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Introduction

Fractional Quantum Hall (FQH) liquids represent novel states of matter with non-trivial topological order. Consequences of such topological order include chiral edge excitations with predicted universal properties. Some of these states may support exotic bulk quaisparticle (qp) excitations with non-Abelian statistics, and the prime candidate is the 5/2 fractional quantum Hall state. However the qp statistics as well as edge properties of the 5/2 state remains puzzling. We proposed a new state that can potentially describe the 5/2 state and explain the experimental observations. In addition to topological aspects, it has become clear in recent years that there is also a geometrical aspect in FQH liquids. Quantum fluctuations of the geometric degree of freedom gives rise to long wavelength collective modes in them known as gravitons. We have found a way to excite and detect these gravitons.
Methods of Theoretical Studies and Results

Existing models for the 5/2 state includes the Moore-Read Pfaffian (Pf) state, and its particle-hole conjugate anti-Pfaffian (APf) state. In Ref. [1] we showed that a stripe state that is made of alternating regions of Pf and APf states is a viable candidate of the 5/2 state. We were able to show that this state is incompressible, and thus a fractional quantum Hall state. We also demonstrated that this new state has many exotic bulk and edge properties that are consistent with existing experiments.
In Ref. [2] we demonstrated that acoustic wave in crystals play a role very similar to gravitational wave in FQH liquids, as the strain it induces couple directly to the electron effective mass tensor whose role is very similar to the metric tensor. It can excite the gravitons, whose energy is revealed in a resonance peak of the acoustic wave absorption spectroscopy. Numerical study of the spectral function indeed reveals the graviton peak prominently.
Conclusions

We have performed comprehensive theoretical studies on FQH liquids. Our results have provided new methods to probe these novel states of matter.
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