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Nematic superconductors probed by light scattering 
 
In iron based superconductors (Fe SC), the superconducting phase lies in close 
proximity and even coexist with an intriguing electron nematic phase [1]. Electron 
nematics are quantum analogue of liquid crystal phases in soft condensed matter 
physics where the lattice rotational symmetry is broken while leaving the time reversal 
symmetry intact. The order parameter of the nematic phase is a director which in the 
case of tetragonal crystal like Fe SC is an Ising variable. Until recently the origin of 
this quantum phase and its relationship with superconductivity have been largely un-
explored. This is in part due to the difficulty in probing directly the nematic degrees of 
freedom. In our team we have recently shown that light scattering is a very sensitive 
probe of fluctuations of the nematic order parameter [2]. This has allowed us to un-
ambiguously show the presence of an intrinsic instability of the electron liquid where 
the Fermi surface develops a spontaneous distortion that breaks the in-plane symmetry 
of the underlying tetragonal lattice structure.  
 
In this internship we propose to extend this study by employing both elastic and 
inelastic light scattering techniques at low temperature (4K) deep in the nematic phase 
when it coexists with superconductivity. The student will develop a mechanical device 
capable of applying uni-axial strain, the symmetry-breaking field of the nematic order 
parameter, in order to obtain mono-domain crystals and possibly enhance nematicity. 
We will then probe the anisotropy of the superconducting state induced by the 
coexisting nematic order. The study may open new ways of creating new 
superconducting ground state via strain-control. Two families of Fe SC crystals where 
both nematicity and superconductivity coexists will be studied: FeSe and NaFeAs. The 
student will also benefit from theoretical input from the Theory team of MPQ. 
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