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EUPRAXIA — R. Assmann
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lasma Research Accelerator with eXcellence In Applications

Delivers 10-100 Hz ultra-
short pulses

Electrons
(0.1-5 GeV, 30 pQ)

Positrons
(0.5-10 MeV, 109)

Positrons (GeV source)

Lasers
(1001, 50 fs, 10-100 Hz)

Betatron X rays
(1-110 keV, 10%°)

FEL light

(0.2-36 nm, 10°-10%3)

This project has received funding from the European
- Union's Horizon 2020 research and innovation

programme under grant agreement No 653782.




Status of the EUPRAXIA@SPARC _LAB project — M. Ferrario
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TECHNOLOGY READINESS for USER-OPERATION

EUROPEAN NETWORK FOR NOVEL ACCELERATORS EuroNNAc Special Topics

Laser-plasma acceleration at ELI-Beamlines - S \orkshop
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R. Pattathil

Extreme Photonics
I Applications Centre

* A new UK facility for applications of laser-
driven sources in industry, medicine,
security etc.

10Hz: Expected up to 10GeV beams, x-rays

* Significant Industrial backing based on
proof-of-principle tests

Building completed; installations
ongoing; first operations in 2025




PALLAS, a laser-plasma injector test facility, development status — K. Cassou

LPI parameters

Electron beam parameters

Parameters phase1 phase2 phase3 unit
laser strengh, g 1.15-1.4  1.15-1.4 >1.8 Parameters phase 1 phase 2 phase 3 unit
laser duration, ¢;, 40 30 30 fs (FWHM) energy 150 200 200 MeV
laser waist, wy 18 18 18 um charge 15-30 30 30 pC
Strehl ratio, S, >0.8 >0.8 >0.8 = frep 10 10 10 Hz
beam pointing, du;  <0.5 <0.5 <0.5 urad energy spread  <5% <5% <2% peak (std)
region 1,1, \ 5 | stability 1% <1% <1% - i 1 <1 2 pm
i i frep 10 10 10 Hz stability 5% 3% 1% -
) target type multi-cell multi-cell multi-cell - reproducibility 5% 3% 39% _
injection ionisation ionisation ionisation -
electron beamline CL1 CL1 TBD -

Build a laser-plasma accelerator test facility aiming to achieve reliability and control comparable to conventional RF accelerator
standards.

Push technological development starting with a 10 Hz 150-250 MeV "high-quality beam" laser-plasma injector (LPI) prototype for
staging to high energy

LPI

beam transport
plasmal

-=— 880 4c 888

4 beam diagnostics




ARES at DESY

- single digit fs synchronization upgrade ongoing

- stable infrastructures (Modulators, LLRF, water cooling)

- high quality, high brightness ultra-short electron beams

- used for accelerator R&D, dielectric laser acceleration
and medical applications

5.8e-5 rms relative energy stability

DLA structures and UHV experimental chamber
DESY. ARES | F. Burkart Page 1



Plasma-wakefield accelerators at high repetition rates

Richard D’Arcy (on behalf of the > » team) R. D'Aroy et al., Nature 603, 58-62 (2022)

The recovery time of a plasma-wakefield accelerator
indicates compatibility with conventional accelerator schemes...
develop a plasma-booster at pre-existing FELs!

energy change

Relative

This is a great first step... but still just a first step il

The big challenge is bridging the up-to-five order-of-magnitude
gap from state-of-the-art to what is required

]
5
>
@
g
®
=
-
3
[ 4

Parallels with conventional accelerator technology help us to
contextualise and better define the challenges . T
! I g based facility
Many outstanding scientific and technical goals to be Inter-bunch
reached with emphasis on simulation tools and plasma-source psileai i 333 ns 100 ns
technology — overlap between LWFA and PWFA Bunch-train
length
A huge international effort will be required to solve all the Macro-pulse - 10 ms ?

problems in the next decade separation
Bunchesper | 48000 10000

second

800 ps 10 us ?




Design of plasma sources for compact accelerators — A. Biagioni

Depending on the plasma formation technique, application, dimensions.__, the plasma sourse will assume a large variety of shapes

Heat-pipe ovens (both Lithium and Rubidium sources) provide very long and uniform plasma
channels but require more complicate and higher costs equipments to realize them

Compactness and low costs characterize the Gas jet plasma sources but operation at kHz
repetition rates will require strong efforts to respect the vacuum requirments (tens of bar)

The use of Gas cell plasma sources (HOFI plasma channels) has demonstrated operation at high
repetition rates (200 Hz but 1 kHz is possible to be reached) in a statically-filled gas cell. CHOFI
plasma channels seem ideally suited to multi-GeV accelerator stages operating at high rep-rates but

capillary discharges are versatile plasma sources (possible use for beam focusing) which
present limits to reach large dimensions. Appropriate materials have to be used to design

capillary discharges to operate at high repetition rate.



Hybrid LWFA-PWFA S. Karsch
e
+ Stability of witness beam » Density of withess beam
surpasses that of drive beam higher than drive beam
pC/ (MeV mrad)
0.0 05 1.0 15 pC/ (MeVmrad)
1 I L | 8 10
E— |
(c) %'
LWFA 10 =
stage o
— o
only g =
E 0 ¢
8 ()]
S ®
> @ g
s | witness driver PWFA § L 10 §
@ (0]
s stage =
15) with =
o2 injector §
0 e T T T - 1 | T 1 0
0 100 200 300 400 0 06 100 200 08 300 400 1.0
Energy [MeV]

Energy[MeV]



Overview of betatron radiation sources and applications — S. Mangles
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Single shot X-ray absorption spectroscopy

e Applications of betatron
radiation

—
%)

e
L

=
o

— imaging

rmalised Abs.

) C 04
— absorption spectroscopy " ga cold Cu sample

0
8950 9000 9050 9100 9150 9200

Photon Energy (eV)

Laser Wakefield Accelerators for Tomographic Imaging



Conclusions

* There will be several facilities in Europe adopting plasma-
based accelerators

« Common goal: beam quality — real user applications
- Betatron radiation, FEL

* Dealing with compact microscopic accelerators, several
requirements are needed
- Stabllity, fs-level synchronization
— Novel approaches (hybrid LWFA-PWFA schemes) can be helpful

— Efforts for high rep. rates but plasma recovery time and heating
dissipation must be taken into account
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