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Long-range entanglement in quantum-spin-liquids (QSLs) leads to novel gauge
structures and excitations with fractionalised quantum numbers. However,
experimental signatures of such fractionalisation are rare and require more
theoretical frameworks to interpret the experimental outcomes. Here we present a
theoretical study of possible spectroscopic signatures of fractionalisation via the
coupling of spins to Raman-active phonons in candidate QSLs. In the QSL phase,
such magnetoelastic interaction leads to coupling between the lattice and the
emergent excitations, resulting into renormalisation of the frequency and linewidth
of phonons with characteristic frequency and temperature dependence.

Furthermore, | will present a new kind of cooperative paramagnet, S=3/2 classical-
spin-ice (CSI), hosted by the pyrochlore magnets with low-lying crystal field
excitations. This model has a richer phase diagram and new kinds of excitations
compared to the usual S=1/2 CSI. Interestingly, these models are more prone to fall
out-of-equilibrium at low temperatures, even in absence of long-range interaction
or disorder.
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