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Ultrafast phase transitions in solids induced by femtosecond laser pulses attracted significant attention for two reasons: the need to understand the microscopic nature of order-disorder phase transitions, and due to possible applications as an all-optical switch in photonics.  We have recently demonstrated [1] that the reflectivity of Gallium film excited by femtosecond laser swiftly rises by up to ~ 40 % in a few ps and afterwards decreases in ~ (0.1-1) (s to the original value.  In this paper we present the results of measurements with one pump and two identical femtosecond probe beams set at two different angles, which determines completely the real and imaginary parts of the transient dielectric function with time resolution ~ 100 fs 

The theoretical analysis of the time-dependent reflectivity of Gallium uncovered several new phenomena:  (i) the energy density threshold for the phase transition is several times lower then the equilibrium enthalpy of melting; (ii) the rate of the reflectivity change strongly increases with the increase of the pump laser intensity;  (iii) the electron-to-lattice coupling rate after the laser pulse termination is a non-linear function of temperature that is drastically different from the equilibrium conditions.  We anticipate that an optimal combination of the laser parameters, target and substrate material will allow one to control the duty cycle of the reversible phase transition (crystal-metal-crystal). As a result, new all-optical switching devices in ps-range time scale could be designed utilising the nonlinear dielectric properties of the non-equilibrium solid-state plasma.
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