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OUTLINE

Software package creation

Optical tweezer experimental design and
construction

Paul trap experimental design
Background characterisation and reduction
Setting initial limits

Future searches
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FIBER-COUPLED ND:YAG 1064 NM LASER
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Gradient Force

Driving Force

Fluctuatmg Force

Trapping potential formed through focusing of
EM fields to the focal point of an optical lens

Interference of the incident light rays occurs at
this focal point
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OPTICAL TWEEZER
THEORY
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TRAPPING AND
DETECTION

Reduction of cantilever movement
Laser power controlled
Feedback cooling and calibration
3D directional reconstruction

Rotational detection
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Cooling through active feedback mechanism
"velocity damping"

Shown to cool to the guantum ground state®
More effective than other methods of cooling**

Calibration through application of harmonic
driving force

Charging and discharging of particle through
application of xenon UV tlash lamp

COOLING AND
CALIBRATION

*F. Tebbenjohanns et al., Phys. Rev. Lett., 2019
**A. Pontin, T. W. Penny and P.F. Barker, Phys. Rev. A, 2021
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Particle 1 Particle 2

Particles O(100um) in diameter have been
trapped in vacuum using this method

Trapping of metallic particles of much higher
density is possible, allowing probing of heavier
dark nugget parameter space

Levitated particle arrays cooled to mK
temperatures using sympathetic feedback
cooling™

Co-levitated nanoparticles

LINEAR PAUL TRAP

*T. W. Penny et al, Sympathetic cooling and squeezing of two co-levitated nanoparticles, 2021 /I O



=== Existing work
— (ptical trap
Paul trap

Background-free experiment with the observation of 0 events and a mediator mass of 0.1 eV
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IMPULSE LIKE INTERACTIONS

THERMAL NOISE

ELECTRONIC NOISE

SEISMIC NOISE

LASER NOISE

A background study is integral to the
commissioning of the experimental setup

This will involve simulation code and pulse
finding and categorisation




PROJECT PLAN
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: Ultralight dark
Electrodynamic : : : :
Multi-oscillator matter detection Further theoretical

micro-oscillator : : : L
sensor arrays with levitated investigation
sensor

' oscillators ‘
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ADDITIONAL SLIDES
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SILICA NANOPARTICLES
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