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1. Moiré magnetism and correlated topological phases



Topology in 2D Moiré Systems — Quantization

Topological Invariants underpin a variety of quantized phenomena
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First Experimental Realization of Quantum Hall Effect
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Topology in 2D Moiré Systems — Haldane Model

Lattice Analogue to IQH bﬂ<
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Integer Quantum Anomalous Hall Effect

Cr-doped (Bi,Sb),Te, TBG aligned to h-BN
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Fractional Quantum Hall Effect

Integer Quantum Hall
Integer Chern Insulator (ICl)
+

Electron Interactions

Gap Opening
at fractional filling factor

Fractional Chern Insulator
(FCI)
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Fractional Quantum Anomalous Hall Effect

Anomalous = Zero B
Spontaneous TRB by Exchange Interactions (Ferromagnetism)
+
Strong Electron Correlations (Moiré Flat Band)

Twisted MoTe, Bilayer o
BN-proximitized ABC-Graphene
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Interplay of topology and correlation in moiré materials leads to rich
correlated topological phases!



2. Optical control of quantum phases



When FM Meets Topology in 2D Moirés

v In a Chern insulator (Cl), Chern number represents the topology invariant of
the band structure under smooth deformations:
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v’ Twisted MoTe, bilayer emerges with moiré Chern ferromagnet.
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Available FM Control Techniques

Electrical Control Mechanical Control Optical Control
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Current Optical FM Control Mechanisms

Inverse Faraday Effect
(IFE):
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Inverse Faraday effect

Phys. Rev. Lett. 15, 190 (1965)

AC Stark Shift:
Oscillating electric field
amplitude of the light shifts

electronic energy levels.
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Spin Pumping/spin injection:
Quantum selection rules build
up a net spin population
imbalance in the system.
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3. Optical switching of Chern states in twisted MoTe, bilayers



“Poor Man’s” Pump-Probe FM Control

Xiangbin Cai et al., Nature 650, 580-584 (2026)

Each pump-probe cycle:

1. Gatesramp

2.

Initialization with o-
Dark time

Pump with o+

Dark time

RMCD Probe.
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Zero-Field Initialization of Moiré Chern Ferromagnet
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» Trion sensing of correlated gapped states

» CPL helicity dependence of moiré Chern ferromagnet orientations



Direct Optical Switching of Correlated FM

» Direct switching of the

magnetization state in
o : MCFs below the Curie
-1.60 -1.00 -0.67 -0.40 temperature

» Pump power, charge
density and electric
field dependence.
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Sensitivity to BOTH Excitation Energy and Polarization
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» Pump photon energy range matches » Resonant linearly polarized light
the absorption energy of hole-doped pumping suppresses FM, while no
twisted MoTe, bilayers perturbation for linearly polarized

HeNe laser



Robustness of Optical Phase Transition

» Small critical pump powers for complete FM flipping: 20 nW um~2 for v=-1 and
18 nW um=2 forv=-2/3



Direct Optical Switching of Topological Invariant

After o+ excitation
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Domain Wall Control for Programmable Chern Junction

» High spatial precision
for deterministic writing
of FM domain walls
using light at zero
magnetic field
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Unique quantum phase
with co-propagating
chiral edge currents
carrying fractional
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Domain Wall Width
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4. Conclusion and outlook



Take Home Message

v’ Direct all-optical control of integer and fractional Chern magnets,
with record-high optical FM switching efficiency

v Optical FM switching 10%1 f‘,ﬁfpf)“o g;';-:g
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topological domain wall devices. Material Systeiis



» Time-resolved data showing the switching speed.
» Transport (Hall) measurements to confirm Chern number reversal.

» Possible anyon interference in the DW by optically defined FP or MZ interferometers.
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