing effects on singlet fission in oligorylenes
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(F]l 227 Vvy b7 0var (SF) X, B FOEARNTHREBIE S NAERKLZ 1D
O—HIEFHE 723, BT 2B OEEREIZH 207 EMAER L%, 2 >0 = EHERE

BT BB TH H[1a), 2006 -2 SF I K 5 A KB YT A #ash = 1m) o> gt
WTWémfu%um;%% FRER T 2> DEEANCHIFE S N TV D, il = R L ¥ —HEA DO #]
EN G LRI 2 130 TRBEOIE ChH 5 ¥ 7 Ul VIR & T, SF 3Bl 1 O GHES
IR LT-[2a,2b], AU =V L > F(Figure la)id & OFRFHZFE SV THEE S 7= SF A2 1
FZDO—D>THV[2b], &, VAV L URITETT U L IAZERRIC SF #8845 2 L3
HEIniz[3], £o, BRLBMANSFEME HOT7T U L UFERM T, R R LX
—5MFTTH SFOMENRERDLZ LN LTEY o rHOHMEERNKE S EELY X
TWbEBEZBND, WZIT, SFIZHT 50 THMAERZEYICTM L, m2h¥Eke SF =
TR A RET D 2 EIERBEOBECH DH, T 2 TR TIX, SF OEBMHERICH
THESTH TV T aAaOF) Y Ly " EERBEICCEHEFEHREICEVER L, SF

CHNRGFRI S %0 7 OREHESESE 2 Bi5 T,

(a) - - (b) Y (x,y) 2=331 A

Figure 1. (a) Oligorylenes [terrylene (n = 2), quaterrylene (n = 3)]. (b) Terrylene dimer model.

Interplane distance (z) is fixed at 3.31 A. In quaterrylene dimer model, the axes definition is the

same though z value is fixed at 3.41 A.

(¥ - 51 E] SF ?5%%5@4 ¥ Fermi OEHBENG, o FHOEFH v 7Y 7Tk
STk INnDd, 4 %ﬂﬁﬁﬁ%mm BT 2 ZIROEREZTTS 2 & T, BMBEREBOEF N v
TV T ~OFEERD AND Z & 75‘>‘T“é° RO SFIBBMERwg, 2155,
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Figure 2. (a) Intermolecular configuration dependence of |Ver] [meV] in terrylene dimer

model. The black circle in Figure 2a corresponds to the real crystalline packing shown in

Figure 2b.
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1G08
REREZRAT ORLEROERIBZ:
VI T/ VBT BERAFHE RIG

(ERBEHIE ', AL RARIERT 2, TRAIE ®) OFBEZM ' 1 ARE
I L REXR . RB)IFEH?

Theoretical study of the reaction pathway via intersystem crossing:
Ligand binding reaction to molybdenocene
(Hokkaido Univ. Graduate school of Chem. Sci. & eng., Hokkaido Univ. ICAT?, Univ.
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£ U 77 /& [MoCp,](Cp=Cyclopentadienil)| T (a2 J& 2 Cp BRICER E N T-fi&E 2 & DA ¥
ntEARO—FETH D, [MoCpa]id 16 B DOENLAEFIZ2IRIE L 72 > TV D 2D @i
PEZRT N, CO 231 & DRISIIEGITH Z 2 DIizxt LT, Hy 501 & OIS EIESRMA 24
BLBZ EnD . TORIGHEDE MR 72 T A1, [MoCpa] D FEEIRAE 1+ = 1A
RIETH D08, A TH 5 [MoCp.L](L=CO, Hy) IZ—HIFRIETH D72, T b DML T
ﬁéﬁmiﬁﬁxﬁéﬁm¢5XE/%%&ﬁm&&éo_®i9&xt/%£ DIALE FE
I MBI D KIGHEDENNIAE T a vy VRO FERIZIL > THA IS Z ERZ 0
[2],[3]

ZD X IR AV RIS D A T = XA LFA O T2, SRR EZ TR # w2
WD, RMZEZT 2 DORBRDHAENNREORT v VTR VF—REDEKT D —
AbTEZY, ZOY—A O/ (Minimum Energy InterSystem Crossing Point : MEISCP)
IR EAMRERENT DO B N CTEBIRIEL 20 V155, £z MEISCP IZH1T) 2 s

BRI A ©AREBHEAT D BUS D SOSHEDFRRL FHIC B W TIHFEFICEETH D,
Z ZCARBIIETIE. [MoCpa]~?D CO KU fE B LAY LiF, A AREBOZE(LEE S
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1To7,

FTHIOIZ, [MoCpa]~P CO B LU H, D

S
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_% : ; 7ANEFRELEZ, CO ﬁ‘“—\}iﬁi\f“
; i ’ MEISCP 73 B #4254 LT 12.8 keal/mol %2
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e T KIZ, Hy DFEEISIZI T % MEISCP %
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meta-IRC (Intrinsic reaction coordinate) 7% %
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T7'm v b L7(Fig. 2), BLBRZEWZ &2, Cp- § <
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NX—ZEEHMEODHDIZRELFEHLTND
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BRI BBEOTE L HBe, s e
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SIS DG/ T A —=F RFT D T & SRS R 2D RUS O HIEIE 7 DR EICA
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BB, RBIRZERICBIT 2 A VEBERZERT 572012, meta-IRC FHHEIZ L - TH
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L 42 -1
2 60 r = 60 cm
B 50 r %50 -
g 40 - 240
= 30 | [MoCpg]+CO —— [MoCp,CO] 530 +
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Fig. 3. MEISCP(amu=0)J& 1 C 7 SOCD F 5 F (a)CORE A SIS (b)H, 5 4 S
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Theoretical study on the correlation between the intermolecular distance and the
second hyperpolarizabilities of asymmetric phenalenyl dimers
(Graduate School of Engineering Science, Osaka University) oKotaro Fukuda, Yuka
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Figure 1. Model structures of hetero phenalenyl dimer (a) and coronene dimer (b).
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Figure 2. R-dependences of y (a) and v.... (b) for each model dimer.
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[1] M. Nakano et al. J. Phys. Chem. Lett. 2015, 6, 3236 and references therein.
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Electron dynamics simulation of the molecular-orbital-selective high-order harmonic generation controlled
by the carrier envelope phase of the driving pulse
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