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Development of vibrational wave-packet control with non-resonant laser pulses by using
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Recent development of laser technology enables us to measure and manipulate molecular
dynamics using mildly intense non-resonant laser pulses. By using the controlled strong electric
fields, for example, the laser pulses have been applied to the control of rotational wave packets
including the molecular alignment control. The stimulated Raman pumping is always
accompanied by the coherent population return (CPR), which makes it difficult to achieve the
population inversion even in a simple two-state model". This is interpreted by using the Bloch
sphere, in which the rotational axis is distorted by the dynamic Stark shift. The effects have
been experimentally measured” in the rovibrational population transitions in H,. The
procedures for controlling molecular dynamics using the non-resonant pulses, therefore, have
not been fully developed. The purpose of the present study is to develop the control method by
means of optimal control simulation® through the case study of a vibrational wave packet in
the electronically excited B state of I,. In the example of population inversion, we will show
that the optimal solution is the pulse train, whose temporal interval is determined by the
vibrational period derived by the vibrational energy differences. This control scenario is
applicable to the population inversions between various vibrational states. We are now trying
to extend the control method to adjust the wave-packet shapes and to suppress the dephasing.
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