Research Topic for the ParisTech/CSC PhD Program
Subfield: (Condensed-Matter physics)
ParisTech School: ESPCI '
Title: Ferroelectricity and superconductivity as competing and cooperative orders
Advisor(s): (Kamran Behnia)
Short description of possible research topics for a PhD:
SrTiOs is the most dilute superconductor currently known. With only 10 electron per formula
unit, the system becomes superconducting. The insulating parent of this remarkable
superconductor is a quantum paraelectric, which becomes a true ferroelectric by replacing
strontium with calcium. We have recently discovered that the two orders coexist in Ca-
substituted-oxygen-deficient strontium titanate. This coexistence is surprising. Ferroelectricity
is a state of matter with a macroscopic reversible static electric dipole and expected in an ionic
insulator without inversion symmetry. Superconductivity occurs in a metal leading to a
macroscopic condensate of Cooper pairs. These two states of matter have little in common.
However, we find that not only they tolerate each other, but quantum fluctuations of the
ferroelectric order strengthen superconductivity. The aim of this research project is to explore
this intriguing case of ferrolectric quantum criticality.
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Fig.1- Evolution of the frequency of quantum oscillations and the superconducting critical temperature with carrier
concentration in strontium titanate.

Required background of the student: (Background in solid-stat physics and material science)
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