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Abstract 

In this presentation I will review recent progress toward the development and 

application of a Raman-based technique which allows simultaneous laser field 

shaping and beam shaping. Our approach builds upon Molecular Modulation that 

gives us a light source with a bandwidth spanning infrared, visible, and ultraviolet 

spectral regions, and is capable of producing ultra-short (single-cycle) pulses of light 

which are automatically synchronized with respect to the molecular oscillations. The 

central feature of this technique is the preparation of an ensemble of molecules in a 

coherent superposition state -- a feature that has earlier been used in 

electromagnetically induced transparency, ultraslow light propagation, and lasing 

without inversion. Recently, we have applied this technique to Raman active crystals, 

such as led tungstate and diamond, and obtained efficient generation of multiple-order 

coherent Raman sidebands by crossing two femtosecond beams in such a crystal; we 

then shaped the resultant waveforms with a pulse-shaping technique. We have 

conducted further experiments where we refocus the generated coherent Raman 

sidebands and the driving pulses back to the same crystal (at a slightly different 

position) with two spherical mirrors and, by varying the delay between the two 

sub-sets of beams, we have obtained an interferometric spectrogram that enables us to 

characterize the relative spectral phases among the sidebands. Furthermore, we study 

coherent transfer of optical orbital angular momentum in multi-order Raman 

sidebands, which provides a new degree of freedom for ultrashort pulse manipulation. 

These are steps toward spatio-temporal engineering of sub-cycle optical fields. 
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