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The experiment — a reminder 2

Quantum tornados in superfluid helium-4

The most extensive giant quantum vortices ever observed 

Contactless, spatially resolved detection method

Resolving μm-scale fluctuations on the superfluid interface

Low dissipation, quantised vortex ‘strength’

Side view
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Height fluctuations (μm)

P. Svancara et al.

Rotating curved spacetime signatures 

from a giant quantum vortex
 

Nature 628, 66–70 (2024)

Top view

10 mm

Moisy, Exp. Fluids (2009), Wildeman, Exp. Fluids (2018)



Surface wave dynamics 3

Velocity field 𝒗  𝑣𝜃 = Ω𝑟 +
𝑪

𝒓

Acoustic metric 𝑔𝑎𝑏 ∝ −𝑐2 + 𝑣2 −𝒗
−𝒗 𝟏

Model 𝜔 − 𝒗 ⋅ 𝒌 2 = 𝐹(𝑘)

2 solutions 𝜔𝐷
± =

𝑚𝐶

𝑟2 + 𝑚Ω ± 𝐹(𝑘)

— Reflection in the radial direction

— Evanescent waves when 𝜔𝐷
± ∈ ℂ

— Effective, vortex-induced scattering potential

𝐶 = 583 ± 3  mm2/s
Ω = 0.10 ± 0.02  rad/s

Schutzhold, PRD (2002), Barcelo, LRR (2011), Patrick, PRD (2020), Patrick, 2007.06671 (2025)



Effective scattering potential 4

(1) Vortex core – potential barrier

(2) Potential barrier – boundary

(3) Vortex core – boundary
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Ringdown emission
 

Quasinormal modes

Solidoro et al., arXiv:2406.11013 [gr-qc] (2024)
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Animation: Leonardo Solidoro
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Animation: Leonardo Solidoro



Animation: Leonardo Solidoro



Quasinormal modes in a closed system? 8

EXP285

1.62 K, vortex driven at 100 rpm (1.67 Hz)

Recall:



We see a rich spectrum! 9

(1) Mechanical noise

(2) Co-rotating bound states

(3) Counter-rotating bound states + overtones

(1)

(2)

(3)

EXP285

1.62 K, vortex driven at 100 rpm (1.67 Hz)

Spieksma, PRL (2025)



Summary 10

1. We have realised the most extensive draining vortex flows in 

superfluid helium and implemented a high-precision interface 

detection methodology within.

2. Within the framework of the black-hole spectroscopy, we 

confirm the predicted occurrence of multiple QNMs and infer 

the outer boundary condition from experimental data.

3. Insights from controlled laboratory analogues feed back into our 

modelling of astrophysical black holes, and vice versa, forming 

synergies between astrophysics and fluid dynamics.

P. Smaniotto et al.
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Thank you!
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