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Nonlinear magnetophononics in a frustrated quantum antiferromagnet
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Quantum magnetic materials are valuable model systems for realizing intriguing phenomena
ranging from quantum phase transitions to magnon condensation and fractionalization, topo-
logical orders, and entanglement on macroscopic length scales [1, 2]. The ground state of
these materials is dictated by superexchange interactions between neighboring spins, which
can be controlled via the crystal lattice through external pressure [3, 4]. However, possible
strategies to achieve dynamical control, for example, by ultrafast light pulses, remain relatively
unexplored.

Here we perform terahertz (THz) pump-probe spectroscopy on the quantum antiferromagnet
SrCu2(BO3)2 [5]. By using intense terahertz pulses [6] resonantly tuned to lattice modes, we
show coherent excitation of a two-triplet bound state, which is a fundamental quantum spin
mode in this material. We explain the observed spin dynamics by nonlinear magnetophonon-
ics, which arises from the dynamical modulation of the superexchange interaction at the dif-
ference frequency mixing of two primary terahertz-driven phonons that break the geometrical
frustration. The observed nonlinear magnetophononic effect is analyzed through first principle
calculations of the phonon modes and symmetries.

Our results demonstrate a new and attractive route for ultrafast manipulation of superex-
change interactions, ground states, and elementary excitations in quantum spin systems, wherein
exciting physics in out-of-equilibrium conditions has high potential for major discoveries and
applications.
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