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Bose Einstein condensates

e Ultracold bosonic atoms
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e Spontaneous symmetry breaking of U(1)
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Bose-Einstein condensate in an Earth-orbiting research lab
D. C. Aveling, et. al, Nature 582,193-197 (2020)
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Dipolar interactions in a BEC

Contact interactions (isotropic)
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Dipolar interactions in a BEC
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DECREASING CONTACT-INTERACTION STRENGTH
‘

Adapted from F. Bottcher et al Rep. Prog. Phys. 84 012403 (2021)
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Spontaneous breaking of translational symmetry Experiments with dipolar atoms

MODULATED DENSITY e  Nature 574, 382-385 (2019).

° Nature 574,386-389 (2019).
° Phys. Rev. X9, 021012 (2019).
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Superfluid modulations in nature
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W. G. Newton, Nature Physics 9, 396-397 (2013)
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Neutron stars

Thin atmosphere: ,
H, He, C.... i Outer crust: ions, electrons

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

Outer core liquid: e, u, SFn,
superconducting protons

Property Typical Range

M 1-2.4 M,

12-15 km
Inner core: unknown
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Neutron stars Glitches

Year
1975 1980 1985 1990 1995 2000 2005 2010
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Monthly Notices of the Royal Astronomical Society, 414, 2, (2011)

. . Superfluids to explain Glitches
Spin-up events in pulsar frequency -> GLITCH

-  Star-quakes
- Quantum vortices

ICCUB Winter Meeting 02/02/2026



Neutron stars Glitches
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Monthly Notices of the Royal Astronomical Society, 414, 2, (2011)

. . Superfluids to explain Glitches
Spin-up events in pulsar frequency -> GLITCH

-  Star-quakes
- Quantum vortices
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Quantum Vortices?

Increasing rotation frequency >

J. R. Abo-Shaeer et. al, Science. 292, 5516 (2001)

e Superfluids cannot rotate like a rigid body.

e Angular momentum -> develop phase h

singularities (vortices) with vanishing density. § VS dl — — n

e The phase must be single-valued -> m
guantized circulation around each vortex core
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Glitches with -
Supersolids -

atmosphere

outer _crus

E. Poli et. al,, Phys. Rev. Lett. 131, 223401 (2023)

e The rotating superfluid phases contain
guantized vortices.

e When the vortices leave the system
their angular momentum goes to solid
crust.

. . . d 4
e \ortices pin due to the density @ 10 10° ~
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E. Poli et. al, Phys. Rev. Lett. 131, 223401 (2023)
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Radially dependent
scattering length

as — as(r)
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Homogeneous superfluid core +
droplet crystal crust

No rotation With rotation

Vortices 0 15000 Vortices 15
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Glitches observation
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Glitches observation
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Glitches observation
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Glitches observation

75
10 15000 = 0]
= 95
12500 S
5 0 _
—10000 - —-925
0 H
L7500 = 10
—9 L 5000 5
N
- T 0 =
—10 2500 =
. 4 -5
_10 i
0

ICCUB Winter Meeting 02/02/2026

S



Glitches observation
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Conclusions & future perspectives

d— Numerical observation of supersolid glitches.

[ Simulation of vortex pinning in different parameter range.
A Observation of internal dynamics and deformations.

d  Include magnetic field tilting

A Include effects of the coupled superconductor phase
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Dipolar Roton
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G. Natale et. al, Phys. Rev. Lett. 123, 050402 (2019)
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NUCLEAR MATTER
NEUTRON STARS

DIPOLAR SUPERSOLIDS

Fermions

Long range attraction
Short range repulsion

Scalar, vector and tensor forces
High density

Density and interactions given by nature

Bosons

Long range attraction and repulsion
Short range repulsion

Dipole-dipole + s-wave scattering
Diluted

Tunable density and interactions
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Glitches in BECs

Glitch model: A. Melatos et. al., Apd 672 1103 (2008)
e The superfluid neutrons contain quantized vortices.
e \Vortices transfer their angular momentum to solid crust.

e \Vortices need a potential to pin in the star’s interior

L. Warszawski , A. Melatos, Mon. Not. R. Astron. Soc. 415, 1611-1630 (2011)
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The evolution model: Feedback equation

Evolution using the dissipative extended Gross-Pitaevskii equation + feedback

., 0¥ . «
zha = (1 —iy)[L[¥; ay, agg, @] — Q(r)L.]P Ltot _
QIS — _Nem - jsﬂ - Lfvorrt LtOt —
Feedback equation to do evolution in the supersolid’s rotating frame.
Solid moment of inertia: R
2 . <Lz>r,r+dr
I, =m ([l — fs(r)]r) fs(r) =1— lim

Q—0 er2

E. Poli et. al., Phys. Rev. Lett. 131, 223401 (2023)
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What is a dipolar supersolid?

(a)91 ..u Homogeneous superfluid
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J. Hertkorn, et. al,, Phys. Rev. Research 3, 033125 (2021)
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