Highlights

ACTIVITY B Superconducting and correlated low dimensional materials and devices for quantum electronics and
spintronicst - 2020
Large Polarons as Key Quasiparticles in SrTiO; and SrTiOs-Based Heterostructures
Andrey Geondzhian,! Alessia Sambri,? Gabriella M. De Luca,*? Roberto Di Capua,>? Emiliano Di Gennaro,*? Davide
Betto,! Matteo Rossi ,*° Ying Ying Peng ,*® Roberto Fumagalli,* Nicholas B. Brookes,*
Lucio Braicovich,“* Keith Gilmore,*” Giacomo Ghiringhelli ,*® and Marco Salluzzo *"

1ESRF—The European Synchrotron, 71 Avenue des Martyrs, CS 40220, F-38043 Grenoble, France
2CNR-SPIN Complesso Monte-Santangelo via Cinthia, 1-80126 Napoli, Italy
Dipartimento di Fisica “Ettore Pancini” Universita" di Napoli “Federico II”, Complesso Monte-Santangelo via Cinthia, 1-80126 Napoli, Italy
“Dipartimento di Fisica, Politecnico di Milano, Piazza Leonardo da Vinci 32, 1-20133 Milano, Italy
SStanford Institute for Materials and Energy Sciences, SLAC National Accelerator Laboratory,
2575 Sand Hill Road, Menlo Park, California 94025, USA
SInternational Center for Quantum Materials,School of Physics, Peking University, Beijing 100871, China
"Condensed Matter Physics and Materials Science Division, Brookhaven National Laboratory, Upton, New York 11973-5000, USA
8CNR-SPIN, Piazza Leonardo da Vinci 32, 1-20133 Milano, Italy
PHYSICAL REVIEW LETTERS 125, 126401 (2020)

Quasiparticles in metals and semiconductors are formed through the interactions of electrons (holes) with the
elementary excitations of the solid, like phonons and magnons. Here, by using titanium L-edge resonant inelastic x-ray
scattering (RIXS) with unprecedent energy resolution we demonstrate that the quasiparticles in bulk SrTiOszand related
heterostructures are large polarons formed by the coupling of itinerant carriers to optical phonons. RIXS spectra on
different samples, from barely undoped SrTiOs to strongly metallic heterostructures, show low (25-30 meV), mid (50-
60 meV) and high energy (90-100 meV, LO3) optical phonons excitations and, at a higher energy (125-135 meV), an
intra-ty; d-d excitation accompanied by the emission of an LO3 optical phonon, which represents a hallmark of large
polarons in STO and LAO/STO bilayers. Furthermore, from the analysis of the RIXS cross section, we find that the
electron-phonon coupling constant of the LO3 phonon mode decreases with the carrier density as consequence of the
screening of the large-polaron self-induced polarization [1].

Beside confirming earlier signatures by ARPES at the surface of STO [2], in LAO/STO [3] and in FeSe/STO bilayers [4], our
study demonstrates more generally the emergence of large polaron physics in both bi- and three-dimensional titanates.
Finally, it emerges that polarons are observed also in nominally undoped STO, with a coupling constant well below the
value expected for small polarons formation. Consequently, we can infer that even at the very low doping level, as that
induced by residual defects or by long living photodoped carriers, 3d* electrons are dressed by long-range polar lattice
distortions, as theoretically predicted in other wide band gap materials like LiF [5]. Future investigations and theoretical
modeling of the normal and superconducting state of STO and STO-based heterostructures will have to take in
consideration the central role of large polarons in these materials
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