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Motivation We are interested in superfluid dynamics in various systems, e.g.:
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Vortex-nucleus interaction Pairing field dynamics in Solitons/vortices in Quantum turbulence in
in the neutron star crust [3] nuclear reactions [2] spin-imbalanced fermi gases [4] the unitary fermi gas

Methoo We employ Time-Dependent Superfluid Local Density Approximation: TDSLDA

To describe superfluid dynamics In strongly-correlated Fermionic | .
TDSLDA: TDDFT with local treatment of pairing

SySte m S ) We u Se Ti m e- D e pe n d e nt D e n S i ty F u n Cti O n al T h eo ry Kohn-Sham scheme is extended for non-interacting quasiparticles

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

) ! _ _ _ _ _ _ _ » TDSLDA equations (formally equivalent to TDHFB or TD-BdG equations)

In 3D uniform grids without symmetry restrictions. Since It requires to O\ [ hn(mt) R 0 A\ fups(rd

solve a large number (104-109) of 3D, non-linear, coupled PDEs, we do (i‘,g;jg:;%) - (’j&(”"'”) fgi{';,?) _‘ﬁfg’*ﬁ% _?;fgr,fg) (ifiji’gff %)
Vg, L (7, T (r,t —;-,IT r.t —Lh r.t Vg, (7, 1

need supercomputer. With local treatment of pairing, the equations could
be solved efficiently on GPUs: each thread takes care of each lattice

SE ng(r,t) = Z vko (7, t)|* : number density
hy = —— : s.p. Hamiltonian Er<E.

point. With the usage of supercomputers, it has been successfully applied oo W)= 3 wnr(r. )iy (r,1) : anomalous density
- - - - OF . Ey<E.

to, e.g., collisions of two superfluid nuclei [2] as well as vortex-nucleus A =g ¢ pairing field Gl )= Tmfuf,, (ry) Von(r, 6] : curtent

dynamics in the inner crust of neutron stars [3]. |

o _ A large number (104-10%) of 3D coupled non-linear PDEs have to be solved!!
1 A. BUIgaC, Ann. Rev. Nucl. Part. Sci. 63, 97 (2013) # of qp orbitals ~ # of grid points

2] P. Magierski, K. Sekizawa, and G. Wlaztowski, Phys. Rev. Lett. 119, 042501 (2017).
3] G. Wlaztowski, K. Sekizawa, P. Magierski, et al., Phys. Rev. Lett. 117, 232701 (2016).

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

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 nodal plane:
“TDASLDA”, confirming Iits ability against experimental observation nodal points oFier parameter changes Sigh
[4]. Based on TDASLDA, we have demonstrated that one may create In  Fig.1: (a) Spin-polarizing potentials that couple to
the bulk of the UFG a new type of spatially-localized excitation mode: different spin states with opposite signs. (b) Schematic
spin-polarized droplets with a peculiar internal structure involving an structure of the order parameter in the SFS junction.
abrupt change of the pairing phase at the surface of the droplet, which (C) Structure of the spin-polarized droplet, ferron.
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 Q 8 8 e e
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Fig.2: Head-on collision of two ferrons. Color coding is
the same as Fig.1.
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FFLO phase, or for the appearance of a Josephson-m junction In
Superfluid-Ferromagnet-Superfluid (SFS)structures [see Fig.1(b)]. Since
the creation of ferrons may be experimentally possible, we expect a
nlethora of new phenomena predicted by state-of-the-art simulations [5].
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