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Fractional Quantum Hall Effectat B =0T ?
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Two Pathways to Fractional Quantum Hall Effects at B=0T
Twisted TMD Twisted MoTe2

Observation of FQAHE in transport

Signatures of FCI in optics and thermodynamics



Two Pathways to Fractional Quantum Hall Effects at B=0T
Twisted/strained Graphene

—

Observation of Ferromagnetism in transport

Integer quantum anomalous Hall

Signatures of Fractional Chern Insulators > 6T
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Stacking Orders in Multilayer Graphene

stable stable

Lui, C.H., Heinz, T.F. Nano letters, 11(1) (2011).



Staircase to Fractional Quantum Hall Effects at B=0T
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Gate-Tunable Flat Bands in Crystalline Rhombohedral Graphene
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Pristine flat bands

Min, H. and MacDonald, A.H. PRB (2008)

Zhang, F. et al. PRB (2010)
T. Han, Z. Lu...LJ, Nat. Nanotechnol. (2023)



Gate-Tunable Flat Bands in Crystalline Rhombohedral Graphene

Min, H. and MacDonald, A.H. PRB (2008) Gate tunable flat bands

Zhang, F. et al. PRB (2010)
T. Han, Z. Lu...LJ, Nat. Nanotechnol. (2023)



Staircase to Fractional Quantum Hall Effects at B=0T
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Time-reversal pair

Gate-Tunable Berry Curvature ¢

M

K=-K

k space

Koshino, Mikito, and Edward McCann.

Physical Review B 80.16 (2009): 165409, T. Han, Z Lu"... LJ. Nature (2023)

Xiao, D., Yao, W. and Niu, Q. PRL (2007)



Staircase to Fractional Quantum Hall Effects at B=0T
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Berry “trashcan” ?  Flat band is not isolated
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Staircase to Fractional Quantum Hall Effects at B=0T

FQAH?
IQAH
Chern insulator
Correlated insulator |50|ated_
Superconductivity Topological
Flat Bands

Zhou, H... Young, A. Nature 598, 434—438 (2021).
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Magnetic Hysteresis



Streda Formula

Dispersion of the carrier density respect to magnetic field = edge Hall conductivity
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Year 2024-2025 Device 2
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Extended data figure 9 @ Z. Lu... LJ. Nature, 637, 1090 (2025)
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Reproducibility

~0.3 deg

v=2/3, 315, 417, 4/9, 3/7,2/5... v=2/3, 3/5
v=2/3 and 3/5 at 5L rG/hBN observed by Zhengguang Lu (FSU)

v=2/3 at 6L rG/hBN observed by Xiaobo Lu (Peking U): Nat. Mater. 24, 1042-1048 (2025).

v=2/3 at 4L rG/nBN observed by Andrea Young (UCSB): Nature 639, 342-347 (2025)
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Underlying Mechanism ?

Hall crystal

Anomalous Hall crystal ?

Breaks time reversal and
continuous translational
symmetry spontaneously



Puzzles

No isolated flat band in moiré-distant band structure



No consensus yet!!!



Flat band + Berry curvature +N FQAHE

No QAHE, but Superconductor
Different

From all known superconductors



Zhou, H... Young,
A. Nature 598, 434—-438 (2021).
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Superconducting
diode effect at B=0
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Out-of-Plane Magnetic Field Dependence

R,=0uptol4T
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Behaves like a magnet!



out-of-plane B field






Break mirror symmetry Break time-reversal symmetry (T)



arXiv:2409.06701 [pdf, other] cond-mat.mes-hall cond-mat.mtrl-sci cond-mat.str-el

Intravalley spin-polarized superconductivity in rhombohedral tetralayer graphene
Authors: Yang-Zhi Chou, Jihang Zhu, Sankar Das Sarma

arXiv:2411.02503 [pdf, other] cond-mat.str-el

Topological incommensurate Fulde-Ferrell-Larkin-Ovchinnikov superconductor and Bogoliubov
Fermi surface in rhombohedral tetra-layer graphene

Authors: Hui Yang, Ya-Hui Zhang

arXiv:2502.19474 [pdf, other]
Band Renormalization, Quarter Metals, and Chiral Superconductivity in Rhombohedral Tetralayer
Graphene

Authors: Guillermo Parra-Martinez, Alejandro Jimeno-Pozo, Vo Tien Phong, Hector Sainz-Cruz, Daniel Kaplan, Peleg Emanuel,
Yuval Oreg, Pierre A. Pantaleon, Jose Angel Silva-Guillen, Francisco Guinea
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