.
=

e

£

Bandwidth-tuned Mott transition and ©-
superconductivity in moiré WSe2

Yiyu Xia, Zhongdong Han, Jiacheng Zhu, Yichi Zhang, Patrick
Knuppel, Kenji Watanabe, Takashi Taniguchi, Kin Fai Mak & Jie Shan

Nature 650, 585-591 (2026) \\

Jibin N Sunil
Journal club /10-04-2026 g




Introduction

\

cuprates

Generally complex
Not easily tunable

Difficult in Modeling /}

Hubbard Model

Simple interaction on lattice
Capture essential physics

Rich but hard to solve '
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Presenter Notes
Presentation Notes
"To begin today’s discussion, we have to look at what remains the 'holy grail' of condensed matter physics: understanding high-temperature superconductivity."
"The first box on our slide represents this goal, symbolized by $T_c$, the critical transition temperature."
"Since the discovery of high-$T_c$ materials, scientists have been chasing a room-temperature superconductor that could revolutionize power grids and transportation."
"However, achieving this requires us to look at a specific family of materials known as 'strongly correlated systems.'"
"The most famous of these are the cuprates, which you see represented in the second box."
"While cuprates hold current records for $T_c$ at ambient pressure, they are notoriously difficult to work with in a laboratory setting."
"As the sketch illustrates, their internal structures are incredibly complex and chemically 'messy.'"
"One major hurdle is that they are not easily tunable; we cannot simply turn a knob to change their electronic properties at will."
"This lack of flexibility makes accurate theoretical modeling a significant challenge for researchers."
"To strip away this complexity, physicists turn to the Hubbard Model, shown in our third box."
"The Hubbard Model is a simplified theoretical framework that describes how electrons interact on a lattice."
"It focuses on two main things: the kinetic energy of electrons hopping between sites and the potential energy of their repulsion."
"Most theorists believe that this simple model actually captures the essential physics behind high-$T_c$ superconductivity."
"If we could perfectly solve the Hubbard Model, we might finally unlock the secrets of the cuprates."
"But there is a catch: obtaining accurate solutions in the 'moderate correlation' regime is mathematically grueling."
"We are stuck between a material that is too messy to study and a model that is too hard to solve."
"This brings us to the core problem of my presentation today: how do we bridge this gap?"
"We need a platform that is as clean as the Hubbard Model but as physically real as the cuprates."
"In the next slide, I will show how we can move beyond these limitations using a fascinating new material system."
"Let's explore how twisted Moire $WSe_2$ allows us to 'build' a tunable Hubbard Model in real life."



Moire superlattice in WSe2

* The twist angle (6) determines the size of the moiré unit cell.
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H. Pan et al., Phys. Rev. Research 2, 033087 (2020)
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Device structure
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Determination of quasiparticle effective mass
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Continuum Model calculations
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Resistance Measured as a function of Twist angle
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As the twist angle increases, the correlated insulators gradually melt (correlation effects weaken as the moiré period

decreases)
* the mostrobust superconducting state always appears right next to the ‘melting point’ of the v =1 insulator
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Phase diagram and temperature dependence of superconductivity
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Anti ferromagnetic phase
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Anti ferromagnetic phase — Temperature dependence
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Anti ferromagnetic phase — Confirmation with magnetic circular dichroism
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Anti ferromagnetic phase — Finding Ty,
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More interesting phases
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More interesting phases — 1. Strange Metal Phase
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Strange Metal Phase- in phase diagram
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More interesting phases — 2. Strange Metal +
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Strange Metal Phase+ —in phase diagram
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More interesting phases — 3. Fermi liquid
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Fermi liquid-in phase diagram
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Phase diagram for different Electric field
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Conclusions

{ Twisted WSe, isn't just a material; it’s a tunable laboratory ]

This system looks exactly like a "miniature version" of high temperature superconductors.

Fermi
liquid

Strange metal

Pseudogap

Temperature

A

AFM

Doping

Pseudogap

Strange metal

X. Zhou et al., Nat Rev Phys 3, 462—-465 (2021)
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