Exploring the Interplay of Ordered and Fluctuating States in
Fe(Se:S): The Role of Internal Parameters and Uniaxial Strain
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Unconventional superconductivity often arises in materials with complex interactions,
where competing ordered states such as magnetism, nematicity, and superconductivity,
inferact and sometimes overlap, making their nature elusive. Among iron-based
superconductors, the isostructural FeSe and FeS may appear similar at first glance but differ
significantly in their physical properties. While FeSe undergoes a nematic and structural
phase transition, FeS does not exhibit a structural transition even at the lowest
temperatures, with its critical temperature (Tc) halved compared to FeSe. Interestingly, by
substituting selenium with sulfur in FeSe, the nematic phase transition temperature can be
suppressed to zero near a quantum critical point (QCP), resulting in a significant drop in Tc
[1, 2]. It has been suggested that while spin-fluctuations dominate below the QCP and
significantly affect electron-phonon interactions, nematic fluctuations become prominent
above the QCP [3]. Given their exceptional sensitivity to variations in local crystal structure,
iron-chalcogenides are ideal candidates for studying the interplay between ordered and
fluctuating states through manipulation of internal parameters (doping) and external ones,
such as uniaxial strain. Here, we present a study of all types of excitations, including
phonons, charge, and spin fluctuations in Fe(S:Se) using inelastic light scattering
experiments. Finally, we analyse the evolution of lattice dynamics as a function of uniaxial
tensile strain along the Fe-Fe bond direction (that contains the nematic component) and
along the direction diagonal fo it in FeSe.
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