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T? dependence of resistivity
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Superconductivity
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Stucky et al., Sci. Rep. 6, 37582 (2016). Tomioka et al., Nat. Commun. 10, 738 (2019).



Ferroelectric STO
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Ferroelectric STO Sr1_,Ca,TiO3
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Soft transverse optical phonons  wq = \/w%o + 52¢?

wTO ~ 1.5meV

s = 6.6 km/s Rischau et al., NatPhys 13, 643 (2017).
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Electrons with spherical FS Soft TO phonons
Fr ~1meV, n=5x10" cm™3 wro ~ 1.omeV

Suppressed Coulomb interaction € = 2 X 104 wp ~ 100meV



Electron interaction with two TO phonons
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Ngai PRL1974; Epifanov, Levanyuk, and Levanyuk Ferroelectrics 1981, 1982;

Marel, Barantani, and Rischau PRR2019;

Kumar, Yudson, and Maslov PRL2021; Nazaryan and Feigel'man PRB2021;



Transport scattering rate

The corresponding resistivity scales as
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Two-phonon interaction in the Cooper channel

wp > pn Gorkov and Melik-Barkhudarov, JETP 40, 1452 (1961).
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Another set of experiments put the two-phonon mechanism to the test.

New experimental signatures upon making STO ferroelectric.



Ferroelectricity and superconductivity in STO

Scheerer et al., Condens. Matter 5, 60 (2020).
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Rischau et al., NatPhys 13, 643 (2017).
Superconductivity and ferroelectricity-related resistivity anomaly in metallic STO.
Tre in metallic phase coincides with that in insulating phase.

Resistivity anomaly at Tge confirms that metallic and ferroelectric phases coexist.



Experiments show that ferroelectricity enhances T,
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We propose the following electron-phonon interaction in the ferroelectric state:

Hem=ﬂ/ﬁﬁ+P®WWWQW@

Where P is the vector of spontaneous ferroelectric polarization.
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The TO phonon gap in the ferroelectric state is wTo X Fy




The electron-phonon interction potential is anisotropic:
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Result: electron life-time due to interaction with one TO phonon
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The amplitude decreases with the increase of Tsg/wro(0)



Result: anisotropy of electric current
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One-phonon adds to two-phonon contribution and increases T..



Electron interaction with one TO phonon in ferroelectric metal.

One-phonon mechanism results in anisotropic electric transport.

Enhancement of superconducting transition temperature.

V. Zyuzin and A. Zyuzin, arxiv: 2201.03091












