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 Band structure

* Electron-phonon interaction: large or small polarons?

* Superconductivity at low concentrations

* Optical response

Measurements of the effects of electron—
phonon coupling using angle-resolved
photoemission (ARPES) [1]

— Direct evidence of the band energy

spectrum

Optical conductivity: agreement with the

large-polaron theory

LW. Meevasana et al., New J. Phys. 12, 023004 (2010).
2). L. M. van Mechelen et al., Phys. Rev. Lett. 100, 226403 (2008)

Renewed interest to SrTiOé
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3). T. Devreese, SK, J. L. M. van Mechelen, and D. van der Marel, Phys. Rev. B 81, 125119 (2010)



Dielectric function method

The effective potential

Dielectric function method: KMK [1] VE (q.iQ) — 4me?
extended for a multiband crystal with bands (q? ¢ ) _ q‘z.Eft (q‘ 'iQ)

1 : fort Blese, | is expressed through the total
anh —— : : : :
Ay (p) = — - / dk A, (k) 2 dielectric function constituted
(2m)° . 2 |ex | by both many-electron and

phonon responses.
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DFT method for electron and phonon states: C. Franchini et al.,
Phys. Rev. B 91, 085204 (2015)
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The lowest-energy TO - Ferroelectric mode

1D. A. Kirzhnits, E. G. Maksimov and D. |. Khomskii, J. Low Temp. Phys. 10, 79 (1973).

2SK, J. Tempere, J. T. Devreese, and D. van der Marel, J. Sup. Nov. Magn. 30, 757 (2017)

3B. Rosenstein et al., Phys. Rev. B 94, 024505 (2016)

4P Chandra et al. Rep. Prog. Phys. 80, 112502 (2017)

>M. N. Gastiasoro, A. V. Chubukov and R. M. Fernandes, PRB 99, 094524 (2019) 3



Dielectric function method (DFM) for superconductivity:
application to bulk SrTiOi

—DFM, D =4 ¢V
=—==DFM, D=0
DFM, extreme softening, D =4 eV
=e==-= Eliashberg theory
--A--Koonce, 1967
--v--Binnig, 1980
Lin, 2014 (Nb-doped)
--m--Lin, 2014 (reduced)
—--0-- Schooley, 1964
—-O—-Collignon, 2017

Carrier density (cm_3)

Using experimental parameters and the non-parabolic band structure of strontium titanate,
the calculated dome-shaped density dependence of T_is in agreement with experiments

SK, J. Tempere, J. T. Devreese, J. He, C. Franchini and G. Kresse, J. Sup. Nov. Magn. 32, 2739 (2019)



Isotope effect in SrTiOi

No substitution
= == = Complete substitution
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The observed isotope effect has
a sign opposite to conventional

120
superconductors 10

Carrier density (_c-m_3_)

The dielectric function method predicts the correct sign of the isotope effect in SrTiO; due to
softening of TO phonon modes.

SK, J. Tempere, J. T. Devreese, J. He, C. Franchini and G. Kresse, J. Sup. Nov. Magn. 32, 2739 (2019)
D. van der Marel et al., Sci. Rep. 6, 37582 (2016) 5



Many-polaron optical response

The optical conductivity in the memory-function form using :
1 Z
VO +id—x(Q)/(Q+id)

Oz () =

with the normalization constant accounting for band nonparabolicity

o
TR Z Z Z 2)];2 freo

The memory function is expressed through the force-force correlation function

i e?

x (Q) = =7 fooo dt e~ (emt — 1) ([Fz (t) , Fz (0)])g

The correlation function is calculated within RPA taking into account the dynamic screening

J. T. Devreese, SK, J. L. M. van Mechelen, and D. van der Marel, Phys. Rev. B 81, 125119 (2010)

SK, J. Tempere, J. T. Devreese, C. Franchini and G. Kresse, Appl. Sci. 10, 2059 (2020)



SrTiOE: Many-polaron optical conductivity accounting for dynamic screening

Large-polaron optical conductivity S x=0.1%
spectra 2 in comparison with the et caleulation
experimental data 3

Without dynamic
screening
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Many-body effects are taken into
account

The density-of-states approximation [1]:

&, (k) = g, (k) with the same density of
states as for g, (k).

Re o(Q2) (S/cm)

The low-energy feature appears due to the
dynamic screening of the Coulomb
interaction by LO phonons
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Conclusions

The dielectric function method is capable to interpret
superconductivity in strontium titanate.

Many-polaron optical conductivity in SrTiO; has been revisited.

The shape of the many-polaron optical conductivity spectrum is
explained within the density-of-states approach, including the 130-
meV feature without involving additional mechaniisms



