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Femtosecond optical pump-probe spectroscopy is the most versatile and most frequently used 

method for time-resolved studies of the ultrafast nonequilibrium phenomena in solid-state 

materials. The technique uses femtosecond laser pulses for both optical excitation and 

probing, simultaneously providing a timing gate for measured events, and acts as a precise 

clock to control the generation and detection of tested events. In all pump-probe experiments, 

absorption of pump photons changes optical properties of a tested material by one or several 

optically-induced effects, such as band-filling, electron-hole recombination, phonon or 

thermal relaxation, electron-phonon interaction, spin polarization, Cooper-pair breaking in 

superconductors, etc. Next, a second beam (probe beam) of much weaker intensity and time-

delayed with respect to the pump, is incident on the material overlapping the pump-excitation 

region. The reflected and/or transmitted probe signal is collected with a photodetector and the 

corresponding normalized differential reflectivity and/or transmissivity change as a function 

of the pump-probe time delay is a measure of the nonequilibrium dynamics of the excited 

subsystem in the studied material. Jitter-free time resolution of ~100 fs or better is routinely 

obtained in the sampling-type, pump-probe measurements. We will review the current state-

of-the-art and the advancement of the femtosecond pump-probe spectroscopy and 

demonstrate its unique usefulness in studying nonequilibrium, time-resolved dynamics of 

carriers, spins, and coherent phonons in condensed-matter systems varying from 

semiconductors to spintronic materials and superconductors. 
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