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Fig. 1. Orbit distribution of the 2pmg state in CO2
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Fig. 2. Wavelength dependence of HHG efficiency at
the orientation angle 6 = 30°.
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Fig. 5. Comparison between harmonic spectra and the corresponding dipoles at 8§ = 30° for CO2
molecule: (a) and (b) for A = 900 nm, (c) and (d) for A = 1500 nm.
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Fig. 6. Comparison between harmonic spectra and the corresponding dipoles at 8 = 45° for CO2 molecule:
(a) and (b) for A = 900 nm; (c) and (d) for A = 1500 nm.
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Abstract

In this paper, we numerically study the efficiencies of high-order harmonic generation (HHG) from CO2 molecule
exposed to strong laser fields with different laser wavelengths and different orientation angles. Through calculating
the HHG spectra in the directions parallel and perpendicular to the laser polarization, we show that the efficiency of
perpendicular harmonics can be higher than or comparable to the parallel ones at the relatively small and intermediate
orientation angles in some wavelength cases. At larger angles, the efficiency of perpendicular harmonics is generally
lower than the parallel one. Further analyses show that the structure of the CO2 molecule plays an important role in
the HHG efficiency and this role is also related to the laser wavelength.

Specifically, we show that the relative yields of perpendicular harmonic versus parallel harmonic are closely associ-
ated with the parallel and perpendicular dipoles of the molecule. Due to the effect of two-center interference, the parallel
or perpendicular dipoles of the molecule show some deep hollows in some energy regions, which depend on the molecular
orientation, and so do the corresponding parallel and perpendicular harmonics. As the parallel harmonics are suppressed
due to the interference effect strongly in some energy regions, the yields of the perpendicular harmonics, which are not
subjected to the interference effect in the corresponding energy regions, can be higher than the parallel one. As a result,
the integrated harmonic yield (i.e., the harmonic efficiency) in the perpendicular case can be higher than the parallel
one, especially for the cases with short laser wavelengths and small orientation angles. In these cases, the interference
effect induces the suppression of parallel harmonics in the whole HHG plateau. We therefore expect that the interference
effect plays an important role in the HHG efficiency in these cases. For the case of long laser wavelength, the HHG
plateau extends to high energy region and the main contributions to the integrated HHG yield can come from harmonics
out of the interference-effect-dominating region. As a result, the interference effect plays a smaller role in determining
the HHG efficiencies of parallel and perpendicular harmonics, in comparison with the case of short laser wavelength. For
large orientation angles, the value of the perpendicular dipole is smaller than the parallel one in a wide energy region,
and accordingly, the perpendicular harmonics are weaker than the parallel ones on the whole. As a rule, the parallel
efficiency is usually higher than the perpendicular one.

As the perpendicular harmonic can contribute importantly to the harmonic emission in some cases, our results
suggest that for the complicated molecule, the perpendicular harmonics should be considered in the molecular orbital

tomography experiments.
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