Radiobiology with laser-driven ions at the CLF

M. Borghesi', P. Chaudhary?3, K. Prise3

"Centre for Light-Matter Interactions, QUB
2 Patrick Johnston Centre for Cancer Research, QUB

3 National Physical Laboratory

QUEEN'S

UNIVERSITY
BELFAST

CLF/LHARA workshop, RAL, 2/11/26



Radiobiology activities within large consortia (2011-now)
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lon beams at CLF facilities

High-contrast (plasma
mirrors) allow ultrathin foil
interactions

Volumetric acceleration
TNSA protons (~um foils) & 0!

« Diverging, laminar beams
« Broad spectra
« Highly pulsed emission
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Radiobiology at Extreme Dose Rate

Conventional

dose-rate
0.01-0.1 Gy/s

=)

FLASH regimes
40 -1000s Gy/s

&) Laser-driven particles
>10° Gy/s

Thin layers of Ponderomotive
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TNSA proton source (surface acceleration)

Laser-ion accelerators:
 Ultrashort sources

High brightness

Unexplored, extreme regimes of radiobiology:

« Spatio-temporal overlap of independent tracks
* Local depletion of oxygen
 FLASH effects ?

Review: Chaudhary P, et al (2021), Front. Phys. 9:624963
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Example: irradiation set-up @ VULCAN PW (CLF-RAL)
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cells medium




Beam transport and dosimetry

Dose along dispersion direction

Dose distribution in RCF @ cell plane
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Cellular Models

Cells :

1) V79 cells: hamster lung cells

2) Human normal skin Fibroblasts —AG01522

3) Patient derived GBM stem cells 2D and 3D
models

Hypoxia marker

(HIF-1a.)
expression (red)
towards the inner
core of a
neurosphere.

Hypoxic regions within core of
neurospheres are a cause of

3D neurospheres

developed from patient di ist
monolayers derived 2D GBM stem cells radioresistance

Cells grown as 2D



Main assays employed

Clonogenic assays (cell survival studies):
1 week

Cell irradiation - Cell culturing # Counting of

colonies

Survival fraction

DNA damage and repair
(53BP1 immunofluorescence):

53BP1 foci

Counting of foci

Cell irradiation » Cell fixing P Cell staining
Foci (regions of

Process involving accumulation of the agent)
0.5- 24 hr ' '

an agent which binds are highlighted , e.g. by

to DSBs fluorescence




DNA repair dynamics following UHDR exposure (oxic)

GEMINI, RAL: F. Hanton et al, Sci. Report, 9, 4471 (2019)
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Hypoxia chamber developed for irradiations at controlled oxygen level

a
P.Chaudhary et al, Rad Oncol., 17,77 (2022)
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More persistent damage observed under hypoxia at UHDR

VULCAN, RAL: P.Chaudhary et al, Rad Oncol., 17,77 (2022)
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UHDR carbon radiobiolo%
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Cell Iradiation Chamber
Assembly

GEMINI laser @ CLF (UK)
~10 MeV/n C5%* pulses
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Cell survival: 2D vs 3D cell models

P.Chaudhary et al, submitted

Conventional Protons -
« Enhanced cell killing
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Survival studies (2D): differential cell response

B. Odlozilik et al, PhD thesis
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More advanced studies require enhanced dose control

Quadrupoles for EPAC:

X(mm) - Y(mm)

[ 1

Position (m)

~10 Gy @10 MeV/n C6+ on GEMINI/EPAC

Xmax=2.460 mm Ymax=4.903 mm

Advanced targetry for

beam collimation

Ll

S.Kar et al, Nature
Comm. (2016)

H.Ahmed et al, Sci. Rep.(2021)

Up to 70x dose increase observed with protons
(VULCAN PW

Flat foil dose @ 35 MeV
~1 Gy

Foil/coil: dose @ 35 MeV
~70 Gy
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ELIMAIA : experience with beamline approach

P.Blaha et al, Front Phys. (2025)

Accelerator-type approach:
transport-line, uniform dose,
energy definition...

E~23 MeV (+- 7%)

Excellent O Foci vs dose
beam 30 mins after irradiation
uniformity
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Dose per shot ~ 2-15 mGy

1Gy required at least 70 shots (and > 30 minutes)
Peak dose rate ~1-3 108 Gy/s

Mean dose rate ~ 1034 Gy/s
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Planned improvements ~ 100 mGy per pulse, 3.3 Hz operation



Conclusions/perspectives

UHDR radiobiology Emerging evidence of non-standard cell
Compact set-up response at UHDR, enabled by

Multi-Gy doses, >10° Gy/s * moving .to more complex models
: « Using higher energy beams
Beyond FLASH regimes « Single-shot irradiations

EPAC: Needs:
Stable, dedicated beamline arrangement « High-rep targetry
Single shot and multi-shot (10Hz) capability » (tape drive, liquid, cryo)
New investigations: effect of pulse sequencing, « Energy/LET definition,
FLASH (?) regimes, ....more data ! dose uniformity
Capability for both TNSA proton acceleration « Sizeable dose per shot
and bulk acceleration (e.g carbon) « Bio-lab near laser (!)
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