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We are interested in several topics
related to relativistic kinetic plasmas

Funded by the
European Union

before collision P

Laser-driven e Development of a massively  Strong-field QED in ultra-intense  Strong-field QED in
accelerators parallel Particle-In-Cell code  laser-plasma interaction colliders (courtesy of
A.Formenti)
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We propose a novel laser-driven
electron acceleration scheme
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How does this concept work ?
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An ultra-short laser beam propagates
in a low density gas
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The laser pushes electrons away and generates
a positively charged “bubble”
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The laser is reflected by the high-density plasma
and the bubble traps some of its electrons
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The bubble accelerates
electrons over few millimeters
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We simulated the hybrid injector concept using
the WarpX Particle-In-Cell code
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is an open-source Particle-In-Cell code
for the exascale era.

~100 contributors T+l
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A movie from our 3D simulations
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A movie from our 3D simulations
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2D slices of our 3D simulations
highlight the acceleration process
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2D slices of our 3D simulations
highlight the acceleration process
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2D slices of our 3D simulations
highlight the acceleration process
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2D slices of our 3D simulations
highlight the acceleration process
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2D slices of our 3D simulations
highlight the acceleration process

16 Side view e Front view

\\\‘>§t-!/// < 3D simulation
N\ N’/
| RGN

_\ = )
_ \ . | on 4096 Summit
E! ANE 3 = /| nodes
N : N ‘
66.8 | R e 66.8 '
98 52 —375 37.5
X [um] y [pum]

WWW.eupraxia-pp.org



PRA AGA

2D slices of our 3D simulations
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2D slices of our 3D simulations
highlight the acceleration process
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2D slices of our 3D simulations
highlight the acceleration process
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2D slices of our 3D simulations
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2D slices of our 3D simulations
highlight the acceleration process

. ) .
. Side view o ) Front view
« 30 simulation
_ _ on 4096 Summit
£ £
3 E! nodes
N N
AN
535.1 Bl ' 535.1
—-98 52 —-37.5 37.5
X [um] y [pum]

WWW.eupraxia-pp.org



PRA AGA

2D slices of our 3D simulations
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2D slices of our 3D simulations
highlight the acceleration process
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2D slices of our 3D simulations
highlight the acceleration process
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2D slices of our 3D simulations
highlight the acceleration process
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2D slices of our 3D simulations
highlight the acceleration process
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Our simulations shows that we can accelerate a
substantial amount of charge with high quality
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Our simulations shows that we can accelerate a
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2D PIC simulations suggest that the hybrid injector
should allow for high accelerated charges also at high-energies
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Exascale simulations informed the design of the
experimental validation of our concept

Three experimental campaigns
between 2022 and 2024

loa 10 TW laser

loa 40 TW laser

| 2 Apdllen 300 TW laser
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In our experiments we observed

a very good shot-to-shot stability
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Experiments also show very good quality of the
accelerated electrons (in agreement with PIC simulations)
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Conclusions

The hybdrid target injector is a promising concept to enable high-
charge, high-quality LWFA sources like those envisaged for EUPRAXIA

We have validated this concept by means of large-scale PIC simulations and
experimental campaigns in 2 facilities.

Perspectives

foreseen by end-of 2024 / early 2025 at CEA (UHI100)

is currently in preparation (submission expected by the end of 2024)
is being added to WarpX to study X-ray emission with the hybrid injector

of the simulation of the acceleration phase is envisaged via coupling with and
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