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Two-dimensional coherent spectroscopy for magnetophononic dynamics
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Two-dimensional coherent spectroscopy (2DCS) uses the time delay in a pump-pump-probe
protocol to perform a systematic analysis of the nonlinear response of an out-of-equilibrium
system. One route to the ultrafast control of collective phenomena in quantum magnetic ma-
terials is magnetophononics, which combines coherent driving of the lattice by ultrashort THz
laser pulses with the intrinsic spin-lattice coupling to create a nonequilibrium magnetic re-
sponse. The hybridization of phononic and magnetic modes leads to mutually repelling com-
posite excitations whose splitting dominates the 2DCS spectrum, creating 2-, 4- and 6-peak
clusters at the characteristic second-order (sum and difference frequencies) and third-order
(two-quantum, non-rephasing, pump-probe and rephasing) response features. In addition,
the 2DCS spectrum contains elongated peaks and antidiagonal streak features that we show
reflect the presence of a continuum of magnetic excitation energies, and hence enable a decom-
position of the nonlinear excitations into their elementary constituents. Finally, we compute
the 2DCS spectrum of a simplified model for the quantum magnet CuGeOs, where the saddle
point in the density of states enhances the visibility of further horizontal, vertical and diagonal
streaks.



