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Discovery of chiral spin liquid in Heisenberg spin
systems—(a new state proposed 27 years ago )
Shoushu Gong et al.
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Inserting flux adiabatically, spin pump, and C=1/2 quantization
Signature of nu=1/2 Laughlin state and CSL
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Entanglement spectra of CSL: emerging Laughlin v=1/2 FQHE

Wel Zhu et al.

(c)J=0,.J =0.3, L =6, vacuum sector (d)yJd =0,J" =03, L=6, spinon sector
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Inserting flux turns the ground state

- from vacuum to spinon sector

a ."' v - e
6 = . o=
-0-
> * * + -
5k -
3 3 3
W4 2 w4 w2
+2 *2 @2
3t
. . *+2
-2 -1 0 1 2
VA
Stot
bef T ¥ 3 2
- ; ; -
St - *‘6 #‘6 -
< <>
RN S S TR AU S
- 2 - 2
3r -2 - 2
-1 0 | 2

tot



Robust examples of discovering chiral spin liquid
In kagome spin 2 models Shoushu Gong et al
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Interaction-Driven Spontaneous Quantum Hall Effect

on Kagome Lattice Wel Zhu et al.
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‘Entanglement Spectrum: 12/5 FQHE as
Read-Rezayi state Vel Zhu et al

Detected by Entanglement Spectrum:

111001110011100 ... On cylinder, we also find another

ground state: 10101 10101 10101
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Energy and Topological entanglement
entropy: 12/5 FQHE as Read-Rezayi state

energy per electron
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Fractional Quantum Hall Bilayers at Half-Filling:
Tunneling-driven Non-Abelian Phase \Wei Zhu et al.
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Entanglement spectrum and entropy,
Moore-Read vs. Halperin 331

Halperin 331 state
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