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Quantum spin liquids are highly entangled states of matter in which conventional magnetic order is avoided 

even at very low temperatures. A particularly important example is the Kitaev spin liquid, which provides a 

rare exactly solvable setting where interactions between localized spins give rise to emergent fractionalized 

excitations. At the same time, Kitaev physics is believed to be relevant to a growing family of candidate 

quantum materials, making it possible to search experimentally for signatures of these exotic excitations. 

Establishing such signatures in real materials, however, remains a major challenge.

In this colloquium, I will discuss several ways in which the fractionalized excitations of Kitaev spin liquids can 

be probed experimentally. I will focus in particular on lattice vibrations, which provide a natural window into 

the magnetic sector through spin-phonon coupling, and discuss how signatures of fractionalization can 

appear in phonon dynamics and Raman spectroscopy. I will also discuss local probes, including tunneling 

spectroscopy, and the perhaps counterintuitive role of disorder: vacancies and other defects need not simply 

obscure spin-liquid physics, but can generate characteristic local excitations and provide additional probes of 

the underlying fractionalized state.

These examples illustrate a broader theme: rather than being passive complications, lattice vibrations and 

disorder can provide experimentally accessible fingerprints of fractionalization and help connect idealized 

quantum spin-liquid models to candidate materials.
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