Stabilising and Measuring Optically Levitated Microtargets

Tim Klee & Thomas Smith
Email: tk716@ic.ac.uk tjsl7@ic.ac.uk
Supervisor: Prof. Roland Smith, Plasma Physics

1) The Field of High Intensity Laser-Matter Interactions

Vacuum Chamber

Current Iteration of the Particle Tracking System/Feedback System:

Demonstrating the feasibility of a single board computer for optical levitation traps

 Samplingrates of 44kHz can be achieved via the ADC DAC Pi Zero. Thisis more than enough to accurately track and control particle motion.

* The RP can be controlled via Python/C allowingsimple implementation of control algorithms and position data processing.

 RP are expendabledue to their low cost and simplicity in terms of preparing them for use in the OLS.
Developing a simplified high-speed numerical model for simulating motion of trapped particles

* We can use this to investigate methods of extracting particle parameters based on their motion. This could lead to new methods for measuring

particle size. This information could be useful when selecting targets for laser interaction experiments.
e Based on its size and material, we can determine whether a particle can be trapped and how easy it will be to stabilise.

* Oursimulationsshow that trapped particles oscillate at around 10-20Hz, therefore a control system sampling at over 10'000Hz should be sufficient

to capture and control not just fundamental oscillations, but higher frequency components as well.

Overall, our work will contribute towards improvingthe stability of optical traps and choices of targets. This will improve the success rate of laser

interaction experiments, potentially leadingto more reliable sources of highly collimated energetic proton beams.

Long Term:

* Use the RP-based control system to stabilise particles down to vacuum conditions.
* Investigate methods for extracting particle parameters based on the Fourier transform of the particle motion in vacuo [6].
k Try using or adapting the control system to stabilise microshells.

 Implementa PID control algorithm in the numerical model to investigate optimal parameters/tuning methods.
* Investigatesources of non-linearitiesin the position detection system so that they can be accounted for by the control system.
 Use a Raspberry Pi to sample in-trap particle position data at atmospheric pressure.
* Test simple techniques for extracting parameters of real trapped particles from their motion at atmospheric pressure.
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/ \ * Figs. 5-7 show simulated motion
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