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Coherent two-dimensional spectroscopy is a powerful tool to distinguish non-linear contribu-
tions to the non-equilibrium physics of quantum systems. The technique has no frequency-
range limitation and thus has recently been used in the terahertz regime to observe the high-
order response of magnon excitations [1]. In linear magnetophononics, the modulation of
magnetic interactions by laser-driven phonons, the coupled phononic and magnetic excita-
tions both have frequencies similar to that of the driving pulse. In this work we use the new
frequency axis offered by coherent two-dimensional spectroscopy to isolate the non-linear re-
sponse of such a system by applying the methodology to a straightforward model of a gapped
quantum spin chain with strong magnetophononic coupling [2]. Pulsed driving in this model
reveals non-linear contributions of hybrid phononic and magnetic nature, including the sum
and difference frequencies of composite phonon-bitriplon excitations [3]. We demonstrate that
coherent two-dimensional spectroscopy offers both qualitative and quantitative separation of
the different non-linear contributions emerging at strong coupling in pulsed magnetophonon-
ics.
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