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l.  Motivation - 2DEG at theLaAlO,/SrTiO; interface
Il. Model of the paired phase at the LaAlO4/SrTiO, interface

lll. Results:
I. Carrier density dependence of the critical temperature
Il. Effect of electron-electron repulsion
lll. Position of the Lifshitz transition with respect to the
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Iv. LAO/STO in (110) direction
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B 2DEG at the LAO/STO interface
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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 !!!



. Superconductivity at the LAO/STO interface

Characteristic dome of the critical temperature
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Possible explanations:

1.

2.

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

Non trivial link between spin-orbit interaction

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

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



Temperature (K)

Scenario 1: Electronic correlations.
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Scenario 2: Non trivial link between spin-orbit interaction and
superconductivity.
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B scenario 3: Strong pair breaking effect in dirty limit.

PHYSICAL REVIEW LETTERS 121, 127002 (2018)

Unconventional Multiband Superconductivity in Bulk SrTiO;
and LaAlO;/SrTiO; Interfaces
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B Canthe Tc dome be induced by the symmetry of the gap.

Extended s-wave symmetry

A(k)=4Ay, with 7, = (cosk, +cosk,)/2
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B Canthe Tc dome be induced by the symmetry of the gap.

(a) extended s-wave

(d) extended s-wave
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B Theoretical model
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B Theoretical model

Hamiltonian /\
ﬁ — ﬁTBA + ﬁU + ﬁSC

Coulomb repulsion
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B Theoretical model

Hamiltonian /\
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B Results — dome of the critical temperature
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B Results — dome of the critical temperature
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Results — dome of the critical temperature

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



Results — localization of LT versus maximal Tc

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

A. Joshua et al., Nat. Commun 3, 1129 (2012)
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Results — localization of LT versus maximal Tc

Strong pair breaking effect in dirty limit -
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Results — localization of LT versus maximal Tc

A. Joshua et al., Nat. Commun 3, 1129 (2012)
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Results — localization of LT versus maximal Tc
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B Results —localization of LT versus maximal Tc

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

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

Model based on the extended s-wave symmetry of the gap.
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B Effect of the spin-orbit interaction
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Effect of the spin-orbit interaction
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(b) band yz, d-wave

6 (a) band yz, s-wave

(c) band yz, p,-wave

B Critical magnetic field
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Critical magnetic field
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Critical magnetic field
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LAO/STO in (110) direction
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B LAO/STO in (110) direction
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B Conclusions

1.

We have obtained a dome-like behaviour of T 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

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.

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.

Neither the electron-electron interaction, nor the spin-orbit coupling modify significantly the
shape of the T as a function of doping in our model. The SC dome still appears after the
inclusion of both factors.

The symmetry of the gap and the pairing mechanism is still open question which need
further experimental studies.



