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A g x a0 "Qfc, Fermi velocity is largly reduced and band is flat.

A Eachflat band hasfour fold degeneracy(2 valleys and 2spins).



Introduction ? phase diagram of MATBG
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Introduction ? the motivation of studying on MATTG

Is it possible to tune these interesting quantum phases situ?
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J. M. Park et alNature 590, 249 (2021)

A Flat bandcoexistswith Dirac band.
A Gatetunable band structure.



Introduction 2 gate tunable phase diagram of MATTG
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A Robust superconductivity exist in both hole and electron side.
A Superconductivity and correlated states are tunable by the displacement field.



Introduction ? emergent quantum phases in MATTG &a
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A A versatile platform for exploring diverse and intriguing quantum phenomenal



Introduction ? uncoventional superconductivity @

A Strangemetal
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A Nodal gap
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A Nematicity
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A Reentrant SCin MATTG
Y. Cao et al.: Nature 595, 526 (2021)

A Order parameter

A Therelation between correlated
stateand SC.
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Double-dome? Landau fan diagram

R, (k)

A The twisted angle isp® !

A The fandiagram agreeswell with the reported MATTGresults.



Double-dome? superconductivity &t\
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A Superconductivity existsin both electron side and holeside and holeside is much stronger.



Double-dome? temperature dependence
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Double-dome? magnetic field dependence
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A Superconductivity is strongly supressed neat C& by magnetic field.

A The left and right domes share a similar maximum critical field.
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Double-dome? bias current dependence
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A DC current strongly suppresses superconductivity nearE  M¢ 8 ¢ 8
A 1-V curve exhibits hysteresis only in the right dome.
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Double-dome? gate-tunable double-dome superconductivity

A Double-dome superconductivity only appearsin a small displacementfield window.

&S

13



Gate-Tunable Double-Dome Superconductivity
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A At alow displacementield, only onesuperconductingomeappearsandthe Dirac band
coexistswith theflat band.

A At a highdisplacementield, onedomeexists andits behaviordiffers from thatin thelow
displacementield region
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Hartree-Fock calculation of Normal-State Properties Acrossh’
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Fermi surface reconstruction across the SC domes
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Double-dome? conclusion

Copper based unconventional superconductor
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B. Keimer et al.: Nature 518, 179 (2015)

A MATTG is another member of thelouble-dome superconductivity family.

A Do the double domes share the sam@igin and order parameter?

A Why does doubledome superconductivity appear only ina small displacement field window?
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H. Q. Yuan et al.: Science 302, 2104 (2003)J-X. Yin: Science Bulletin 68, 568 (2023)
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Double dome superconductivity
only exists in a small displacement

field window

The most direct concequence of
displacement fieldt band structure
change

Change of flat band
width (electron
Interaction)

Hybridzation of Dirac
band and flat band
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Three critical displacement fields 2 n-D mapping

R, (kQ)
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A Robust superconductivity exists on both hole side and electron side.
A Correlated states and superconductivity can be tuned by the displacement field.
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Three critical D? double-dome SC (magnetic field dependence, 12 ml@j
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A Superconductivity istunable by displacement field, with double domes only in the intermediate
window.
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Three critical D? double dome SC (bias current dependence, 12 mK@
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Z. Zhou et. al.Gatetunabledoubledome superconductivity in twistédlayer grapheneNature Physics21, 1773 (2025).
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Supermoire ? supermoiré lattice by spectroscopic measurement

S. Turkelet al.. Science 376, 193 (2022) I. M. Craiget al. Nature Materials 23, 323 (2024)

Interference of two moire lattices can result in a supermoire lattice!

See also:

Y. Li et al.: Nano Letters 22, 6215 (2022),

D. Park et al.arXiv2402.15760 (2024),

C:Y. Hao et al.: Nature Communications 15, 8437 (2024),
J. C. Hoke et akrXiv2410.16269 (2024)
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Supermoiré ? mirror symmetry broken TTG &}
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Supermoiré ? extraction of two twist angles
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Supermoiré ? Brown-Zak oscillations due to supermoiré lattice &)
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A Bx 5T corresponds to the unit of the supermoiré lattice with _ o ®@pnm.
A The expected supermoiré lattice length is — O #nm.
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Supermoire ? Iinteraction-driven iso-spin symmetry breaking &i
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The strong interaction results in isespin symmetry breaking states!
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Supermoiré ? cascade of superconductoinsulator transitions &}
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Resistive states slice the superconducting dome into smaller domes!
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Supermoiré ? two pictures for SCI transitions &)
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Distance between nearby insulators corresponds to half filling cfupermoiré lattice!

Z. Zhou et. al.Strong Correlations and Superconductivity in 8ugermoird_attice Nature Physic22, 225 (2026).



—
Supermoiré ? conclusion @_
A Interference betweentwo moiré lattices results in supermoiré lattice, strongly altering the
band structure.

A Iso-spin symmetry broken states and superconductivity appear in the supermoiré mini
flat bands

A The supermoiré lattice offers a platform to discover and design unexpected electronic
guantum phases
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A We showed the gate tunable double dome superconductivity in MATTG.

A We show there are three critical displacement fields in MATTG, which may uncover the doubl
dome nature in MATTG.
A We observe the existence of supermoiré lattice in the mirror symmetry broken TTG.
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Rhombohedral graphene
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Rhombohedral graphene

Low energy and dispersion follow a power l&@%: Q

At surface layers: Touching pair of flat conduction and valence bahiigh density of stateat low energies and

carrier densities
Berry curvature gives rise a Berry phas® bffor N layers per layer at the valleys

Flat bands and Berry curvature geagetunable
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The Zoo of Superconductivities in RG
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Chiral Superconductivity in RG
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Quantum anomalous Hall statkss
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