
Fragmented superconductivity in the Hubbard 
model as solitons in Ginzburg–Landau theory 

Niccolò Baldelli 
Hannes Karlsson, Benedikt Kloss, Matthew Fishman & Alexander Wietek 

Barcelona Supercomputing Center, Plaça d´Eusebi Güell, 1-3, Les Corts, Barcelona 

niccolo.baldelli@bsc.es 

The phenomena of superconductivity and charge density waves are observed in close 
vicinity in many strongly correlated materials. Increasing evidence from experiments and 
numerical simulations suggests both phenomena can also occur in an intertwined manner, 
where the superconducting order parameter is coupled to the electronic density. Employing 
density matrix renormalization group simulations, we investigate the nature of such an 
intertwined state of matter stabilized in the phase diagram of the elementary Hubbard 
model in the strong coupling regime. Remarkably, the condensate of Cooper pairs is shown 
to be fragmented in the presence of a charge density wave where more than one pairing 
wave function is macroscopically occupied. Moreover, we provide conclusive evidence that 
the macroscopic wave functions of the superconducting fragments are well-described by 
soliton solutions of a Ginzburg-Landau equation in a periodic potential constituted by the 
charge density wave. In the presence of an orbital magnetic field, the order parameters are 
gauge invariant, and superconducting vortices are pinned between the stripes. This 
intertwined Ginzburg-Landau theory is proposed as an effective low-energy description of 
the stripe fragmented superconductor. 
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