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Quantum Vortices

« Macroscopic superfluid wavefunction W(r, t) = /n(r, t)e ¢t

: h
* Irrotational, v = Eng =>VXxv=0

- Phase defect, ¢ = k@ =>v =59
mr
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Glitches and Vortex Pinning and Avalanches

Analogy with type-Il superconductor
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Superfluid Modelling
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Superfluid Modelling
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Toward Larger Scales
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Glitches and Vortex Pinning and Avalanches

* Dissipative Gross-Pitaevskii model (dGPE)

h2v? -
thogp(r,t) = (1 —iy) [— S+ V() + gl Ol* — QM)L, ~ u] Y(r,t)
4 d(L,) n

(NN
W=
GO

SO
[ | :
|

10000 —

N T T T !
¥ ]
_ Vo ——mm 3
: | . —-a
1000 £ é é i“"”_—_:”m”t 4 D)
Mk ]

. a€(081.2)

p(80/0)

100 §

A0/0

Warszawski & Melatos, MNRS 415, 1611 (2011)
Melatos, Douglas & Simula, Ap 807, 132 (2015)




\%\SCALES Coimbra 2026

Glitches and Vortex Pinning and Avalanches

e | 10. Bouquets of Topological Defects and Pinning in Neutron Stars
2 Marco ANTONELLI

34. Vortex Avalanches and Pinning Scales
2 Ali Alpar (sabanci U

38. Vortex-nucleus interaction in the inner crust of neutron star [ 29 \ortex pinning in a spin-triplet superfluid
2 Daniel Pecak

-~

2 Riku Rantanen

v g q
(a) Before (b) After : . . = . | .C,a.dlabatlc
1 A o
LG .
I | :
1 2 T . vc,klcki T
- \h“*\ ; | |
T Py . | 4
e T
— ‘?\. .
() PN [
w- 8 N 1
1 — —0— %y v R :
S 6 vc,energy \\- 1
o Yy v =
_V0=0,W=O ’ | \‘\
< 0.6 analytical ansatz || 4 o | .\--
= —V =26 ,w=g (| T v,vy |
< 04 —V =2E  w=2¢, | 2 N Liu, Prasad, Baggaley, : | 1
——V =2E ,w=3¢, ps,vy Barenghi, Wood, JLTP (2024); i.
0.2 s 0 Y P el - S PR ;
LA T T 0 0.05 0.1 0.15 0.2 0.25
0 2 4 6 8 v (C
r/& y ( 0)



\%\SCALES Coimbra 2026

Glitches and Vortex Pinning and Avalanches
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Glitches and Vortex Pinning and Avalanches
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Micro vortex movement
And re-equilibration
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Glitches and Vortex Pinning and Avalanches
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Glitches and Vortex Pinning

Micro vortex movement
And re-equilibration
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Glitches and Vortex Pinning and Avalanches
* Critical Vortex Depinning Velocity

Liu, Prasad, Baggaley, Barenghi, Wood, JLTP (2024)
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(20% higher is possible according the adiabatic probe)
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Superfluid Modelling

e Gross-Pitaevskii model
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* Preliminary Results
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Mesoscopic Simulation
* Point-Vortex Model
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Mesoscopic Simulation
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* PVM mapping
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Mesoscopic Simulation

* Point-Vortex Simulations e . .
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Superfluid Modelling (Preliminary)

e PVM: Mutual Friction Coefficients
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Superfluid Modelling (Preliminary)

e PVM: Mutual Friction Coefficients
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Superfluid Modelling (Preliminary)

e PVM: Mutual Friction Coefficients
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Superfluid Modelling (Preliminary)

e PVM: Mutual Friction Coefficients

dz .
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Superfluid Modelling (Preliminary)
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e PVM: Mutual Friction Coefficients

° HOWitt’S approach Howitt et al., MNRAS 498, 320 (2020)
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Superfluid Modelling (Preliminary)

* PVM - Finding larger glitches

Kernel PDF
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On-going works: 3D Simulation :
* Vortex Depinningin 3D

Liu et al., in progress
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Pinning Site (1 width)

/

z (£)
A N o N &

2 0

0
y % X (€)

y (£




\%\SCALES Coimbra 2026

On-going works: 3D Simulation
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Concluding Remarks

* Vortices can be depinned due to the Magnus force.

* Vortex avalanches occur locally and temporally with the emergence of = ==
vortex channels during glitches.

* The post-glitch dynamics smooth the vortex density.

* Reproduction of GPE-like dynamics in the PVM with similar statistic
behaviours can be achieved with fine-tunings.

* Asimple PVM tends to have smaller glitches compared with that in GPE.

* Larger glitches can be found when the pinning is stronger.

In progress...
o Larger glitches/avalanches
o Vortex depinning analysis

o 3D simulation

Thank You DA Gary.Liu@rhul.ac.uk



