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Probing quantum fluids using 
mechanical oscillators



Quantum Tangles
Individual vortex, 

Kelvin waves

Real-Time Interaction of NEMS with 
Q uantum Vortices in Superfluid-4

Visualizing Quantum Turbulence in 
Superfluid 3He-B using Quasiparticles
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Quantum Vortices in 3He-B
Formed by a 2π phase change in the wavefunction around 
the core

vortices singly quantised with circulation : κ3 = h/2m3
superfluid flows around core with velocity, vS = κ/2πr

T>0.3 Tc

low T

Normal component is at rest:
NMR, vibrating objects

3He-B
Ballistic regime 
vibrating objects, BBR, NMR

self propagating rings 
u ≅ κ/2πd

(d~5µm ⇒ u~10mm s-1)

vortex tangle
(Q uantum Turbulence)

Vortices can 
end  on cell 

walls



TECHNIQUES AND TECHNOLOGY





Experimental Cell – Nuclear Stage

Temperature 100 µK
Copper Grids
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α exp(−∆/kΤ)

(Ballistic regime)Vibrating wire resonator

Frequency

V0

Resonant Voltage α 1/∆ f2



Resonators responses in ballistic regime of 3He–B 

detector

source



Normal scattering



Andreev scattering



Observer stationary



Motion of observerOr of liquid

Galilean 
transform 
E’ = E - p.v
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Turbulence Detection

fraction f  of quasiparticles are
Andreev-reflected 

giving rise to a reduced damping
∆f2(turb, T) = (1 - f ) ∆f2(nonturb, T) 



Experimental Turbulence detection

S. N. Fisher et al, PNAS 111 (Supplement 1) 4659-4666 (2014)



Pure quantum turbulence in superfluid 3He-B

Tangle appears from rings, 
PRL 96 (2006) 035301
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Pure Kolmogorov Spectrum with C=2

Q T has Kolmogorov like energy spectrum, 
Nature Physics 7 (2011) 473

Correlation of Andreev reflection and VLD, 
PRL 115 (2015) 015302, PRB 96 (2017) 054510

Injection of rings

grid turbulence created in 3He 
at high velocities is polarised



13µm Thermometer Wire
4.5µm Thermometer Wire

1.5µm Thermometer Wire
(behind radiator box)

Source Wire

Black-body radiator with
heater and thermometer
wires

125µm Thermometer Wire

Black-body radiator
orifice

MEMs device

Silver-sintered copper
refrigerant stack

Detector Array (copper case cut
away to show quartz resonators)

Quasiparticle Imaging Experiment 



Turbulence generated by a 4.5µm generator wire

PRB 105, 174515 (2022)



Study of non-polarized tangles

Develop NEMS devices to improve sensitivity tenfold and 
to probe 3He at length scales similar to the coherence length



Turbulent length scales and mechanical devices in quantum fluids



Turbulent length scales and mechanical devices in quantum fluids



Turbulent length scales and mechanical devices in quantum fluids



Measurements of doubly clamped Al-beam in vacuum 

Scientific Reports 7 (2017) 4876

Doubly clamped Al-beam in vacuum and 4He

Scientific Reports 7 (2017) 4876



Detection of turbulence using SiN-Al-beam in 4He

Nature Comms 12, 2645 (2021) 



Multi-frequency Lockin Amplifier Detection of turbulence

JLTP 184 (2016) 1080Rev. Sci. Instrum. 82 (2011) 026109 Nature Comms 12, 2645 (2021) 



Detection of turbulence using SiN-Al-beam in 4He

Nature Comms 12, 2645 (2021) 



Detection of turbulence using SiN-Al-beam in 4He

Nature Comms 12, 2645 (2021) 

PNAS 116 (2019) 1924

E. Fonda et al



Work in progress
S21 Amplitude dependence – similar responses in vortex free state and trapped parallel vortex 

Fitted by Duffing equation
with constant damping:



Work in progress

S21 Amplitude dependence in states with a higher damping 

S21 Amplitude dependence – similar responses in vortex free state and trapped parallel vortex 

Fitted by Duffing equation
with constant damping:

Complicated behaviour: 
Example fitted by Duffing equation
with non-linear damping term:



Work in progress



Work in progress



Summary

• A vibrating objects are excellent tools to generate tangles 
(quantum turbulence) in 4He and 3He. Furthermore, oscillators are 
excellent detectors of vortices in 3He.

• Nano sized beams are good probes of thermal excitations in 
superfluid 4He

• Nano-sized beams allow single vortex trapping in 4He and probing 
turbulence

• Theoretical and numerical support is really appreciated
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