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Majorana fermions and half-integer thermal quantum Hall
effect in a quantum spin liquid

Yuji Matsuda
Department of Physics, Kyoto University

The quantum Hall effect (QHE) is one of the most remarkable phenomena in
contemporary condensed matter physics, which rivals superconductivity in its
fundamental significance as a manifestation of quantum mechanics on a
macroscopic scale. The quantum Hall state is a topological property of quantum
matter. There are two classes of the QHE, where integer and fractional electrical
conductance are measured in units of e2/h. Here we report a novel type of
quantization of the Hall effect caused by charge neutral quasiparticles, i.e.
Majorana fermions due to the fractionalization of quantum spins, in an insulating
two-dimensional (2D) quantum magnet, a-RuCls with a dominant Kitaev interaction
(a bond-dependent Ising-type interaction) on a two-dimensional honeycomb
lattice[1][2]. This material has been suggested to be a candidate of Kitaev quantum
spin liquid (QSL), where significant entanglement of quantum spins is expected. In
the low-temperature regime of the QSL state, the 2D thermal Hall conductance
reaches a quantum plateau as a function of applied magnetic field. Moreover, the
plateau attains a quantization value, which is exactly half of that in the integer QHE.
This half-integer thermal Hall conductance is a direct signature of topologically
protected chiral edge currents of emergent Majorana fermions, whose degrees of
freedom are half of those of electrons, and non-Abelian anyons in the bulk.

[1]Y. Kasahara et al. Phys. Rev. Lett. 120, 217205 (2018).
[2]Y. Kasahara et al. Nature 559, 227 (2018).
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