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Figure 1 (Color online) The shape of the cyclotron orbits in the gauge
description
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Figure 2 (Color online) In a gallium arsenide quantum well, chiral
gravitons in the fractional quantum Hall effect are measured using
circularly polarized light
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and strong magnetic fields
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Experimental observation of chiral graviton modes in the
fractional quantum Hall effect

Rui-Rui Du

School of Physics, Peking University, Beijing 100871, China
E-mail: rrd@pku.edu.cn

This paper introduces a groundbreaking experimental observation of chiral graviton modes in the fractional quantum Hall
effect (FQHE), achieved by a research team from Nanjing University and its collaborators. Utilizing gallium arsenide
quantum wells as the experimental platform, the researchers employed resonant inelastic polarized light scattering under
extremely low temperatures and strong magnetic fields. This approach enabled the detection of chiral graviton modes as a
novel type of quasiparticle arising from collective excitations. The discovery marks the first time graviton-like
quasiparticles—characterized by features analogous to theoretical gravitons—have been observed in a real physical
system, opening new avenues for quantum gravity research within condensed matter physics.

From a condensed matter perspective, this experiment provides experimental validation for the new geometric
description of the FQHE proposed by Prof. D. M. Haldane of Princeton University. Traditionally, the FQHE can be
understood through the Chern-Simons topological quantum field theory framework, where composite fermions follow
fixed circular orbits in two dimensions. Haldane’s theory, however, advances a quantum geometric interpretation by
introducing the quantum metric tensor as a fundamental geometric degree of freedom, allowing the shape of electron orbits
to fluctuate while conserving area. These quantum fluctuations of shape manifest as chiral graviton modes—quantized
metric perturbations with intrinsic chirality (spin £2)—thus bridging the concepts of quantum geometry and topology in
solid-state systems.

The results have profound implications for the intersection of general relativity and quantum mechanics. While general
relativity describes gravity as the curvature of spacetime, and quantum mechanics unifies three of the four fundamental
forces, gravity has long resisted integration into the quantum framework. The graviton, a hypothetical spin-2 boson
predicted to mediate gravitational interactions, has proven elusive due to its extremely weak coupling to matter. In
condensed matter systems, however, quasiparticles can exhibit analogous properties to fundamental particles, as seen in
previous discoveries of Dirac fermions in graphene, Higgs modes in superconductors, and Majorana and Weyl fermion
states in topological materials.

In the FQHE regime, the interplay of strong magnetic fields and Coulomb interactions induces complex electron
correlations, giving rise to emergent quantum geometric phenomena. The observed chiral graviton modes reflect quantum
metric fluctuations coupled with topological effects, specifically the bulk-edge correspondence that separates two-
dimensional, massive bulk gravitons (with definite chirality) from one-dimensional, massless edge gravitons of opposite
chirality. The experimental identification of these graviton modes provides direct evidence of the role geometry plays in
strongly correlated electron systems and demonstrates the potential for condensed matter platforms to simulate and explore
aspects of quantum gravity. Overall, this research not only advances the understanding of the FQHE but also sets a
precedent for future investigations into the unification of geometric and quantum principles in physical systems.

condensed matter, fractional quantum Hall effect, chiral graviton modes, semiconductor, light scattering,
collective excitations
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