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1. Scientific Advances
« Machine learning applied to laser-driven ion acceleration
» High-flux proton beams with plasma collimation

« Narrow-band acceleration of gold ions

2. Laser-ion acceleration platform at SCAPA

« Recent progress in source characterisation and technology development

3. ITRF-LhARA project

* Project summary and progress

 Planned PoPLAR experiment
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There are various mechanisms of laser-driven ion acceleration, with Sincs
the dominant one depending on the laser and plasma parameters
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1. Scientific Advances

Neutral network-based model and synthetic
diagnostic of ion acceleration

¥
High-flux proton beams with plasma collimation |
Narrow-band acceleration of gold ions ¥
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Neutral network-based synthetic diagnhostic of proton spectra

Christopher J. G. McQueen, Robbie Wilson, Timothy P. Frazer, Martin King,
Matthew Alderton, Ewan F. J. Bacon, Ewan J. Dolier, Thomas Dzelzainis, Communications Physics 8, 66 (2025)
Jesel K. Patel, Maia P. Peat, Ben C. Torrance, Ross J. Gray & Paul McKenna

STFC/Cockcroft-funded PhD student Chris McQueen’s project
involves developing and applying a neural network-based model Xi
of laser-driven proton acceleration.

=

Inputs Outputs

Building on our previous work on the application of Bayesian
algorithms to optimise laser-ion acceleration reported at the
2023 SAC meeting:

E J Dolier et al., New J. Phys. 24, 073025 (2022)
J. Goodman et al., High Power Laser Sci. Eng. Vol. 11, e34 (2023)

paul.mckenna@strath.ac.uk; CI-SAC 20/02/2025
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Neutral network-based synthetic diagnhostic of proton spectra

Experiment conducted using the Gemini laser at the Central Laser
Facility to produce a dataset to train a neutral network model.

Objective to develop a synthetic diagnostic of proton spectra using
input laser parameters and measured back-reflected laser light

from the interaction with the plasma
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Neutral network-based synthetic diagnhostic of proton spectra

The neutral network model was trained on 80% of the dataset,
with 20% reserved for testing. X

Trained on data from fewer than 700 laser-plasma interactions,
the model achieves an error level of 13.5%, and improves with
more data.

Outputs
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Neural network-based surrogate model of laser-ion acceleration

McQueen et al, Communications Physics 8, 66 (2025)

% increase and RMS in the ensemble PUV
during PFI for various laser parameters:
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PUV = percentage of unexplained variance, a relative
error metric proportional to the mean squared error

Ensemble predictive error as a
function of training set size:

45
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Stable laser-acceleration of high-flux proton beams with plasma collimation

M. J. V. Streeter, G. D. Glenn, S. Dilorio, F. Treffert, B. Loughran, H. Ahmed, S. Astbury, M. Borghesi, N. Bourgeois, C. B. Curry,
S. J. D. Dann, N. P. Dover, T. Dzelzainis, O. C. Ettlinger, M. Gauthier, L. Giuffrida, S. H. Glenzer, R. J. Gray, J. S. Green, G. S.
Hicks, C. Hyland, V. Istokskaia, M. King, D. Margarone, O. McCusker, P. McKenna, Z. Najmudin, C. Parisuaia, P. Parsons, C.
Spindloe, D. R. Symes, A.G.R. Thomas, N. Xu, C. A. J. Palmer

: : o Nature Communications 16, 1004 (2025)
Generation of multi-MeV proton beams from a fast-replenishing

ambient-temperature liquid sheet.

Experiment using the Astra laser at the Central Laser Facility
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Stable laser-acceleration of high-flux proton beams with plasma collimation
Streeter et al., Nature Communications 16, 1004 (2025)

10
» Unprecedentedly low divergence of 1° (€20 mrad), resulting from 250
magnetic self-guiding of the proton beam during propagation through =3 g
a low density vapour. = 0 # 0 =
8 Q
« The proton beams, generated at a repetition rate of 5 Hz, exhibit a —250-
hundred-fold increase in flux compared to beams from a solid target. P —10
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Narrow-band acceleration of gold ions to GeV energies from ultra-thin foils

Martin, P., Ahmed, H., Doria, D., Cerchez, M., Hanton, F., Gwynne, D., Alejo, A., Fernandez-Tobias, J., Green, J., Macchi, A.,
Maclellan, D., McKenna, P., Ruiz, J. A., Swantusch, M., Willi, O., Zhai, S., Borghesi, M. & Kar, S

Communications Physics 7, 3 (2024)

Measured narrow-band acceleration of heavy Au ions from ~15 nm Au foils with spectral peaks of
1.5+ 0.5 GeV

Simulations show that spectrally peaked Au ion bunches stem from strong radiation pressure
acceleration on a heavy-ion dominant plasma in the moments just before relativistic transparency.

Experiment using the Vulcan laser at the Central Laser Facility
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First proton acceleration at SCAPA — winter 2022

=n

~

o g¥

~5MeV protons
on first shot

Tape drive target Active proton detector
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Enhancing laser beam properties for ion acceleration

Intensity Contrast

There were significant prepulses which were
limiting proton energy and flux.

The main prepulses have now been removed
and the contrast is significantly enhanced.

Proton energy increased from 5 MeV to 15 MeV.
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Characterisation and improvement of laser
focus pointing stability.
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Proton source characterisation

« Have now measured protons >15 MeV on SCAPA at up to 1 Hz repetition rate.

« Experiment focusing on measuring shot-to-shot stability of the proton spectrum (<5% variation).

« Uniformity is good at the relevant energies and divergence follows expected trend with energy.

Proton spatial distribution and divergence

Proton spectrum from Kapton tape target (a) ®
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Technology developments

Development and testing of tape targetry in

collaboration with the Central Laser Facility, for

use at the high repetition rate Extreme

Photonics Applications Centre (EPAC) facility at

the Rutherford Appleton Laboratory.

Characterising the effect of

accumulated damage on pellicle
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LPI-PY: An automated high-repetition rate control system

Define scan details in

SEVWENET
optimisation
applied

Machine Learning version

Apply experimental
calibration from
physical values to
control values

Control Files (.json
file containing the
shot parameter)

LPI-Py processes
data and prepares
next shot

Updates position
and fire shot

Grid scan version

paul.mckenna@strath.ac.uk; CI-SAC 20/02/2025
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Applications: UK Space Agency-funded project on radiation damage

Production and testing of radiation-resilient photodetectors led by F. Massabuau (Strathclyde)
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(a) Photodetector samples
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» eam
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What Is the lon Therapy Research Facllity (ITRF)?

Laser-hybrid Accelerator for

Vision: To transform the clinical practice of
proton- and ion-beam therapy by creating a fully | ow-energy in-vitro
automated, highly flexible system to harness end station
the unique properties of laser-driven ion beams.

Stage 1 — in-vitro 15 MeV p+/ions

v Capture and energy selection
#e .’ '\&get room

Stage 1: proton beams with energies in the » S8 % NG Laser room
range 12 MeV to 15 MeV to the Low-energy in- P W] g5,
vitro End Station; o S,

Fixed field - o

Stage 2: proton beams of 127 MeV and ion acslarator (FiA) tiffe
beams of 33.4 MeV/nucleon to the High-energy
in-vitro and In-vivo End Stations. High-energy

in-vitro end station

Stage 2 — in-vivo 125 MeV

Research Need:

-vivo

end station

* lon biology not yet well understood

» Likely benefits from heavier ions
« Clinical choice will require understanding of effects in tumour and normal tissue
« Ultimately might require individual patient research

paul.mckenna@strath.ac.uk; CI-SAC 20/02/2025
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x@sAR Supersonic Gas Curtain based real-time lonization Profile Monitor 9

IBIC2024

L4 4

Development of gas jet
ionization profile monitor of
the ion beam.

Proof of concept
measurements relating to

LhARA ion beam parameters.

Courtesy of Narender Kumar,

Liverpool
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Stage 1. 15 MeV TNSA to Gabor capture line

Gabor capture setup

Will Bertsche, Manchester

Is providing theory support

for the experimental work
<5 on Gabor lens at Swansea

Laser-driven ion source

(LR L]
P <)
University of

Strathclyde

Glasgow

MANCHESTER

@ Prifysgol

== Abertawe Solenoid: B ~40 mT
% Swansea ] ) o

NS University Brillouin density limit

ng = 7.7x10%5 m-3
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Beam to the high
energy in vitro

Stage 2: Ultra-high dose  «ssaen
rates at variable energy *
for in-vivo studies
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Science and In vivo beam line kida
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Facilities Council \/‘/ + Collimator

Beam to the RF cavities for ’ Dipole

in vivo end longitudinal
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' manipulation
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|
Pasternak, Kurup, Shields et al.

| J

Evolution of RACCAM design

Benefits from extensive UK and
international experience in FFA
developments for particle physics
and neutron sources

https://www.frontiersin.org/articles/%gﬁ [fphy.2020.567738/full
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ITRF Baseline Layout

In Vivo
End
Station
Control

Control
Room

Meeting
Room

n Vivo End
Station

Area 6

Switchboard g

Water | o\

3umps OUtSide

pen

Fenced Area

Transformer /

32m

t

57m 15m .
72m
LhARA performance summary arXiv:2006.00453
12 MeV Protons | 15MeV Protons | 127 MeV Protons | 33.4 MeV/u Carbon
Dose per pulse 7.1Gy 12.8 Gy 15.6 Gy 73.0 Gy
Instantaneous dose rate | 1.0 x 10°Gy/s | 1.8 x 10°Gy/s | 3.8 x 10° Gy/s 9.7 x 10% Gy/s
Average dose rate 71 Gyl/s 128 Gy/s 156 Gy/s 730 Gy/s
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RF Project and LhARA Status

Oct 22 to Oct 24: Infrastructure Fund Preliminary Activity to deliver ITRF facility
Conceptual Design.

Oct 24 to May 25: Abbreviated bridging funding allows us to deliver much of planned
PoPLAR proof-of-principle experiment (supports ITRF Stage 1 and science case).

Have not yet achieved approval of further funding to take ITRF facility forward.

LhARA Collaboration will continue and is seeking alternative funding to pursue
experimental and technology development.

paul.mckenna@strath.ac.uk; CI-SAC 20/02/2025
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Proof-of-principle LhARA radiobiology (POPLAR) experiment

« As a proof of principle experiment for LhARA we aim to capture the laser-driven proton
beam from SCAPA Bunker B to irradiate cells at conventional and ultra-high dose rates.

« The key aim is to show high throughput irradiation at controllable dose and dose rates
from a laser driven source:

~10 MeV — grow cells on 2.5 um mylar in glass rings
Control -

—— p— Internal diameter — 18.5 mm

7\—/ —\_____. __ Outer diameter — 22.5 mm

I - b
4&% A = BN f_-' g‘?f P — _'_\\‘ — =

Sealable lids

CONVENTIONAL - 0.1Gy per pulse separated by 1 sec = 6Gy/min
ULTRA-HIGH - 1-3Gy/pulse (2ns) = 0.5-1.5 GGy/sec (~10° Gy/s)

paul.mckenna@strath.ac.uk; CI-SAC 20/02/2025
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20 %
=

Proof-of-principle LhARA radiobiology (POPLAR) experiment

t\ \ 1

z ’ End Station

Permanent Magnet
¥ Quadrupole (PMQ)
System A2 iR

5%

< PO

 We are in the process of designing and adding a capture beamline to SCAPA bunker B to

guide and focus the laser-driven proton source to a cell irradiation end station.

Major challenges are in purchasing, mechanical design and PMQ alignment
paul.mckenna@strath.ac.uk; CI-SAC 20/02/2025
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PoPLAR beamline engineering

« We are in the process of designing and adding a capture beamline to SCAPA bunker B to
guide and focus the laser-driven proton source to a cell irradiation end station.

« Challenges are in equipment costs, mechanical design and PMQ alignment sensitivity

ce

Relractable
béaf‘; proﬁler

Thomson
parabola

lti- positlon' gv’ ',
II holder Gy (s |

holder
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PoPLAR beamline engineering E
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Proof-of-principle LhARA radiobiology (POPLAR) experiment
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