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Quantum geometry effects on collective modes in superconductors 
 The recent experimental discovery of the Higgs particle matching the theoretical 
prediction of the Standard Model is among the great achievements of physics. The underlying 
mechanism by which a bosonic condensate (the Higgs field) produces massless modes (such 
as photons) and gapped modes (the Higgs mode, or “particle”) was first predicted by P.W. 
Anderson [1] in condensed matter systems, namely as the two excitations of a superconductor, 
which is a condensate of Cooper pairs of electrons. The Anderson-Higgs mode was observed 
in recent years in quantum materials too, including the NbSe2 superconductor [2]. This 
superconductor has multiple Cooper condensates (due to multiple electronic bands), allowing 
for another collective mode of oscillation between condensates, predicted by Leggett, and 
experimentally detected recently [3]. The NbSe2 material received a lot of interest due to its 
spin-orbit coupling, that leads to quantum geometric effects. The theoretical question is hence: 
How does quantum geometry interplay with collective modes in multiband superconductors? 
 Theoretically, the Anderson-Higgs modes have been studied systematically [4] for 
single-band superconductors in quench experiments, while the more elusive Leggett mode 
was studied [5] for spectroscopic experiments. In our group at LPS Orsay we have studied the 
interplay of quantum geometry and multiband spin-orbit-coupled superconductors such as 
NbSe2 [6], in the context of spectroscopy and thermodynamics. 
 In this internship, the student will study analytically and numerically the dynamics of 
multiple superconducting condensates in toy models of two-dimensional superconductors 
with multiple bands and spin-orbit coupling. The models are inspired by NbSe2, with the idea 
to tune the parameters and observe the effects, if any, of the quantum geometry. The analytical 
part requires a Bogoliubov-de Gennes self-consistent mean-field description of the 
superconductor. A simple static problem can be considered first, extracting the effects of 
quantum geometry on the transition temperatures in presence of magnetic field. Studying the 
collective modes next, numerics will be required to solve the time-dependent equations of 
motion. The study will be complemented with time-dependent versions of Ginzburg-Landau 
equations for the superconducting condensates.  
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