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Optomechanics, the interaction of light with macroscopic
objects, offers the chance to entangle light with a mechanical
degree of freedom of a large scale object1, and the
possibility to cool a macroscopic system to the quantum
mechanical ground state2. Current experiments have
managed to reach phonon occupation numbers of 0.343. 

The limit to reaching the quantum ground state in most
optomechanics experiments is the presence of a large
thermal bath. By using levitated microspheres we: 
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Trapping Methods
Trapping occurs through the axial
radiation pressure force and the
radial dipole force. We can:

  Trap directly between the
  diverging light from fibres.

  Trap at the focus of aspheric
  lenses.

Schematic

Avoid contact with a thermal
bath, and dissipation
through clamping.

Can cool using feedback4,
and with an optical cavity5.

Can couple light into 
the microsphere, to cool
spheres too large for a
cavity field7.

Trapping

Power Spectra

  

A 2.5µm bead trapped between lenses
(left) and a train of 300nm beads trapped 

in an interference pattern (right) 

Top: The variation in the power spectrum of a bead in the lens trap
with pressure. Bottom: the difference in trap frequency between
the lens and fibre based trap. In both cases the trap frequency is

dependent upon laser power and trap alignment. 
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Minimum phonon limit

Cooling achieved by various experiments
around the world, based on ref 6.
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The next step is to damp the motion of
the microsphere using feedback, 
which cools the bead. This has enabled
microspheres to be cooled to the 
mK regime8. 

To further cool the bead it can be 
loaded into an optical cavity5 (right) to
reach temperatures of µK.
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We have trapped microspheres ranging in size 
from 4.7µm to 300nm, in both of the traps
described in box 2. 

Without feedback cooling we can reduce the
pressure to 0.1mbar before the beads are lost due
to radiometric heating.

To learn about the nature of
the trap, we take the power
spectrum of the circulating
light.

  At high pressure Brownian
  motion damps oscillations. 

  Oscillation frequencies
  emerge at low pressure8.

  Feedback damps the motion
  and cools the motion of the
  bead8.
  

By coupling light into the 
microsphere (right) it can be
Doppler cooled7 (below 
right). This could be carried out
on a levitated bead (below). 

We use:
  A laser at 1064nm to trap the
  microspheres.

  An AOM for feedback
  stabilization.

  A photodiode to monitor light
  circulating through the trap.
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