[EFRB LU 7 ORICEI 35 4 2 & SRR

Control of rotational motion of
asymmetric top molecules

N. Takemoto, T. Sako, K. Yamanouchi

Department of Chemistry, School of Science, The University of Tokyo,
7-8-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan

38 L — Y —BHR D F D alignment IBRIC OV THRBPBR 21ToTc, R, FERREX
L0 L—Y—EDBRE. B ~vHFORREREB X OOBRES O FERFREN, 45
FD3ODEFHNDZEM 7 L—LIIxT 5 alignment DRREIZ, LD XS ICKBT D0 %

~f,

1 Introduction

In an intense laser field, rotational motion of molecules is hindered by the interaction
between the laser electric field and the induced dipole moment. The resultant quantum
states are called pendular states. In the case of linear molecules interacting with a linearly
polarized laser field, the axes of molecules in the pendular states are aligned along the
laser polarization direction [1]. In an elliptically polarized laser field, it has been reported
that all the three principal axes of an asymmetric top molecule can be aligned with respect
to a given laboratory frame [2].

In the present study, the alignment of asymmetric top molecules in an elliptically po-
larized intense laser field is investigated theoretically in order to clarify the relationship
between (i) the degree of the alignment of the three principal axes and (ii) that of the

asymmetry in the rotational constants and the polarizability tensor components.

2 Model

The degree of the asymmetry in three rotational constants A, B, and C is characterized

by Ray’s asymmetry parameter; ,

k=(2B—A-C)/(A-C). (~1<k<1) (1)
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Similary, the degree of the asymmetry in the diagonal elements of a polarizability tensor

is described by 1 defined as
N = (2066 — Qlag — Xee)/(Ctaa — Qee). (-1 < < 1) (2)

At the limit of a prolate symmetric top, Kk = 7 = —1, and at the limit of an oblate
symmetric top, kK =n = 1.

By changing systematically these asymmetry parameters while keeping the values of the
maximum and minimum rotational constants A and C, and those for the polarizability
components a,, and a., the quantum states for the rotational motion of asymmetric
top molecules in the time-averaged interaction potential are obtained. The degree of
the alignment of the three principal axes in the resultant states are represented as the
expectation values of the square modulus of the direction cosines between the molecular

principal axes and the space-fixed axes.

3 Results and Discussion

It is shown that the degree of alignment of three principal axes in the pendular states
of an asymmetric top molecule is sensitively dependent on k and 7.

When 7 increases, the degree of alignment of the a axis decreases monotonically, while
that of the ¢ axis increases monotonically. The degree of alingment of the b axis is
maximized at around n = 0. These tendencies are interpreted in terms of the variation of
the pendular potential with respect to the asymmetry in the diagonal components of the
polarizability tensor.

When & increases, the degree of alignment of the respective principal axes decreases
monotonically. This is interpreted by the increase in the energies of the pendular states
associated with the decrease in the moment of inertia for the pendular motion, inducing

the delocalization of the wavefunction of the pendular states.
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