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Why superfluid helium 3?

40

solid

J

Pressure [bar]
S 35

p—
(-

O

normal
liquid

(-

1

2

Temperature [mK]

Elizabeth Leason TeVPA, Nov 2025

 Cooper pairing of He atoms -
superfluid <2mK

« Energy A~10~7eV required to
break Cooper pairs and give
single quasiparticles (QPs)

»Spin dependent dark matter —
nucleon interaction



Detector concept
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Bolometer principle
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1. Energy deposit
DM - helium scattering produces
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3. Bolometry
* nanowire driven by AC currentin

vertical B field
* measure increase in resonance

width from damping




Achieving low threshold

Ultra-low temperature operation: Low noise readout:
* Small energy — small width change  Conventional readout: passive cryo-transformer
* Linewidth follows heat capacity  SQUID preamplifier, higher gain and lower noise

 Simulated energy thresholds: 39 eV with

10-24 P=18.5bar E conventional readout, 0.71 eV with SQUID readout
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SQUID readout tests

NEW paper: arxiv:2508.10602
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https://arxiv:2508.10602
https://arxiv.org/abs/2311.02452
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Bolometer measurements

A. Frequency sweep —find resonant

frequency, base width and

amplitude from Lorentzian fit

fo

real

(in phase)
imaginary
(out of phase)

770 780 790 800 810
Frequency [Hz]

820 830

0.30

0.251

0.201

Width change [Hz]
2
w

0.10
0.05]
3.10
0.00
3.05 1
0.0 255 5.0 75 10.0 125 15.0 17.5 20.0
3.00 .
Time [s]
';' 295‘
)
=2.901
B85/
22
2.80 1
2.751
2.70
0 250 500 750 1000 1250 1500 1750
Time [s]

B. Response tracking — drive on resonance

= Measure induced voltage across wire
= Convert to resonance width change
= Apply pulse finding and fitting



Heater wire calibration

Direct injection of QPs into superfluid by driving wire above critical velocity, observe

proportional response on other wire.
A) 400nm detector (4500nm heater)
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Other measurements

> observe coincident bolometer pulses » coincident events seen on both modes
» separate wires in future (scale up experiment)
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Pulse analysis and Geant4 comparison

Characteristic heat pulse shape, three
parameters:

* Risetime, 1,, - nanowire

* Decaytime, 7} - bolometer
 Height, H — heating event (energy)
[C.Winkelmann, NIMA(2007)]

Background model (cosmic ray,
gamma, detector radiogenics)
 Full Geant 4 model

* Boulby material screening

Elizabeth Leason TeVPA, Nov 2025

0.30

0.25+

o
)
o

Width change [Hz]
(=} o
= -
o (6,1

1

5.0

7.5

10.0
Time [s]

12.5

15.0

17.5

20.0

11


https://link.springer.com/article/10.1007/s10909-024-03142-w
https://link.springer.com/article/10.1007/s10909-024-03142-w
https://doi.org/10.48550/arXiv.physics/0611273

Summary

Demonstrated superfluid helium-3 bolometer with SQUID
readout of nanomechanical resonators (arxiv:2508.10602):

! \/heat injection calibration

' v'simultaneous tracking
/frequency multiplexing

L 4
| |
* Earth shadowing

effects:
JCAP04(2025)017
* Non-relativistic

EFT operators:
JCAP10(2025)044
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Dark matter

Next: particle

calibration, noise
optimisation and
resonator design

y
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https://arxiv:2508.10602
https://iopscience.iop.org/article/10.1088/1475-7516/2025/04/017
https://iopscience.iop.org/article/10.1088/1475-7516/2025/10/044




SQUID readout scheme

A. Voltage drive coupled
inductively (via transformer
with mutual inductance M,)

B. SQUID input loop: wire Z(f),
contact resistance R, input
coil L;

C. SQUID in flux locked loop
mode detects current [;

Two-stage SQUID current sensor:
[D.Drung et.al., IEEEAppl.Supercond.17(2007)]

Elizabeth Leason ULT, Aug 2025
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https://ieeexplore.ieee.org/document/4277368
https://ieeexplore.ieee.org/document/4277368
https://ieeexplore.ieee.org/document/4277368

Multiplexed readout circuit

______________________________________________________________

________________________________________________________

Zi(f)
®B g FLL LIAn
Z,(f)

Multiple wires
connected in series to
a single SQUID
(keeping the squid and
Input loops the same)
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Resonator

characterisation

Frequency sweeps for both wires.

Lorentzian fit:
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Bolometer tracking data
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Response tracking — drive on resonance

= Measure impedance of wire, Z

= Convert to width, using measured
amplitude A from frequency sweep:

oy =re )

= Track over time and apply pulse finding
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Characteristic pulse shape, three parameters:
* Rise time, 7, - nanowire
* Decaytime, 7} - bolometer
* Height, H — heating event (energy)
[C.Winkelmann, NIMA(2007)]
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https://doi.org/10.48550/arXiv.physics/0611273

Drive amplitude selection
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Velocity [mm/s]

Drive amplitude sweep:
* non-linearity >4 mm/s
* quasiparticle emission >30 mm/s

Operate in non-linear regime (below critical
velocity) and use width correction
[V.Zavjalov arXiv:2303.01189]
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