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MACHINE LEARNING CAN BE A TOOL FOR LASER PLASMA PHYSICS
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LASER DRIVEN PLASMA ACCELERATORS
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PREDICITING PLASMA ACCELERATOR BEHAVIOUR

Generating multi-GeV electron bunches using single stage laser
wakefield acceleration in a 3D nonlinear regime

W. Lu, M. Tzoufras, C. Joshi, F. 5. Tsung, W. B. Mori, J. Vieira, R. A. Fonseca, and L. O. Silva
Phys. Rev. ST Accel. Beams 10, 061301 — Published 5 June 2007
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Laser Parameters
Energy 0.245 J
g Spot Size (not Vac, but in plasma) 16 um
_E- Wavelangth 0.80 um
5 Repelition Rate 5 Hz
E Pulse Duration 45 fs
Focal Intansity 1.35E+18 Wicm*2
@ Rayleigh Length 1.005 mm
5 b Peak Power 544 TW
L E Avarage Power 816,33 W
a ad 0.79
Accelerator
Optimum Flasma Dansity 3IBE+1T cmt-3
Optimum Fulse Duration 3894 fs
Helium Fill Pressure 250 mbar
Ideal Density 1.24E419 crm™-3
= Critical Power 248 TW
§ Critical Power (Short Pulse) 6.00 TW
a P#Perit 2.2
B FiPcrit (shortPulse) 0.8
=B 3D Manlinear Mathed Spat 4.88 um
B Plasma Frequency 1.98BE+14 rad/s
Eq Plasma Wavelength 9.50 um
E] E Plasma Period 31.69 fs
& o Plasma Wavavectar B.B1E+05 m*-1
lonization State M 5
.E 5 Intasityfloniaztion Intension for M 91.82
BE  |lonization State O 6
S Intesity/leniaztion Intension for O 33.41
£ g Self Injection Thrashold 2.78
W e Fractional Power Above S| Thresh 0.24
Approx. Enargy Gain 0.122 GeaV
Average Accelerating Fiald 150.45 GVim
Cold nonrelativistic wave-breaking field 338.28 GVim
Fraction of Cold wavebreaking limit 0.44
Wake Lorantz Factar 7
Elaciran Baam Lorentz Factor 238
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A PLASMA ACCELERATOR IS A DYNAMICALLY EVOLVING STRUCTURE
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MULTI-DIMENSIONAL

THING TO BE

PARAMETER SPACE
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ALL EXPERIMENTAL PHYSICS REQUIRES SOME KIND OF OPTIMISATION
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MULTIDIMENSIONAL OPTIMISATION IS DIFFICULT



4th order [fs?]

SEQUENTIAL 1D SCANS NEVER GUARANTEED TO FIND THE TRUE OPTIMUM

Z00 Scan of Spectral Phase (2 & 4 [rder)
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TRICKY BUSINESS

20 minute 2D scan of Spectral Phase

Sequential I-D scans does is not quaranteed to find #42 #rue optimum

Problems compounded with more input parameters
Curse of dimensionality
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ML ALGORITHM CAN REPLACE THE EXPERIMENTER IN OPTIMISATION
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BAYESIAN OPTIMISATION
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4th order [fs4]

MORE TO EXPLORE!

OPTIMISATION FOUND A MAXIUMUM OUTSIDE OF OUR ORIGINAL SCAN
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Astra Gemini TAZ Laser System:
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CONTROLLING THE ACCELERATOR

BEAM PHASE SPACE TAILORING
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Using lonisation injection

20 plane at the optimal values of B@, f
A: initial pulse (with aptimal B, f)
B: optimal pulse
L 70 sequential scans optimum

o  Lorrelation matches theoretical expectation

EXPLORING THE GENERATED MODELS

l

B4 (106 fs%)

o Subtle differences in pulse shape have strong impact upon laser pulse

evolution & explained via simulations
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PIC SIMULATIONS SHOW HIGH SENSITIVITY TO LASER PULSE SHAPE
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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

CONCLUSIONS

JAl Fest 2020 | rob.shalloo@desy.de | 16



o Loser Interactions wask yg,,
ghort Pt

Photo courtesy of . Palmer

ACKNOWLDEGEMENTS

M.J.V. Streeter, J-N. Gruse, M. Backhouse, S.P.D. Mangles, S. Rozario, Z. Najmudin
JAI, Imperial College London

S.J.D. Dann, N. Bourgeois, P.P. Rajeev, D.R. Symes, C. Thornton
Central Laser Facility, RAL

C. Arran, C.D. Baird, C.D. Murphy, C.P. Ridgers, M. Selwood, C.I.D. Underwood
York Plasma Institute, University of York

P. Hatfield
Oxford University

A. Antoine, M. Balcazar, J.A. Cardarelli, A.G.R. Thomas, J. Kang, L. Ning, A. Shahani
University of Michigan

J. Osterhoff, K. Poder
Deutsches Elektronen-Synchrotron DESY

Automation and Control of laser wakefield accelerators using Bayesian Optimisation
R. J. Shalloo et al., Nature Communications 11, 6355 (2020)

17



4D OPTIMISATION OF ELECTRON BEAM CHARGE

Astra Gemini TAZ Laser System:
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EXPLORING THE GENERATED MODELS

PHYSICS CAN BE EXTRACTED FROM THE MODELS
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