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Plasma can support extremely high é
accelerating fields (100 GeV / m)

Laser plasma accelerator (LPA)
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LPA can achieve 8 GeV and ~1% spread e
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* Few fs duration
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* mrad divergence
* ¢,~ 0.1 mm mrad

Science and
Technology
Facilities Council

-

1 GeV at LBNL 2006

08 1.0

150
100
0
7.0 7.5 8.0 85

8 GeV at LBNL 2019

25 T T T
.* '|| 1.3% BW at
% 20 - n: | LOA 2009
= [ |
‘o 15 F [' \
| AE =2.4 MeV
@9 | FWHM
E 10 '||' l|
o [
() [ \
93 = i /|
6 ¢ > \
3 %
0 0 pge ™ 1 \\xw ey i ]
2 160 180 200
E (MeV)

High quality beam properties demonstrated but
not all simultaneously

Efforts focusing now on achieving high energies
with stable, consistent performance

Leemans 2006, Nat. Phys. 2, 696; Gonsalves 2019, PRL 122, 084801; Rechatin 2009, PRL 102:164801



Future applications for LPA f
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= Based on 10 GeV modules .
Compact accelerator technology « Quasklinear wake: & and e+ Conceptual LPA Collider
o A : e, e » Driven by 30 J, 60 s pulses Leemans & Esarey 2009 Physics Today
LPA injector for storage rings e S M ool rmas 1075 Schrogder 2010 PRSTAB 13, 10130

« LPA e- e+ collider %ﬁy% P~
» Test beams for development B ﬁi \ Multi-kW, kHz repetition-rate
L“erin%m o KALDERA laser under construction

X-ray sources " %Wﬁ g Leemans EAAC 2019

« Betatron, bremsstrahlung & e “High average power laser plasma

= Requires high rep-rate (10's kHz) C Say . y
: sl lerat t at DESY
I nverse Com pton Scatte rl ng * Requires development of high S @ < ) accelerator project a
average power lasers (100’s kW) tb ’

* LPA-driven FEL

Synchronised sources
e e+, muons, y-rays
 Femtosecond pump-probe

LUX X-FEL beamline under construction at ELI-Beamlines
2020 p|asma accelerator roadmap www.eli-beams.eu/research/x-ray-sources/laser-undulator-x-ray-source-lux/

* New Journal of Physics 23, 031101 Maier 2012 PRX 2, 031019
“Demonstration Scheme for a Laser-Plasma-Driven Free-Electron Laser’




Electron-laser collision experiments

Dual beam Gemini laser at CLF enables high
intensity laser interaction with electron beam

> GeV electrons, I, > 102° Wcm

Quantum parameter y ~y (I / lg¢,) > 0.1

[lsen ~ 2 x 102° Wem-?]

Studies of radiation reaction & non-linear ICS

Electron beam and laser focus are um-scale
» spatial overlap is difficult
» statistics are limited

New facilities will have better
stability & higher rep rate
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Cole 2018, PRX 8, 011020; Poder 2018 PRX 8, 031004; Sarri 2014 PRL 113, 224801



LPA platform for photon-photon collisions

Experimental challenge is
to achieve sufficient SNR
and statistics

100 MeV y from LPA-
bremsstrahlung through
keV x-ray bath

* Directional e-e+ pairs
from yy collisions

 Should be able to detect
with ~1000 laser shots
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Heavy shielding to reduce
background from y striking
components and dumps

Analyser magnet system
to transport generated
e-e+ pairs to detectors

Laser drivers
Gamma / X-rays
Electrons
Poasitrons

Can easily switch configuration for electron-laser or y-laser collisions

Kettle 2021, NJP 23, 115006



Recent results have demonstrated stable é)%
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LPA operation over extended periods

Run time (hours)
10:00 12:00 14:00 16:00

4:00

6:00 8:00
1 1

18:00

20:00

22:00 24:00 26:00

Consecutive shots

Run time (hours)

12:00 13:00 14:00 15:00 16:00 17:00 18:00
L 1 L 1 1 1 4
§ 380 - = | — Measured drift
g ,/" Modelled drift | 2
g 360 Y i [ [ /
o Shots used for correlations in Figure (3) 4

L] T Ll T ]
52 500 55 000 57 500 60 000 62 500

Consecutive shots

T 1 L]
45 000 47 500 50 000

Energy drift (%)

Electron energy drift
correlated to laser properties
that can be measured
non-invasively and corrected
with active feedback

Maier 2020 PRX 10, 031039



Bayesian optimization of LPAs

Simulation (FBPIC)

Experiment (LUX)
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Shaloo 2020 Nature Comm. 11, 6355; Jalas 2021 PRL 126, 104801
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Transition from academic research toward %
laser-plasma accelerator facilities

Large-scale purpose built facilities

“l

ELI

S  Three high power laser user facilities
’) ) e ] Now starting operations

(100s MEuro)

.. A/ High-Rep-Rate Advanced PW
Laser System (HAPLS):
30J),30fs, 10 Hz

N 4

|" ¥“’§

.\‘ Ti:S (800 nm) EuPRAXIA
: developed at LLNL for ELI-Beamlines PRAAéA é%OE%ZF%FSXa%IriSarSazggielerator

Aiming for operations in 2028

« New high power laser technology (100s MEuro)

« Customised building infrastructure
* Industrial approach to machine design

EPAC

UK 10 Hz PW laser user facility.
Operational in 2025

(100 MEuro)
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Extreme Photonics Applications Centre

1PW at 10 Hz repetition rate
Development of secondary sources
Dedicated beamlines for applications

clf.stfc.ac.uk/Pages/EPAC-introduction-page.aspx




" Extreme Photonics Applications Centre 1

Building handover April 2022
Operational 2025 0

clf.stfc.ac.uk/Pages/EPAC-introduction-page.aspx ' .'_




Summary

LPA research is focusing on beam quality

« Machine-learning optimization has been demonstrated
« Better lasers are improving stability and reliability
 Enables applications and statistical experiments

Large investments are being made in LPA development
« PW lasers at 10 Hz will soon be operational
« Large-scale user facilities are under construction

« AKkey objective is to produce laser-driven sources for scientific and
industrial applications
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