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Interesting physics in 2D superconductors

Strong in-plane upper critical field
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Latest development 1: chiral superconductivity
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Latest development 2: twisted TMD
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Latest development 3: nickelate
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Outline

1. NbSet a case study of highly crystalline 2D superconductors

1.1 Dimensionality effect on SC and CDW
1.2 Isingsuperconductivity: from 3D to 2D and back

1.3 Anomalous metal phase: intrinsic vs. extrinsic effects

2. 2D superconductors with topology

2.1 WTe and stanene

2.2 Twisteccuprates



Introduction to 2HNbSe
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Introduction to 2HNbSg ARPES measurements
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CDW in bulk 2HNbSe
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Ultrathin NbSe
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Superconductivity of ultrathin NbSg
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. Charge density wave of ultrathin NbSe
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Side view
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PRL 117, 106801 (2016)

Gate tuning of bilayer NbSe
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Disorder enhanced superconductivity in monolayer NBSe
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Isingsuperconductivity



Zeeman effect on superconductivity
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Band structure of monolayer NbSe
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Band structure of monolayer NbSe

Energy (eV)
ET o

M. Calandra, IMazin F. MauriPRB30, 241108(R) (2009)

S . S N

W Ckdasas \ Y

A

/\ A
[\ [\

Y Q
_Break!ng of ‘ Spinorbit
iInversion :
coupling
symmetry

K 1 T Y Q

A Effective Zeeman splitting: spins are
locked to the outof-plane direction



R(T/R,

R(T)/R,

Isingsuperconductivity in NbSe

Monolayer (T, = 3.0 K)

1.0

05 -+

No. 81

%

— 1.0
— 0.8
— 0.6
— 0.4

— 0.
— 0.0

0.0

0.0

7
® 0 & Monolayer
6 - ® 0 4 Bilayer
0.3 1 Trilayer
5 ~ e o Bulk
g 0.2
"y
=4 E o01-
= <
IU3_ 00 +~r—rT7T 1T
0O 8 16 24 32 A
H|| (T
2 -
T b e A
H,
0 ° : ® IDO ° l"ID & 000G Olnu . s
0.0 0.2 0.4 0.6 0.8 1.0
Te/Teo

A Large inplane upper critical field in

few-layer NbSe

X. Xiget al,, Nat. Phys12,139 (2016)



Isingsuperconductors

A Isingsuperconductivity in spirorbit coupled two-dimensional superconductors
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Continuous phase transition undes,
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Possible spirriplet pairing under largeB,
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In-plane anisotropy

A Rotating the sample in the magnetic field
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In-plane anisotropy

A Two-fold symmetry in the gap response
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In-plane anisotropy in NbSgmonolayers
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In-plane anisotropy: beware of trivial effect
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In-plane anisotropy: beware of trivial effect
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