Bayesian optimization of a laser-plasma accelerator
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aser-plasma acceleration
State of the art

Advantages

100 GV/m electric fields
compact size

INntrinsic synchronization
fs bunch duration
0C-nC charges

nigh peak current
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Challenges

- increased stability
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- kHz repetition rates
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{uning beam parameters

High quality beams for FEL experiments

Localization of N2 due
to pressure gradient
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optimize
laser and plasma
conditions

Energy

Optimal beam phase space
for applications
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-INAinNg the optimum

Curse of dimensionality

Just scan it?
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Ho+10%N2 100%H:2
Focus position: target length 5 mm / 0.05 mm = 100x
Doping: Oto 100 %/ 1 % = 100x
Gas density: 0.5x1078 to 1x1078 cm3/0.05x1078 cm3= 10x
[aser enerqgy: 2Jto3J/0.7TJd=10x

1 000 000 measurements
@ 1 Hz — 11.5days or
years worth of computing budget for simulations
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-INAing the optimum

Requirements

- Expensive PIC simulation - Unstable experimental condition - Unknown function
- Low repetition rate in experiments - Jitter - Potential local optima
- Slow machine controls

few evaluations /

noise resistent global optimization
measurement




/

Young, energetic LPA (95) seeks
mature optimization algorithm for
adventurous exploration of costly
and noisy data. ©@+49 40 8998-0
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Sayesian optimization

Basic concepts

acquisition
. function
Build surrogate model 0.42

Gaussian process regression A0
0.38 -

Acquisition function describes ohiective

potential of next evaluation 10 - | truth
Perform evaluation where 05 -
acquisition function is largest
0.0 - N
Refine model with new knowledge modadel
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Sayesian optimization
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—Xperimental setup

LUX laser-plasma accelerator
Feedback loop

Attenuator
Energy Bearg
detector expanaer
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No Hz H -
= T e - Motorised telescope + attenuator for laser control

- 3 channel Mass Flow Control for target setup
- High resolution electron diagnostic
» Fully incorporated in DOOCS control system
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Sayesian optimization

High quality electron beams

E (MeV)
200 250 200 250 200 250
50 | ~I | NI | |
@  AE/E:37%| |O) NAE/E:1.3%] |(C) .

- § Q.51 pC Q.52 pC | |Random start-point = sub percent energy spread beams
S 2:9 7 AE/E:0.7 % _

e J\\_\ j Q:320C )\ No human input

10

o . C

% 5 '..—'b (3 - - “

_% ;_r-.-—’ - e ‘.".-..... .....:.;' .."..'..2' s~ 2 5 -

° 0 (o) 23 e ﬁ',,'-;"""\"?; R R - A v

5 2509 7w e, et Statistics of 100 best from 2500 shot at optimum

E 505 . wa .*.:.".;-.,. 5 ~‘:~—.-.A:.-'-.:-.:s,qg-.:.-."\"-.~ W WA S,

e ¢ )

I ?,_.’-.;o e B e . < avg. 100 best
§E 01 ™ N e e AN S 44 — fi

= 140 ! R | E=254 MeV

(<) = N2 = H2 font H2, back 2 AE/E=0.68 %
% E 250 R ’_\ 6 OE . fit = 0.88 %
- ‘E/ 0 - (g)|>$)£¢v |‘» I © O _Fﬂgc

0 10 20 30 40 50 5 4 5 3 > A 5
S. Jalas et al., teration (E - BY/E (%)

0.  Bayesian optimization of a laser-plasma accelerator,

\ DESY |

4 8% PRL 126, 104801 (2021)




summary

» Machine learning based optimization of a laser-plasma accelerator
» Combined workflow for optimizing simulations + experiment
» Showed reliable generation of sub percent energy spread electron beams

» Single-shot accurate surrogate model for future feedback and virtual diagnostics

For more details see our recent publications:

PHYSICAL REVIEW LETTERS 126, 104801 (2021) PHYSICAL REVIEW LETTERS 126, 174801 (2021)
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