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Small mass, large superposition 
distance and time
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Average mass, superposition 
distance and time
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Our proposal: drop a nanodiamond containing a spin
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Can gravity entangle things?

2 µm object

Δx ~ 250 µm

Closest approach ~ 200 µm



Nitrogen-vacancy centre (NVC) in diamond

- Magnetometry

- Building a quantum computer

- Levitating nanodiamonds towards a 
test of the quantum nature of gravity

Nitrogen

Vacancy

Carbon



Photo by Jon Newland (Warwick)



NV centre red fluorescence vs microwave frequency
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Nitrogen-vacancy (NV-) energy levels
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Nitrogen-vacancy (NV-) energy levels
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Nitrogen-vacancy (NV-) 
magnetometry
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Diamond magnetometry
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Magnetometry
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Our proposal: drop a nanodiamond containing a spin



Our experiment: optically levitated nanodiamond





Optically levitated nanodiamonds overheating
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21633 (2016)

20 mbar



150 ppm nitrogen 120 ppb nitrogen
impurities impurities
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Barker & GWM, New Journal of Physics, 20, 043016 (2018)

A solution: more pure diamonds



Milling by Ollie Williams’ group, Cardiff

150 ppm nitrogen 120 ppb nitrogen
impurities impurities

A solution: more pure diamonds
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4 mbar

Still want a magnetic 
trap to have internal 
temperature ~5K

Purer nanodiamonds don’t heat up
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Imaging our nanodiamonds

Scanning confocal microscopy                            Scanning Electron Microscopy (SEM)
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Experiments 
with single NV 
in diamond



1μm

200nm

Scanning confocal microscopy                            Scanning Electron Microscopy (SEM)
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Ben Wood

T2
Hahn echo = 177 µs

T2
XY8-4 = 460 µs

Purer nanodiamonds have longer spin coherence
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Spin echo

Spin echo
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Spin echo decay

Spin echo
decay



Spin echo decay

Spin echo
decay
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Longest spin coherence in nanodiamonds

James March 



ND4: 50 nm x 80 nm
T1 = 4.3 ms
T2

* = 1.7 µs
T1ρ = 760 µs

NV in 12C nanodiamonds: shape

SEM SEM CFM SEM

SEM AFM AFM
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Nitrogen-vacancy (NV-) centres in bulk diamond
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Our proposal: add in motional dynamic decoupling
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Our proposal: add in magnetic teeth



Our proposal: add in magnetic teeth

BD Wood, S Bose & GWM, PRA 105, 012824 (2022)



4 mbar

Purer nanodiamonds don’t heat up
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Still want a magnetic 
trap to have internal 
temperature ~5K



Magnetic traps for nanodiamonds
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Our magnetic trap 
for nanodiamonds

3 mm

James March and Ben Wood



Our magnetic trap 
for nanodiamonds

James March and Ben Wood

COMSOL simulations of the magnetic field 
and trapping potential per unit mass from 
diamagnetism and gravity



Our magnetic trap 
for nanodiamonds

James March and Ben Wood



Our magnetic trap 
for nanodiamonds



Our magnetic trap 
for nanodiamonds

FB off 

293 K

FB on 7.5 ±0.7 K

Feedback cooling with 
electric-field driven 
velocity damping
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electric-field driven 
velocity damping



Our magnetic trap 
for nanodiamonds

Nitrogen

Vacancy

Carbon

Fluorescence from magnetically levitated NV centres



Conclusions
- Dropping levitated nanodiamonds past magnetic teeth could test the quantum nature of gravity
- Purer nanodiamonds don’t heat up in an optical trap at 4 mbar, and have long-lived spin coherence
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