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Density functional theory for superfluid systems... ... and High-Performance Computing W-SLDA Toolkit
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The TDDFT approach offers a description beyond TDBdG approximation! ¢ We use lattice formulation
¢ 3D without any symmetry restrictions: W=(x,y,z) Present
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Quantum turbulence in Strong’y rnteraCﬁng Fermi gas G. Wlaztowski, M. M. Forbes, S. Sarkar, A. Marek, M. Szpindler, PRELIMINARY I] Simulation SEtﬁn851
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. . . . 10° In all three cases (TDDFT and ¢
We consider the turbulent state in a ultra-cold atomic gas of fermionic o GPE run with n = 8.08) the Unitary Fermi Gas: ake—-oo
type, and contrast predictions with the commonly used Gross-Pitaevskii 3 . amount of dissipated flow BCS Fermi Gas: ake— -1.8
equation. We demonstrate the importance of the energy dissipation S 107 © energy is about the same, being ¢ Lattice: 100°
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Silaev mechanism). o Lo ST T | but the total vortex length does Unitary Fermi Gas: ~27k
Selected frames of the time evolution of the vortex tangle according to TDDFT method 100 - = ~~ . not exhibit similar trend! BCS Fermi Gas: ~108k
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Dissipation in fermionic Josephson junction Dissipative dynamics of quantum vortices
G. Wilaztowski, K. Xhani, M. Tylutki, N.P. Proukakis, P. Magierski, Phys. Rev. Lett. 130, 023003 (2023) A. Barresi, A. Boulet, P. Magierski, G. Wlaztowski, Phys. Rev. Lett. 130, 043001 (2023)

A quantum vortex is

We identify the distinct microscopic ucleated whenever We expose the impact of the
origins of emerging dissipative dynamics ration e e vortex-bound states on dissipative
across the weakly (BCS) and strongly | the speed of sound. dynamics in a fermionic superfluid.
(UFG) interaCﬁ ng |Im|tS 5 __1;,3;:,::52/0 Distribution of Andreev states is affected during

the collision, and some of these states become
even delocalized. Effectively, the vortices Thermal effects
emerge as being heated up after the collision. also contribute!
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Vortices are not  o.1- Spatial distribution of density arising from the Andreev states P

nucleated. but only, before (t < 0) and after collision (t > 0). Relative decrease in distance between vortices
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The setup is inspired by LENS (Florence) experiment: ~ oscillations are 1000 1500 The setup is inspired by LENS (Florence) experiment: in the case of two dipoles colliding head-on in UFG

A. Burchianti et. al., Phys. Rev. Lett. 120, 025302 (2018).  damped. te W. J. Kwon et. al., Nature 600, 64 (2021). and BCS regimes at various temperatures.
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Disordered structures in spin-imbalanced Fermi gas Generation and decay of Higgs mode The Higgs mode s

induced by the
B. Tlizemen, T. Zawislak, G. Wlaztowski, P. Magierski, New J. Phys. 25, 033013 (2023) A. Barresi, A. Boulet, G. Wlaztowski, P. Magierski, Sci. Rep. 13, 11285 (2023) interaction quench.

We investigate properties of spin-imbalanced ultracold Fermi We study the life cycle of the large — » -
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gas in a large range of spin imbalances. amplitude Higgs mode in strongly |

At low polarization values As the polarization increases, the At higher polarizations the system Interactin g Supe rﬂ uid Fermi gas. |a] o8
we predict the structure of system self-organizes into a starts to develop regularities that, 06
the system as consisting of  disordered structures similar to liquid in principle, can be called ; . T The post-decay state is
several spin-polarized crystals, and energetically they can supersolid, where periodic density . \ % characterized by spatial
droplets. compete with ordered structures such modulation and pairing fluctuations of the order

A as grid like domain walls. correlations coexist. \ 0 parameter and density at scales g
|A|/e . comparable to the superfluid
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These results were obtained with BdG functional: states, which become more prominent o | T 1o the decay

Kinetic energy for both spin components + pairing correlations at nonzero spin imbalances.
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