Multiple Quantum Criticality in a two-dimensional
superconducting oxides interfaces

Nicolas Bergeal*!, Johan Biscaras!, Simon Hurand?, Cheryl Feuillet-Palma?, Ramesh
Budhani®, Ankur Rastogi?, Sergio Caprara®, Marco Grilli®, and Jerome Lesueur?

L aboratoire de Physique et d’Etude des Matériaux, CNRS - ESPCI ParisTech, 10 rue Vauquelin -
75005 Paris (LPEM - ESPCI-CNRS) — Ecole Supérieure de Physique et Chimie Industrielle — France
2Laboratoire de Physique et d’Etude des Matériaux, CNRS - ESPCI ParisTech, 10 rue Vauquelin -
75005 Paris (LPEM ESPCI-CNRS) — CNRS : UMRS&213 — France
30T Kanpur-NPL New Delhi — India
41T Kanpur — India
SIstituto Nazionale per la Fisica della Materia,

Unit,di RomalandSM CCenter, andDipartimentodi FisicaUniversitadi RomaLaSapienza — —Italy

Abstract

The achievement of high-quality epitaxial interfaces involving transition metal oxides
gives a unique opportunity to engineer artificial materials where new electronic orders take
place. It has been shown recently that a two-dimensional electron gas 2DEG could form
at the interface of two insulators such as LaAlO3 and SrTiO3, or LaTiO3 (a Mott insula-
tor) and SrTiO3. We studied the magnetic field driven Quantum Phase Transition (QPT)
in electrostatically gated superconducting LaTiO3/SrTiO3 interfaces. Through finite size
scaling analysis, we showed that it belongs to the (24+1)D XY model universality class. The
system can be described as a disordered array of superconducting islands coupled by a two
dimensional electron gas (2DEG). Depending on the 2DEG conductance tuned by the gate
voltage, the QPT is single (corresponding to the long range phase coherence in the whole
array) or double (one related to local phase coherence, the other one to the array). By
retrieving the coherence length critical exponent n, we show that the QPT can be ”clean” or
”dirty” according to the Harris criteria, depending on whether the phase coherence length is
smaller or larger than the puddles size. The overall behaviour is well described by a model
of coupled superconducting puddles in the framework of 2D superconducting QPT.
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