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Theoretical Interests:

Interaction Effects

Haldane Model
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Part A

Haldane-Hubbard Model
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The Haldane Model
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The Haldane Model
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Quantum Anomalous Hall Effects: Quantized Hall conductance without
external magnetic field
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1. Model 1s much complicated than Haldane model;

2. Growing this material 1s very challenging;
3. It lacks of flexibility of tuning parameters (e.g. interactions).

C. Z. Chang, et.al. (Tsinghua and IoP), Science, (2013)
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The Haldane Model
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Quantum Simulation of the Haldane Model

How to implement this next nearest hopping in cold atom system ?
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Shaking Lattice Scheme
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With resonant shaking, small shaking amplitude can
make a significant change in dispersion

C. V. Parker, et.al. (Chicago), Nat. Phys. 9, 769 (2014)
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Shaking Lattice Scheme
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Shaking Lattice Scheme
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Shaking Lattice Scheme
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Extending our work to interacting systems requires sufficiently low
heating. We investigate this with a repulsively interacting spin mixture

in the honeycomb lattice previously used for studying the fermionic

Mott insulator”. We measure the entropy in the Mott insulating regime

by loading atoms into the lattice and reversing the loading procedure
(see Methods and Extended Data Fig. 3). The entropy increase is only 25%

larger than without modulation. This opens up the possibility of study-

ing topological models with interactions® in a controlled and tunable

“ Little is known ”

----- Tilman / Yesterday
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The Haldane-Hubbard Model

Spin-1/2 fermions
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The Haldane-Hubbard Model

Spin-1/2 fermions
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The Haldane-Hubbard Model

Spin-1/2 fermions
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Gap close ?

First-order transition ?

A

Topological Phase Transition




Relation between magnetic order and topology
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Relation between magnetic order and topology
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Berry phase == solid angle expanded by spin vector
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Relation between magnetic order and topology
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How magnetic order driven topological transition
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Magnetic order driven topological transition
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In contrast with
non-topological case
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Field Theory Approach

S = / dtd’r (L, + L+ Lr)

Nonlinear Sigma model:
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Field Theory Approach
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Field Theory Approach
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Part B

Synthetic Dimension




Concept of Synthetic Dimension
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Experimental Progresses on Synthetic Dimension

Magnetic flux lattice in 2d: 0 Spin-orbit coupling in 1d:
Chiral edge state Spin-momentum locking
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Dimension

o & [ Yo > ¢ N

Physical dimension

1. Interaction is short-ranged in physical dimension, but long-ranged in
synthetic dimension.




Interaction Effects on Synthetic Dimension
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2. V 1s not the only relevant parameter.
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v =1/3 Charge pumping diagram
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