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2D superconductors
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Latest development 1: chiral superconductivity



Latest development 2: twisted TMD

Y. Xia, et al., Nature 650, 585 (2026)



Latest development 3: nickelate
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Introduction to 2H-NbSe2

R. He, et al., 2D Mater. 3, 031008 (2016)

2Ha stacking

From hq graphene

a=b=0.344 nm, c=1.255 nm Ὕ χȢς K

Ὕ σσ K

M. Yokoi, et al., Sci. Adv. 6, eaba1377 (2020)



Introduction to 2H-NbSe2
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ARPES measurements



CDW in bulk 2H-NbSe2
Ὕ ρȢς K

Å CDW appears to be 3x3 in STM

A. Pasztor, et al., Nat. Commun. 12, 6037 (2021)

Å Neutron scattering

D. Moncton, J. Axe, & F. DiSalvo, Phys. Rev. Lett. 34, 734 (1975)
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Ultrathin NbSe2



Superconductivity of ultrathin NbSe2

X. Xi, et al., Nat. Phys. 12, 139 (2016)

Å Dimensionality effect: weakening of 
interlayer Cooper pairing



X. Xi, et al., Nat. Nano. 10, 765 (2015)

ÅCDW enhances as thickness 
decreases

Shear mode
Charge density wave of ultrathin NbSe2
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ÅCDW occurs only around 25 K or below

CDW of monolayer NbSe2 on bilayer grahpene

5 K 25 K 45 K

M. Ugeda, et al., Nat. Phys. 12, 92 (2016)



Gate tuning of bilayer NbSe2

Å  Electron doping weakens 
superconductivity and CDW

X. Xi, et al., Phys. Rev. Lett. 117, 106801 (2016)



K. Zhao, et al., Nat. Phys. 15, 904 (2019)

Disorder enhanced superconductivity in monolayer NbSe2 

NbSe2-xSx

ÅProposal: wavefunction 
multifractality 

ÅCharge transfer? 

ÅWeakening of CDW?

minimalized



Ising superconductivity



Zeeman effect on superconductivity

Magnetic field
Singlet pairing Pairs break up

A. Clogston, PRL 9, 266 (1962); B. Chandrasekhar, APL 1, 7 (1962)
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*Vortex effect neglected

Normal state free energy Superconducting state free energy



Band structure of monolayer NbSe2

M. Calandra, I. Mazin, F. Mauri, PRB 80, 241108(R) (2009)



Band structure of monolayer NbSe2

K YΩ

K YΩ

Breaking of 
inversion 
symmetry

Spin-orbit 
coupling

ÅEffective Zeeman splitting: spins are 
locked to the out-of-plane direction

M. Calandra, I. Mazin, F. Mauri, PRB 80, 241108(R) (2009)



Ising superconductivity in NbSe2

ÅLarge in-plane upper critical field in 
few-layer NbSe2

X. Xi, et al., Nat. Phys. 12, 139 (2016)



P. Tedrow & R. Meservey 
PRB 8, 5098 (1973)

Ising superconductors

DZ* & J. Falson*, Nanotechnology 32, 502003 (2021)

Å Ising superconductivity in spin-orbit coupled two-dimensional superconductors



Aluminum 
thin films

Aluminum 
thin films

ÅNo Zeeman splitting in tunneling gap

ÅContinuous decrease of gap with B//

Continuous phase transition under B//
Trilayer NbSe2 Trilayer NbSe2

E. Sohn, et al., Nat. Mater. 17, 504 (2018)



With in-plane magnetic field

Possible spin-triplet pairing under large B//

T. Dvir, et al., Nat. Commun. 9, 598 (2018)

M. Kuzmanovic, et al., PRB 106, 184514 (2022)



In-plane anisotropy

A. Hamill, et al., Nat. Phys. 17, 949 (2021)

4.2 K

8 T

ÅRotating the sample in the magnetic field



In-plane anisotropy

A. Hamill, et al., Nat. Phys. 17, 949 (2021)

ÅTwo-fold symmetry in the gap response 



C.-w. Cho, et al., Phys. Rev. Lett. 129, 087002 (2022)

In-plane anisotropy in NbSe2 monolayers
ÅTwo-fold symmetry: nematic phase

ÅSix-fold symmetry: nodal phase



In-plane anisotropy: beware of trivial effect
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In-plane anisotropy: beware of trivial effect

Flux lines

Lorentz 
force

Lorentz force=0



Trivial

Solid curves:

With 
intentional 
misalignment 
of 7 degrees

A. Hamill, et al., Nat. Phys. 17, 949 (2021)

Proposed mechanism
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