Laser-Plasma Accelerator Optimization with Generative Al

Overview

resource-intensive and time-
consuming, while current
Existing theories provide simulations are extremely
some guidance but often time-demanding, moreover
fall short due to unidentified they overlook several real-
variables and factors. Real- world influencing factors.

Laser-plasma acceleration
optimization represents a
complex, non-linear realm
of scientific inquiry. The
intrinsic complexity and
highly non-linear nature of

make their optimization
a challenging endeavor.

laser-plasma interactions world experiments are

Situation

ELI Beamlines - International Laser Research Centre, faced

the multifaceted challenge of optimizing laser-plasma
acceleration, a process fraught with unpredictabilities due

to its nonlinear and complex nature. Existing theoretical
frameworks proved to be insufficient, as they often overlooked
numerous real-world variables, leading to inaccuracies. The
facility was solely reliant on extensive, resource-intensive
experiments and long-drawn simulations.

Solution

A generative Al model was developed to simulate the
intricacies of laser-plasma interactions, employing a
diffusion autoencoder to disentangle stochastic and
semantic representations of data. This approach enabled
the conditional generation of new data based on the
input of various parameters, which were subsequently
validated through experiments. Optimization of
parameters was achieved using advanced techniques
such as Bayesian Optimization and Reinforcement
Learning. The model was designed to accommodate
continuous learning, allowing retraining and
refinement with newly acquired data, ensuring ongoing
optimization and discovery of efficient solutions.
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Requirements

Develop a solution capable of generating electron beam
spectra and optimizing input parameters to maximize ion
beam energy.

Integrate continuous learning mechanisms to allow the
model to evolve with newly acquired data.

Integrate existing theoretical knowledge of laser-plasma
acceleration physics into the model and derive novel
insights.

Ensure the model's ability to generate data conditionally,
based on multiple parameter inputs, and verify them
through experiments.

Benefits and Results

* Enhanced Optimization: This approach allows for more
precise and effective optimization of laser-plasma
interactions, refining the process and outcomes.

» Versatility: The solution is applicable not justin laser
research but in any domain requiring optimization within
a multidimensional non-linear search space.

» Continuous Improvement: The model's ability to learn
continuously from new data ensures ongoing refinement
and improvement of solutions.

New Insights: The integration of theoretical knowledge
and empirical data allows for the discovery of novel
insights into the physics of laser-plasma acceleration.

- Time and Resource Efficiency: The model reduces reliance
on time-consuming and resource-intensive experiments
and simulations, expediting the research process.

This innovative approach, leveraging generative Al for laser-
plasma accelerator optimization, holds significant promise,
with its versatility and efficacy potentially revolutionizing
not only laser-related fields but also any area involving non-
linear, multidimensional optimization tasks.



