Self-organizаtion of soliton-tweezers in suspensions of nanocomposites and graphens
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Laser beams and pulses are powerful tools for tweezing, photobiomodulation, and manipulation of soft matter including colloidal nanosuspensions, emulsions, foams, as well as all kinds of biomedia like myosin, kinesin, ribosomes, liposomes, bacterias, viruses, blood, and a variety of living cells in body water [1]. The laser modifies the nonlinear mater passing through. Simultaneously, the modified mater acts to the light altering it by a feedback mechanism. Therefore, light is controlled by light through interaction with nonlinear mater. Laser stability and precision are of crucial importance not only for brain surgery but also for nondestructive diagnostics using this feedback mechanism. In order to achieve the necessary dynamical stability, the promising mechanism is the self-structuring of the light into localized solitons via nonlinear interaction inside the colloidal nanosuspensions and other varieties of soft matter. Tweezing solitons stable propagation is self-organized by the balance of antagonist effects, i.e., beam self-focusing and self-defocusing [2]. The high frequency pressure force of the laser field either attracts or repels the nanoparticles from the field region, depending if their optical index of refraction is larger or smaller than the background one [3]. In both cases, the nanoparticles density modification results in the nonlinear increase of effective index of refraction inside the beam making it self-focusing. We use this self-focusing effect to establish theoretically, numerically and experimentally the self-organization of soliton-tweezers as a novel kind of dynamically reconfigurable self-collimated tweezing facilities. Such soliton-tweezers will be able to photobiomodulate and manipulate, in a noninvasive way, micro and nanoparticles in body water and other soft mater of interest for medical and biological applications. Based on the synergy between theory and experiment via numerical simulations, other nanocomposites and colloidal nanosuspensions involving graphene and various two-dimensional materials will be tweezed using spatiotemporal dissipative solitons and multidimensional vortex solitons [4,5].
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