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Vortex-nucleus interaction
in the neutron star crust [3]

Pairing field dynamics in
nuclear reactions [2]

Quantum turbulence in
the unitary fermi gas

We are interested in superfluid dynamics in various systems, e.g.:

We employ Time-Dependent Superfluid Local Density Approximation: TDSLDA

Solitons/vortices in
spin-imbalanced fermi gases [4]

We have predicted existence of a peculiar object, which we dubbed “ferron”

To describe superfluid dynamics in strongly-correlated Fermionic

systems, we use Time-Dependent Density Functional Theory

(TDDFT) extended to superfluid systems, TDSLDA [1]. We solve it

in 3D uniform grids without symmetry restrictions. Since it requires to

solve a large number (104-106) of 3D, non-linear, coupled PDEs, we do

need supercomputer. With local treatment of pairing, the equations could

be solved efficiently on GPUs: each thread takes care of each lattice

point. With the usage of supercomputers, it has been successfully applied

to, e.g., collisions of two superfluid nuclei [2] as well as vortex-nucleus

dynamics in the inner crust of neutron stars [3].
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The unitary Fermi gas (UFG), routinely realized in ultracold atomic

gases, is a remarkable system possessing universal properties. One of its

features is an exceptionally strong pairing which results in a pairing gap

of the order of half of the Fermi energy. In particular, spin-imbalanced

systems offer the possibility to investigate superfluidity in time-reversal

symmetry breaking conditions.

We extended TDSLDA for spin-imbalanced systems, which we call

“TDASLDA”, confirming its ability against experimental observation

[4]. Based on TDASLDA, we have demonstrated that one may create in

the bulk of the UFG a new type of spatially-localized excitation mode:

spin-polarized droplets with a peculiar internal structure involving an

abrupt change of the pairing phase at the surface of the droplet, which

we dubbed “ferron” [see Fig.1(c)]. The impurity is surprisingly stable,

allowing for investigation of collisions (see Fig.2). The mechanism

responsible for its stabilization is similar to the one responsible for the

FFLO phase, or for the appearance of a Josephson-π junction in

Superfluid-Ferromagnet-Superfluid (SFS)structures [see Fig.1(b)]. Since

the creation of ferrons may be experimentally possible, we expect a

plethora of new phenomena predicted by state-of-the-art simulations [5].
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Fig.2: Head-on collision of two ferrons. Color coding is

the same as Fig.1.

Fig.1: (a) Spin-polarizing potentials that couple to

different spin states with opposite signs. (b) Schematic

structure of the order parameter in the SFS junction.

(c) Structure of the spin-polarized droplet, ferron.


