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Non-Born-Oppenheimer wave function of 1D hydrogen molecule
by time-dependent multiconfiguration expansion
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Multielectron dynamics in intense laser fields: Multiconfigurational wavefunction
theories
(University of Tokyo) Takeshi Sato, Kenichi L. Ishikawa
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Fig. 10 Single (left plot) and double (right) ionization yields as a function of intensity, ob-
tained by TDSE, TDHF, TD-CIS, and TD-APSG methods.
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electronic wavepacket propagation

(Weizmann Institute) Norio Takemoto, Asaf Shimshovitz, David J. Tannor

We propose a new method to solve the time-dependent Schrodinger equation based on
a phase space perspective [1]. The method employs the periodic von Neumann basis with
biorthogonal exchange (pvb basis) recently introduced for the calculation of the energy
eigenstates of time-independent quantum systems [2]. While the individual elements in
this basis set are time-independent, a small subset is chosen in a time-dependent manner
to adapt to the evolution of the wavepacket in phase space. The resulting method is
simple, efficient, accurate, flexible, and stable. Our long-term goal is to apply the method
to simulate the correlated dynamics of multiple electrons in atoms and molecules in intense
and ultrashort laser pulses. As a first demonstration, we present calculations of electron
dynamics in a 1D model atom interacting with the combined field of intense near-infrared
(NIR) and attosecond extreme-ultraviolet (XUV) laser pulses.

In Fig. 1, we show the simulated evolution of the 1D electronic wavepacket in phase
space. The NIR laser pulse (5 x 10'* W/cm?, 800 nm, 4 fs) and the XUV laser pulse
(1 x 10" W/cm?, 15 nm, 250 as) were applied to the electron in a 1D soft-core Coulomb
potential. In the pvb basis, the expansion coefficients of a wavepacket are given by the
projection of the wavepacket to phase space Gaussians imposed with periodic boundary
conditions. Squared moduli of these coefficients are shown by the red color scale on the
ellipses, which have the same center and aspect ratio as the corresponding phase space
Gaussians. A lattice of 64 x 64 Gaussians is required to span the rectangular boundary of
each panel in Fig. 1, but only those Gaussians indicated by the ellipses have significant
overlap with the wavepacket. The active Gaussians are predetermined by running classical
trajectories for a simplified model. The representation with the full set of Gaussians is
equivalent to the representation using the same number of Fourier grid points. However,
the localized nature of the Gaussians allowed us to propagate the wavepacket using only
about 10 % of the pvb basis with negligible loss of accuracy.

Figure 2 shows the photoelectron momentum distribution that emerges from the simu-
lation in Fig. 1 (blue solid line). Comparison with a simulation using the full pvb basis
(red dashed line) indicates that the small active set not only reproduces the qualitative
features, such as the direct (N1 and N1°) and rescattered (N2 and N2’) NIR-photoelectron
cut-offs as well as the NIR-streaked single-XUV-photon ionization peaks (X1 and X1’),
but also has quantitative accuracy.

[1] N. Takemoto, A. Shimshovitz, and D.J. Tannor, J. Chem. Phys. 137, 011102 (2012).
[2] A. Shimshovitz and D.J. Tannor, Phys. Rev. Lett. (in press) [e-print arXiv:1201.2299v1].
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Quantum switching of = —electron dynamics in optically induced
nonplanar chiral aromatic molecule (P-2,2-biphenol

(Institute of Applied Mechanics, National Taiwan University, Taipei 106
Taiwanl, Department of Applied Chemistry, Institute of Molecular Science and
Center for Interdisciplinary Molecular Science, National Chiao-Tung University,
Hsin-Chu 300 Taiwan2, Department of Chemistry, Graduate School, Tohoku
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Teranisi2, Michitoshi Hayashil, Sheng H. Lin2, and Yuichi Fujimura3
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Coherent n-electronic-state dynamics of chiral molecule induced by

ultrashort linearly polarized UV pulses: angular mometum and ring current

( 'Institute of Applied Mechanics, National Taiwan University,

Taipei 106 Taiwan, “Department of Applied Chemistry, Institute of Molecular Science
and Center for Interdisciplinary Molecular Science, National Chiao-Tung University,
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Hirobumi Mineo', Sheng H. Linz, and Yuichi Fyj imura®’

In this work we theoretically show behaviors of ring currents in a non-planar
Chiral aromatic molecule with two phenol rings combined with a single chemical bond.
We remark that this talk is a continuous one of previous talk (3E06):
Quantum switching of w —electron dynamics in optically induced nonplanar chiral
aromatic molecule (P)-2,2’-biphenol, and use the same molecule.

The electrodynamics induced by a pulse laser E(t) can be calculated by

solving the equations of motions of the density matrix:

d t i
p;—[;() - _%Z(VW (t)p}/ﬂ (t) - pay (t)VVﬂ (t)) N (ia)“ﬂ + Faﬂ )paﬂ (t)

where V()=—7i-E(t), /i is the transition dipole moment operator. s« is angular

frequency difference between two electronic states « and f. The angular momentum
and ring current are given as the expectation values in terms of density matrix elements:

(O)= ndejd%] - dr S (r=1)(Tro,, (D0, ()

O, (N = <CDa

where n is the number of electrons, O(r)‘(D/,>, O(r) is the single



electron operator. The angular momentum is calculated with the operator
O(r) = _IhK:ZL:R(X <O/ = Yy Of O )N with dQ=d°r on the other hand the ring

_en

current is given by 0= om,i (V—V) with dQ=dS where Nk is a unit vector

—

which is perpendicular to a ring K, dS represents an integral over a surface S.

The electronic angular momentum and the resultant ring current are created by
a coherent excitation of two electronic excited states using the m pulse laser. These
electronic states belong to C, point group which have A and B representations. As is
similar to a previous talk, in this molecular system we have three electronic excited state
a(A), b1(B) and b2(B), and by changing the laser frequency we obtain two coherently
excited states a,bl (b1l,b2) which belong to different (same) symmetries. The created
ring current at each chemical bond oscillates back and force by a periodicity which is

given by the inverse of the energy gap between two coherently excited states.

. . . N .. (+)
In Fig. 1 we show the directions of initially created currents by shining €201 Or

) . . .
€2 where two coherently excited states are “in-phase”. From this figure we find that

current or angular momentum transfer through the bridge chemical bond C1-C7 only
occurs if two coherently excited states belong to a different representation as is shown
in Fig. 1(a). In this case the directions of ring currents and angular momenta on both
sides of phenol rings are toward opposite direction. On the other hand if two coherently
excited states belong to a same representation B shown in Fig. 1(b), the directions of
ring currents and angular momenta on both sides of phenol rings are toward same
directions i.e., the created ring currents and angular momenta on both sides behave in a
same manner.

(a) a, bl excitation (b) b1,b2 excitation

. @ove
/@& 9@

Fig. 1 Behaviors of the ring currents are plotted where the two coherently excited states

are “in-phase”.
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Searching for isomers of carbon atom clusters and hydrocarbons by SCC-DFTB Method

with the Scaled Hypersphere Search Method
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