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Extreme charge transfer in the misfit layered
compound (LaSe), ,,(NbSe,)

Ondrej Sofranko



Misfit materials

Naturally layered crytals
Unit cell is stabilized by electron transport
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Bulk superconductivity is confirmed by heat capacity measurements
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Bulk VdW system consisting of weakly
interacting 2D layers. These 2D layers are
equivalent of extremely doped NbSe,
monolayer.

Such extreme doping is not achievable by
other means (FET, K/Na deposition ... )

Tunable by Pb = La substitution.

ML NbSe, — is non-centrosymetric system =
electron spins are locked in out-of plane direction
(Ising superconductivity) 2 H, ., >> Hp
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Structure and bonding 1Q1H

e s 001

e

Eqn =-100 meV / A’

° Se zm tm%% Eq=-56.8 meV /A’

* lonocovalent bonding (not vdW like 1Q2H)
* Breaking @Q into Q*
* Q* surface: unstable, ordered only at N2!



Fourier transform of atomically resolved surface is similar to diffraction methods (LEED)



QuasiParticle Interference

*  Electrons can be described as Bloch wavefunctions + scattering = interference = standing wave pattern

Fourier Transform
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Joint-DOS of monolayer NbSe,
‘ hifted of 0.3eV|

Fermi surface of monolayer
NbSe, shifted of 0.3eV:




H surface band structure — DFT & STS
1Q2H

1Q1H
3 UCslab
CC stacking




Surface states, QPI
1Q2H - 1Q1H




H + Q* surface band structure ARPES

E (eV)

Preliminary estimate: shift ~200meV
compared to 1Q2H (H surface) due to
Q* “impurities” surface doping ???
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1Q2H=H || 1Q1H=H+Q*




DFT bulk 1Q1H

2x doping compared to

1Q2H > 8
NbSe, insulating L

LaSe conducting |
Bulk SC from heat capacity w
SCin LaSe

H unfolding

Q unfolding

LSNS 1Q1H (CC stacking) bulk with SOC




Surface STM & STS

Small surface superconducting gap
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Bulk STM & STS

NbSe,

LaSe
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Large superconducting gap in the bulk

T(0) =1.3311 K, A(0) = 0.23249 mV
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Bulk STM & STS

e gap consistent with transport
and heat capacity

Upper critical magnetic field
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Conclusions

1Q2H
VdW crystal

Decoupled doped NbSe,
monolayers

Bulk Ising SC from
noncentrosymmetric
NbSe, 2 Hy,| a0 >> H,

1Q1H

lonocovalent bonds
between layers

Even higher doping =
superconducting LaSe is
decoupled by insulating
NbSe, monolayers

LaSe is centrosymmetric

> whyisHg . >>H, ? G
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