LPAW 2023

Laser and Plasma Accelerators Workshop 2023
Ipaw23@tecnico.ulisboa.pt

Multi-parameter Bayesian optimization of laser-driven ion acceleration

and synchrotron emission in PIC simulations

P McKenna'?, R J Gray', E J Dolier', J. Goodman', M King'?, R Wilson'
I'sup4 Department of Physics, University of Strathclyde, Glasgow, U.K.
2 The Cockcroft Institute, Sci-Tech Daresbury, Warrington, UK..
paul.mckenna@strath.ac.uk

Progress toward machine learning (ML)-driven feedback and control of laser-plasma
interaction experiments has developed significantly in recent years. This approach is now
opening a new pathway to realising applications of laser-plasma sources by guiding efficient
and rapid exploration of the accessible experimental parameter space.

We have developed a software library called BISHOP which supports the implementation
of ML-driven feedback and optimization of particle-in-cell simulations. Using this library, we
report on the application of a ML model, involving
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addition, a non-trivial optimal condition for the target ~ function of the iteration number of a
front surface density scale length is discovered, which ~ Bayesian optimisation procedure in
would have been difficult to identify by single “Whichthe 4input parameters are varied

variable scans.

The optimum parameters for the generation of synchrotron radiation in laser-foil
interactions in the QED-plasma regime is also demonstrated with the application of Bayesian
optimisationto 2D particle-in-cell simulations [2]. Individual properties of the synchrotron
emission, such as the yield, are maximised, and simultaneous mitigation of bremsstrahlung
emission is achieved with multi-variate objective functions. These optimisation results
highlight the laser angle-of-incidence as a crucial parameter to maximise the generation of
synchrotron radiation. This is further explored in 3D simulations. The results demonstrate the
utility of applying a Bayesian optimisation approach and provide key new insights into the
underpinning laser-plasma interaction physics.
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