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In what follows

« Condensate shells in different contexts

« Superfluid-Mott systems—realization, collective modes
« Shell expansion

« Connecting with CAL Experiments

« Collective modes contd.
« \Vortices
 Thermometry

Filled Hollow
A=0 0.48 0.52




Condensate bubbles in different settings

Stellar Bodies Gas Mixtures

Thin atmosphere:

H, He, C.... l

Outer crust: ions, electrons

Inner crust: ion lattice, soaked
in superfluid neutrons (SFn)

Outer core liquid: e~, -, SFn,
perconductlng protons
Inner core: unknown
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Optical Lattices---Coexistence—Mott Insulator Shells
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E.g. Campbell et al., Science 2006; Foelling et al., PRL 2006
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De Marco, C. Lannert, SV, T.C. Wei, PRA (2005);

-- G. G. Bartoumi et al PRL (1990) D. Jaksch et al,, PRL (1998) ;



Number fluctuations —
The “wedding cake” scenario
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E.g. D.S. Rokhsar and B. G. Kotliar, Phys. Rev. B (1991); C. Bruder, R. Fazio, and G. Schon, Phys. Rev. B (1993)



Condensate layer---Collective Modes
Pseudospin description
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Collective Modes

Radial modes: Q, =2v6J(n+ 1)¢/5Ry,
Angular modes: Q; =+/3J(n+ 1)¢/Ry,

Can probe in spectroscopy
Effective dimensionality of condensate : tunable, determined by Q. and Q)

R. Barankov, C. Lannert, S.V., PRA (2007); K. Sun, C. Lannert, S.V. (2009)



Free space—3D shell expansion

Simulations in the absence of a lattice
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Mass accumulation, self-interference

C. Lannert, S.V. and T. C. Wei, PRA (2007)

Related: Tononi, F. Cinti and L. Salasnich, PRL (2020)
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Free space—3D shell expansion

Simulations in the absence of a lattice
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Bubbles in Space
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Lundblad et al, NPJ Microgravity (2019)

SPACE & PHYSICS

Ultracold Quantum Collisions Have Been Achieved in Space for
the First Time

K. Padavic, Scientific American, March 2021



Condensates in Bubble Traps

0) £=60 A=100
Voubble(r) = mwi S/ (r2 — A)2/4 4+ Q2

O. Zobay, B.M. Garraway, Phys. Rev. A, (2004); K. Merloti et al, New |. Phys. (2013);
Talk by Garroway



Condensates in Bubble Traps

Hollow

Filled to Hollow
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K. Padavic et al, EPL (2017); K. Sun et al, PRA (2018)



Collective modes and hollowing

Radial Modes (I=0) Surface Modes (large )
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Hollowing-out topological transition:
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modes
« Jump in surface mode :
frequencies ‘ Vubble(r) = mw2SZ/(r2 — A)2/4 + Q2|

_ Wolf et al, arxiv2110.15247
K. Padavic et al, EPL (2017); K. Sun et al, PRA (2018) Relevant talk by Meister



Vortex-Antivortex structure

Simplest
Topologically allowed structure
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Zhang et al, Phys Rev. Fluids (2018)

K. Padavic et al, PRA (2020
Relevant talks by White, Massignan and Dubessy aaavic et a (2020)



Thermometry
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Related: Tononi and Salasnich, PRL (2019) ; Talk by Salasnich



CAL Bubble Experiment and Thermometry
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Future Directions

Realistic traps and further thermometry
Testing collective modes and expansion predictions
BKT physics and vortex dynamics

Coherent states and lowest Landau levels
Non-equilibrium and Kibble-Zurek physics

Expanding Universe
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In Conclusion:

« Condensate shells in different contexts

« Superfluid-Mott systems—realization, collective modes
« Shell expansion

« Connecting with CAL Experiments

« Bubble trap collective modes
« \Vortices

 Thermometry
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