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Abstract 

Molecular coherence corresponds to a situation when all molecules in a 

macroscopic sample oscillate in unison, or, in the language of quantum mechanics, to 

a situation where a molecular ensemble is prepared in a vibrational superposition state. 

High degree of coherence can lead to astonishing results. While atomic coherence has 

been notably used in electromagnetically induced transparency, ultraslow light 

propagation, and lasing without inversion, molecular coherence finds applications in 

coherent Raman spectroscopic detection and sensing. Coherence yields the famous N
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signal enhancement, compared to spontaneous Raman spectroscopy. Another 

remarkable example is a technique termed molecular modulation, which allows 

ultrafast laser pulse shaping and non-sinusoidal field synthesis via coherent Raman 

generation. Experimentally, the molecular-modulation light source is characterized by 

a bandwidth spanning infrared, visible, and ultraviolet spectral regions, generating 

bursts of light synchronized with respect to the molecular oscillations. Controlled 

spectral and temporal shaping of the resultant waveform allows arbitrary ultrafast, 

potentially non-sinusoidal, field synthesis. Furthermore, we add another dimension to 

the laser field engineering by using spatial light modulators to shape the transverse 

beam profiles, and make first steps toward production of space- and time-tailored 

sub-cycle optical fields. A particularly intriguing possibility is to use space-tailored 

fields with the characteristic spatial-structure size approaching the nanometer scale of 

single molecules; this can be achieved via designer nano-antennas. 
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