
AUTOMATION & CONTROL OF LASER-PLASMA ACCELERATORS USING BAYESIAN 

OPTIMISATION

ROB SHALLOO

JAI, IMPERIAL COLLEGE LONDON

& DEUTSCHES ELEKTRONEN-SYNCHROTRON (DESY)

JAI FEST 2020

11
th

DECEMBER 2020, REMOTE



JAI Fest 2020 |  rob.shalloo@desy.de | 2

MACHINE LEARNING CAN BE A TOOL FOR LASER PLASMA PHYSICS

Image Credit: XKCD (comic 1831)
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LASER DRIVEN PLASMA ACCELERATORS

LASER PULSE

DIRECTION OF TRAVEL

PLASMA

WAKEFIELD
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PREDICITING PLASMA ACCELERATOR BEHAVIOUR
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A PLASMA ACCELERATOR IS A DYNAMICALLY EVOLVING STRUCTURE

LASER SPOT SIZE PULSE DURATION

CENTER WAVELENGTH PEAK INTENSITY
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MOTIVATION

ALL EXPERIMENTAL PHYSICS REQUIRES SOME KIND OF OPTIMISATION

LASER

Spectral Phase
Wavefront
Energy
etc…

PLASMA

Peak Density
Length
Ramps
Longitudinal / Radial Profile
etc…

+

ELECTRON & X-RAYS

Charge
Energy & Energy Spread
Fluence
Critical Energy
etc…
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MULTIDIMENSIONAL OPTIMISATION IS DIFFICULT
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SEQUENTIAL 1D SCANS NEVER GUARANTEED TO FIND THE TRUE OPTIMUM

TRICKY BUSINESS

Sequential 1-D scans does is not guaranteed to find the true optimum 

2D Scan of Spectral Phase (2nd & 4th Order)

Problems compounded with more input parameters

Curse of dimensionality

20 minute 2D scan of Spectral Phase
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ML ALGORITHM CAN REPLACE THE EXPERIMENTER IN OPTIMISATION

Dazzler
AO
Energy
… 

E-spec
X-rays
… 

Pressure
Length
Profile
… 

Plasma diags
Post-plasma 
laser
… 

>  LWFA.optimise_xrays()

Shot 1/100
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BAYESIAN OPTIMISATION

HOW DOES IT WORK?
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MORE TO EXPLORE!

OPTIMISATION FOUND A MAXIUMUM OUTSIDE OF OUR ORIGINAL SCAN

Over 2x enhancement 

Shows some drift 
from 2D scan

10 minutes of data
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6D OPTIMISATION OF X-RAY FLUX

27 MINUTE OPTIMISATION

• Optimisation of x-ray flux using: 

• Focal position w.r.t plasma source

• Group Delay Dispersion (GDD)

• Third Order Dispersion (TOD)

• Fourth Order Dispersion (FOD)

• Plasma Source Length

• Peak Plasma Density

Astra Gemini TA2 Laser System:

245 mJ

45 fs

16 um Spot

1 Hz Due to Grating Heating
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CONTROLLING THE ACCELERATOR

BEAM PHASE SPACE TAILORING

Optimisation of electron beam total energy
0.9 mJ

Optimisation of  electron beam divergence
3.4 mrad
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EXPLORING THE GENERATED MODELS

4D MODEL CONSTRUCTED FROM 300 MEASUREMENTS

2D plane at the optimal values of β(3), f

A: initial pulse (with optimal β(3), f)
B: optimal pulse
C: 2D sequential scans optimum

• Correlation matches theoretical expectation

• Subtle differences in pulse shape have strong impact upon laser pulse 
evolution & explained via simulations 

Using Ionisation injection
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PIC SIMULATIONS SHOW HIGH SENSITIVITY TO LASER PULSE SHAPE
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CONCLUSIONS

• Multi-dimensional optimisation of LPAs can automated with Bayesian Optimisation

• Importantly, the experimental error can be included in the optimization

• Rapid optimization of source properties a necessity for future user facilities

• Beams can be optimised for a wide variety of applications exploiting the tuneability of LPAs

• Exploring the generated models can provide physical insight into the system
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4D OPTIMISATION OF ELECTRON BEAM CHARGE

10 optimisations of the same system show robustness of the procedure 

• Optimisation of electron charge using: 

• Focal position w.r.t plasma source

• Group Delay Dispersion (GDD)

• Third Order Dispersion (TOD)

• Fourth Order Dispersion (FOD)

Model Predicted Maximum Charge

Astra Gemini TA2 Laser System:

245 mJ

45 fs

16 um Spot

1 Hz Due to Grating Heating
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EXPLORING THE GENERATED MODELS

PHYSICS CAN BE EXTRACTED FROM THE MODELS

JAI Fest 2020 |  rob.shalloo@desy.de |


