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Modern high-power laser science is
pushing us in two directions s

EPAC
Front End

- Applications! %

~~~
—

- Multi-Hz sources

- Ultra high-intensities!!

Ti:Sa High

EPAC 5-10 Hz laser Energy Amplifier A
- Order of 1022 W/cm? .

In this talk, we will focus on the multi-Hz
sources

- Where do they stand currently?

- What is holding them back?

- How do we get past that? Vulcan 20-20



2: Laser-Driven lon Sources

- Relativistic laser interactions with solid P
. Refluxing __’_> Sheath field
density targets accelerates protons Magnetic electrons ",
Preplasma ' electrons
- Sheath fields ~ TV/m along target P &
Relativistic
normal (TNSA) intensity laser |
- These proton beams have: |
Shesvfisia s Sheath-accelerated
‘cold’ electron lons
- Short pulse durations (ps) S
. b Intensity on target x 102" (W cm™) 1
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3: Why Are We Not Using Them

- Repetition rate compatibility
- Shot-to-shot stability and reproducibility

- Cut off energies and
energy spectrum spread

- Beam divergence and emittance
- Target fabrication

- Debris and damage to optics

- Laser contrast requirements

- Diagnostics and real-time feedback
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4. Beam Divergence

- TNSA beams have an inherently large 3 m
divergence (10s — 100s mrad) e L | beamlines

- For high flux applications or beam
capturing this presents an issue

- Sophisticated targetry such as coils
can be used reduced this divergence

- Currently incompatible with
high repetition rates | .
v
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5: The Push for High-Repetition-Rates

- There Is a need for targetry that can fully
exploit these new facilities i.e. EPAC

- Targets such as tape-drives have been
z [3]

Spool

demonstrated to operate at5 H
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6: The Debris Problem

- The interaction produces debris that is
sent into the chamber

- This debris coats the chamber, burns
onto optics and poses a risk for the

vacuum system
Hole size vs laser power
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6: The Debris Problem
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/. Solving Both
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8: The Liquid - Sheet

- The liquid-sheet is varying thickness target
created by converging the flow of water [5]

- Liquid-sheets formed from a colliding micro
channel design have been demonstrated in
the kHz regime [6]

- They are both low-debris and stable, with

100
—— Microl

Micro2
——— Micro3

position fluctuations of <5 um [7] Liquid flow | Sheet Thickness
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9: Proton Focusing in Low-Density
P 8\fﬁt,l;mgfhid-sheet produces a vapour due to 06 1 8]

— openfoam result
: _ ——== fit
surface evaporation 0>
o 0.4
: : : L | p
- Particles accelerated into this vapour ionise < 03 m [f}pz)pg
. = Py
It to form a plasma 02
: _ 0.1
- This plasma supports the generation of "o | | |
beam currents 0 ° o 20

- Two stream instability strips electrons B
from the beam 4 Magnetic

- These currents give rise to magnetic

Energetic lon Beam

fields which act to focus the protons

[8] Streeter, J. V. M, et al (2025) Nature Communications, 16(1).
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10: Exploring this Effect in WarpX

-3<z2<26 mm

<D

Plasma

- Simulate a proton beam (w/ co-propagating electrons) into a plasma
- The beam has some time to expand in vacuum

- The plasma has a sharp boundary with the vacuum, and a constant density
throughout the simulation
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11: What Do We See?

Plasma boundary (z = 0)
Pprotons

Pprotons

Plasma boundary (z = 0)
pbeam, e
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11.1: Simulation Output - Stills

Pprotons £ = 0.00 ps

Plasma boundary (z = 0)
Beams expand in vacuum S Lo
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11.2: Simulation Output - Stills

Pprotons t = 70.33 ps

Beams expands ballistically
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11.3: Simulation Output - Stills

Pprotons t = 140.66 ps

Plasma boundary (z = 0)
.oprotons 104
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11.4: Simulation Output - Stills

Pprotons t=210.99 ps

Plasma boundary (z = 0)
Pprotons 10

Proton beam centre
becomes more

Ipprc;tor‘ns
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11.5: Simulation Output - Stills

Pprotons t=281.33 ps

Plasma boundary (z = 0)
Pprotons

This effect continues as

the beam propagates
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11.6: Simulation Output - Stills

Pprotons t=717.38 ps

Plasma boundary (z = 0) I

Skipping forward in time S e
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12: Background Plasma Density

- Scanning through the electron density of the
background plasma

- 50 nC beam, 20 mrad initial divergence

Beam size (Xpwum) — background density scan

1x 10?2 m—3
1x 102 m™3
1x 102 m3
1x 102 m—3
Plasma boundary

1.2 — 1x107m=3
—— 1x 108 m3
—— 1x 109 m3
1.0 — 1x1020m3

o
0

Bouncing effect

/
/ caused by some

beam leaving the box

Xrwhm [MmM]
o
(#)}
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13: Background Plasma Density

- Scanning through the electron density of the
background plasma

- 10 nC beam, 20 mrad initial divergence Background
_ _ electrons move in
Beam size (Xpwum) — background density scan _ _
reducing focussing
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14: Beam Charge
- The beam has an initialised charge (qp =-0,)

- Changing this in action changes the beam

density
Beam size (Xpwum) — beam charge scan
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15: Beam Charge and Background
Delﬂa%iv“fize at 20 mm propagation

Higher charges show larger reductions around

a ratio of 1
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16: Achieving This On Campaign

- Come and see my poster!!! (the red one)
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What Next?

- Expand on experimental data sets with a
campaign at BELLA next week

- Characterise the vapour profile of the liquid-
sheet to inform simulations at the CLF

- Investigate the fields using LWFA electrons
and the liguid-sheet in Gemini at the CLF

- Deb‘gg_v _the use of the sheet
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