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Properties:

a) Two dimensional electron gas

b) Spin-orbit interaction

c) Ferroelectricity

d) Magnetism

e) Superconductivity (low electron density !)

f) Superconductivity + magnetism

We can control all of them by gate voltage !!!



A. Joshua et al., Nat. Commun 3, 1129 (2012)

Characteristic dome of the critical temperature

Possible explanations:

1. Electronic correlations –
E. Maniv et al., Nat. Commun 6, 8239 (2015)

2. Non trivial link between spin-orbit interaction
and superconductivity.
P. K. Rout et al., Phys. Rev. Lett. 119, 237002 (2017)

3. Strong pair breaking effect in dirty limit
T. V. Trevisan et al., Phys. Rev. Lett. 121, 127002 (2018)

Superconductivity at the LAO/STO interface



Scenario 1: Electronic correlations.

PRL, 118, 106401 (2017)



Scenario 2: Non trivial link between spin-orbit interaction and 

superconductivity.



Scenario 3: Strong pair breaking effect in dirty limit.

 Repulsive interband interaction

 Two band model

 Maxima of 𝑇𝑐 exactly in Lifshitz transition
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Can the Tc dome be induced by the symmetry of the gap. 



Theoretical model

 𝐻 =  𝐻𝑇𝐵𝐴 +  𝐻𝑈 +  𝐻𝑆𝐶

Hamiltonian
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 𝐻 =  𝐻𝑇𝐵𝐴 +  𝐻𝑈 +  𝐻𝑆𝐶

Hamiltonian

 𝐻𝑈 = 𝑈 

𝑖𝑙

 𝑛𝑖𝑙↑  𝑛𝑖𝑙↓ + 𝑉 

𝑖𝑙𝑙′

 𝑛𝑖𝑙  𝑛𝒊𝑙′

𝑈 = 𝑉 = 2 eV

Coulomb repulsion

 𝐻0 =

𝜖𝒌
𝑥𝑦

0 0

0 𝜖𝒌
𝑥𝑧 𝜖ℎ𝒌

0 𝜖ℎ𝒌 𝜖𝒌
𝑦𝑧

Theoretical model



 𝐻 =  𝐻𝑇𝐵𝐴 +  𝐻𝑈 +  𝐻𝑆𝐶

 𝐻𝑆𝐶 = −𝐽 

𝑖𝑗𝑙

 𝑐𝑖𝑙↑
†  𝑐𝑗𝑙↓

†  𝑐𝑖𝑙↓  𝑐𝑗𝑙↑ − 𝐽′ 
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†  𝑐𝑖𝑙′↓  𝑐𝑗𝑙′↑
pairing pair-hopping

Superconducting pairing

Hamiltonian

 𝐻𝑈 = 𝑈 

𝑖𝑙

 𝑛𝑖𝑙↑  𝑛𝑖𝑙↓ + 𝑉 

𝑖𝑙𝑙′

 𝑛𝑖𝑙  𝑛𝒊𝑙′

𝑈 = 𝑉 = 2 eV

Coulomb repulsion

Theoretical model



Results – dome of the critical temperature
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Spin-orbit coupling !!!

Results – dome of the critical temperature



Results – dome of the critical temperature

MZ, P. Wójcik, Phys. Rev. B 102, 085420 (2020)
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Coulomb repulsion

A. E. M. Smink et al., Phys. Rev. Lett. 118, 106401 (2017)

For (001) direction electronic correlations do not play an important role !



Results – localization of LT versus maximal Tc

LT
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Strong pair breaking effect in dirty limit -
T. V. Trevisan et al., Phys. Rev. Lett. 121, 127002 (2018)
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Strong pair breaking effect in dirty limit -
T. V. Trevisan et al., Phys. Rev. Lett. 121, 127002 (2018)

Results – localization of LT versus maximal Tc



Results – localization of LT versus maximal Tc
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Results – localization of LT versus maximal Tc
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„This suggests that the emergence of the

superconducting phase is mainly related to the 

filling of dxz/dyz bands, whose high density of 

states is favorable to superconductivity.„



Results – localization of LT versus maximal Tc

LT

Model based on the extended s-wave symmetry of the gap.



Results – localization of LT versus maximal Tc
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Model based on the extended s-wave symmetry of the gap.



Results – localization of LT versus maximal Tc

LT

Model based on the extended s-wave symmetry of the gap.



without SOCwith SOC

Effect of the spin-orbit interaction



Δ 𝑅𝑆𝑂 = ΔSO=30 meV

Effect of the spin-orbit interaction

P. Wójcik, MZ, MPN Phys. Rev. B 104, 174501 (2021)



P. K. Rout et al., Phys. Rev. Lett. 119, 237002 (2017)

CC limit

Critical magnetic field

Critical magnetic field beyond CC limit !!!
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Critical magnetic field

Long superconducting tail in the presence of spin-orbit interaction.



Critical magnetic field

 Critical magnetic field higly beyond CC limit

 Strong anisotropy of critical field



LAO/STO in (110) direction

Electronic structure

Superconducting gap for low pairing strength

Phase diagram for bulk STO



LAO/STO in (110) direction

Electronic structure

Experiment

Theory vs. experiment



LAO/STO in (110) direction

Hypothesis: In this experiement the authors see both
domes overlapped due to the intersubband Cooper pairs
hopping.



Conclusions

1. We have obtained a dome-like behaviour of TC which is also observed in the experiments. In 

our approach this effect is due to the extended s-wave symmetry of the gap realized within a 

real-space pairing scenario

2. According to our analysis the lower critical concentration for the apearance of the 

superconducting phase corresponds to the Lifshitz Transition after which the upper xz and yz

bands start to be populated.

3. According to our analysis the non-monotonic behaviour of the number of electrons occupying

the lower band is due to the inter-orbital Coulomb interaction.

4. Neither the electron-electron interaction, nor the spin-orbit coupling modify significantly the 

shape of the TC as a function of doping in our model. The SC dome still appears after the 

inclusion of both factors.

5. The symmetry of the gap and the pairing mechanism is still open question which need

further experimental studies.


