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Renewed interest to SrTiOé

A Band structure
A Electronrphonon interaction: large or smaiblarons
A Superconductivityt low concentrations

A Optical response

Measurements of the effects @lectron-
phononcoupling using angleesolved
photoemissionARPES 1]

- Direct evidence of the band energy
spectrum

Optical conductivity: agreement with the
large-polarontheory

1W. Meevasaneaet al., New J. Phy4.2, 023004 (201D
2J. L. M. vaMechelenet al., PhysRev Lett. 100, 226403 (2008
3J. T. Devrees§K,J. L. M. van Mechelen, and D. van Mrel, PhysRev.
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Dielectric function method

The effective potential

Dielectricfunction method: KMK [1] VE (q.iQ) — 4me?
extended for a multiband crystal witin bands (q, i§2) = g2ct (q, ,m)

Is expressed through the total
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DFT method for electron and phonon states: C. Franehini,
Phys Rev. B1, 085204 (2015)
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The lowestenergyTO - Ferroelectric mode

1D. A.Kirzhnits E. GMaksimovand D. IKhomskii J. Low Temp. Phyk), 79 (1973.

2SKJ.Tempere J. TDevreeseand D. van dearel, J. Sup. NoWlagn 30, 757 (201Y

3B.Rosensteiret al., Phys. Rev. 84, 024505 (2016

4P Chandrat al. Rep Prog. Phys30, 112502 2017
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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 nparabolic band structure of strontiutitanate,
the calculated domehaped density dependence gfis in agreement with experiments

SKJ.Tempere J. TDevreeselJ. He, CGFranchiniand G KresseJ. Sup. No¥agn 32, 2739 (2019)



Isotope effect in SrTiOi

No substitution
= == = Complete substitution

“Oto 'O

With experimental

TO-phonon frequency shift
=—===Extreme softening of the _,*

lowest-energy TO
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The observed isotope effect has
a sign opposite taonventional

superconductors | o
Carrier density (cm )

The dielectric function method predicts the correct sign of the isotope effect in SalligXxo
softening of TO phonon modes.

SKJ.Tempere J. TDevreeseJ. He, Gcranchiniand G KresseJ. Sup. NoWagn 32, 2739 (2019)
D. van deMarelet al., Sci. Refs, 37582 (2016 5



Many-polaron optical response

The optical conductivity in the memaofynction form using :
(! Z
VQ+id—x(Q)/(Q+id)

Oz () =

with the normalization constant accounting for bandnparabolicity
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The memory function is expressed through the fefarce correlation function

i e?

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

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

J. TDevreese SK, J. L. M. vahechelen and D. van deiMarel, Phys. Rev. &1, 125119 (2010)
SK J.Tempere J. TDevreese C.Franchiniand G Kresse Appl. Scil0, 2059 (202D



SrTiOE: Many-polaron optical conductivity accounting for dynamic screening

Largepolaronoptical conductivity ‘ x=0.1%
spectral: 2in comparison with the 3 S .
; resent calculation
: Without dynamic
screening
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Many-body effects are taken into
account
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The densityof-states approximation [1]:
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g (k) - g (k) with the same density of
states as for (k).
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The lowenergy feature appears due to the
dynamic screening of the Coulomb
interaction by LO phonons
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Conclusions

Thedielectric function method is capable to interpret
superconductivity irstrontium titanate.

Many-polaronoptical conductivity in SrTihas been revisited.

The shape of the maRyolaronoptical conductivity spectrum is
explainedwithin the densityof-statesapproach, including the 130
meV feature without involving additionahechaniisms



