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All-optical three-dimensional molecular orientation with combined linearly and
elliptically polarized two-color laser fields
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Orientation of linear asymmetric molecules can be achieved by using a linearly polarized two-color
laser field [1,2]. All-optical three-dimensional molecular alignment and orientation can also be realized
by applying linearly polarized two-color laser fields, where the polarizations of the fundamental pulse
and the second harmonic pulse are crossed [3,4]. Here, we propose a novel approach of realizing all-
optical three-dimensional molecular orientation, where a linearly polarized fundamental pulse and an el-
liptically polarized second harmonic pulse are applied: E(r) = [E(¢) cos(wr) + E,(t) cosQuwt + )] % +
E’, (1) sinQwt + @)X [5]. Here, E,(2) is the time profile of the fundamental pulse. E>,(7) and E7, () are
the time envelopes along the major and minor axes of the elliptically polarized second harmonic pulse,
respectively. The interaction potential, after taking an average over one w-laser oscillation, is given by:

A =- %azy [COS2 ¢ sin® 6E%, (1) + cos” 0 (Ef»(t) + Eﬁw(t))] @
_ %axy [(Cos ¢ cos fcos y — sin ¢ sin y)*Ej. (1) + cos” y sin” 6 (Ef)(t) * ng(t))]
+ % (Bex cos™ x + By sin” x) cos Osin® OEG (B2 (1)
+ %ﬁw cos® 0E2 (1) Ex (1),

where the phase differences between the two wavelengths are ® = 7 or O for a plus or minus sign,
respectively, a;y = a; — @yy, and @y, = @y, — ay,. The simulated degrees of alignment {{cos? 6)) and
orientation ({cos 8)) for iodobenzene molecules as a function of the peak intensity of the fundamental
pulse I, under the assumption of adiabatic approximation, are shown in Figs. 1 (a) and (b), respectively.
In the calculations, the peak intensities along the major and minor axes of the elliptically polarized
second harmonic pulse are also increased as a function of the peak intensity of the fundamental pulse:
by =1.11,and I} = 0.981,.
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Fig. 1: Degrees of (a) alignment {{cos? 6)) and (b) orientation ({cos 6)) of iodobenzene molecules as a
function of the peak intensity of the fundamental pulse.
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