Controllable Splitting and Coherently Recombining Intense Femtosecond Pulses Using Structured Light 
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It is generally known that at high energies/powers intense femtosecond beams/pulses are prone to instabilities  (see e.g., [1]). These effects, to some extent, could be mitigated through the controlled splitting of the beam into sub-beams. However, this approach is only viable if there exists a reliable method to coherently recombine the sub-beams following their spectral broadening. To achieve this, we use known objects from the field of singular optics, namely optical vortex lattices [2-4]. Such beams enable controllable and reversible break-up into an ordered array of well-defined intensity peaks in the focal plane of a lens (i.e., in the artificial far field, where the intensity is high). A typical example of a square-shaped optical vortex lattice is shown in Fig. 1.
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	Figure 1. Numerical intensity and phase distributions (a) and (b) of a square-shaped optical vortex lattice composed by singly-charged optical vortices with alternative signs. (c) – intensity profile of the square-shaped optical vortex lattices in the focal plane of a lens.


In this talk, we will present our recent advances [5] in addressing spectral broadening and temporal compression of high-energy femtosecond pulses by the controllable splitting and coherent beam recombining of femtosecond beams/pulses using structured light, more precisely square-shaped optical vortex lattice.  Moreover, the compression in time (down to the Fourier transform limit) of the spectrally broadened pulses will be demonstrated and discussed as well. In our view, the obtained results serve as a strong motivation for further optimization and investigation serving as potential alternative to the established methods for coherent beam recombining. 
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