European

Innovation
Council

INTRODUCTION

A NEW FACILITY DEDICATED TQ LASER PLASI\/IA ACCELERATOR
EXISTING RESEARCH FACILITY BASED \/HEE RADIOTH ERAPY ‘ VO

A NEW EXPERIMENTAL HALL
BEAM SIMULATIONS

BEAM TRANSPORT

DOSIMETRY

CONCLUSION

RAJAKRISHNA KALVALA, TOMER FRILING, VICTOR MALKA

N\

ebea i ST
4therap8 A [ e

Arnaud Courvoisier — EAAC 2023 - Elba _ : 4 2 _ European u‘

ARNAUD COURVOISIER, ANTON GOLOVANOQV, EYAL KROUPP, LIDAN\FRIDMANi




European
Innovation
Council

INTRODUCTION

EXISTING RESEARCH FACILITY

A NEW EXPERIMENTAL HALL

BEAM SIMULATIONS

BEAM TRANSPORT

DOSIMETRY

CONCLUSION

Arnaud Courvoisier — EAAC 2023 - Elba

11,7% 11,4%
Breast cancer: Lung cancer:
2 261 419 new cases 2 206 771 new cases
@
°
- ) C—
46% S 10%
Other cancers: g B Colorectal cancer:
8 879 843 new cases £ 8 I:;;; \ 1931590 new cases
' otfal
cases: 19,3 M
3 /
3,1% ‘A 7,3%
Cervix uteri cancer: Prostate cancer:
604 127 new cases p 1414 259 new cases
[
4,7% ¢ 5,6%
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Estimated number of new cases in 2020, all cancers, overall population, all ages



European R
Innovation &
Council

*
*

INTRODUCTION

EXISTING RESEARCH FACILITY

A NEW EXPERIMENTAL HALL

BEAM SIMULATIONS

BEAM TRANSPORT

DOSIMETRY

CONCLUSION

Arnaud Courvoisier — EAAC 2023 - Elba

$ 10,150,000,000

The estimated size of the global radiotherapy market by 2025

25,000,000

The expected number of new cancer cases annually by 2030

> 12,000

The number of additional RT machines required by 2035 in
low- to middle-income countries alone
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OUR OBJECTIVE

To develop an inexpensive, low-footprint laser plasma accelerator technology capable
of reliably generating focused very high energy electron beams (200-250MeV) suitable
for next-generation radiotherapy applications.

OUR VISION BEYOND THE EIC TRANSITION

Together with an industry partner (discussions ongoing), we will incorporate the LPA
technology into a compact & cost-effective VHEE-RT machine prototype that will then
be taken to preclinical and clinical validation in collaboration with university hospital
partners. Next-level funding will be sought to make this possible.

\ 4

The new RT device is expected to fit within existing treatment rooms and provide
improved treatment outcomes deep-seated and inhomogeneous tumours by the
better sparing of healthy tissues.
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experimental hall

office space

T Aatfatead 08 semmy.

technical area targetry rooms
control room
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CONCLUSION
- THALES
- 1.3 Joules per pulse
- 25fs pulse duration
- 5Hz repetition rate
- deformable mirror
- extensive diagnostics
(wizzler, wavefront sensor, psf, spectrum)
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Laser beam line:

- In-vacuum

- stability

- guide beam

- plasma density
- shadowgraphy
- beam pointing
- gastarget
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Electron line :

- spectrum

- charge

- phantom

- dosimetry

- qguadrupoles
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extensive pic simulations to prepare experimental optimisation
lonization injection with air

we aim at reducing the required laser energy

source for further beam line simulations

electronic spectrum after acceleration in an air-jet
3mm long flat-top density, 500mJ, 25fs, 12um waist, f-10
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First version of our

quadrupole triplet optimized for 250MeV VHEE

a gaussian beam with emrad divergence is simulated in GEANT4

better dose rates in lesser time and in less shots

Triplet quadrupole beam
focusing showing beam size
along the transverse direction
with sigma_x and sigma_y. At
the focal point, the beam size is
around 0.1 mm (in vacuum).

Beam Size (mm)
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First version of our

* broad on-axis dose profile resembles mono-energetic focused VHEE.
« peak-dose depth varies with relative phantom positioning down the line.
* linear relation between relative phantom position and peak dose depth
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radiotherapy that will fit in existing treatment rooms

EXISTING RESEARCH FACILITY . : e :
a new dedicated experimental facility is in construction

A NEW EXPERIMENTAL HALL beam transport line with focusing quadrupole triplets improve dose
deposition and offer peak dose depth tuning
BEAM SIMULATIONS 3D single-shot dosimetry via tomographic reconstruction
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