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Two-dimensional coherent spectroscopy of composite collective excitations
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A universal approach to the ultrafast control of collective excitations in quantum materials is
by coherent THz driving of lattice modes (phonons), whose intrinsic coupling to the electronic
and magnetic degrees of freedom can create a wealth of nonequilibrium phenomena. The
origins of these phenomena lie in nonlinear processes, meaning those involving hybridised
states and resonances composed of multiple elementary constituents, which are reflected in
the higher-order response functions of the system. Two-dimensional coherent spectroscopy
(2DCS) offers a uniquely powerful means of unlocking this nonlinear response, and we ap-
ply it to investigate the composite collective excitations of a phonon-driven quantum magnet.
The composite “magnetophononic” excitations are mutually repelling phonon-bitriplon hy-
brids and the nonlinear excitations are higher multiplets of these hybrids [1]. Beyond the
peak clusters characterising the second- and third-order 2DCS response, we find a wide selec-
tion of streak patterns. These arise not from disorder but from the energetic continuum of the
bitriplon dispersion, and they allow the composite nonlinear excitations to be “fractionalised”
into their underlying constituents. We illustrate this concept by discovering extensive streak
features throughout THz 2DCS spectra computed for the spin-Peierls chain compound CuGeO,
and discuss the broader applications of 2DCS in nonequilibrium quantum matter.
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