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Laser-plasma acceleration of very high energy electron (VHEE) beams:

using ultra high dose rate pulses for in vitro radiobiology studies.
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VHEE (50-250 MeV) characteristics: toward VHEET

CERNC OURIER | Reporting on international
| high-energy physics

Dosimetric characteristics of VHEE Beams:

* Deep tissue penetration 100 — L ” R
' -~ 6 MeV photons
e Sharp beam penumbra % —— 150 MeV protons
. —— 15 MeV electrons
* Reduced sensitivity to anatomical - NN
inhomogeneities = A
o -
* Relatively flat dose distribution g
. . S 40—
with high entrance dose J’
20—
Other characteristics:
0
. . | | | | | |
 Easy of electromagnetic scanning 0 50 100 150 200 250 300
in pencil beam configuration Gophmin)
APPLICATIONS | MEETING REPORT
e Hi gh yi eld of secondaries fﬂeegbellgﬂh-energy electrons for cancer therapy
n e u t r O n S The VHEE 2020 International Workshop saw more than 4oo0 scientists gather

virtually to evaluate the production of very high-energy electrons for

radiotherapy. Manjit Dosanjh CERN and the University of Oxford,Roberto Corsini CERN,

Angeles Faus-Golfe IJClab-IN2P3 and Marie-Catherine Vozenin CHUV.
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UHDR VHEE and FLASH effect: toward FLASH-VHEET

Due to the intrinsic low efficiency of Bremsstrahlung conversion, it is generally thought that direct usage of charged particle beams is

in order to reach the ultra-high dose rates needed for FLASH

Dosimetric characteristics of VHEE Beams:

* Deep tissue penetration

e Sharp beam penumbra
L . > VHEE FLASH-RT
 Reduced sensitivity to anatomical

inhomogeneities
FLASH-RT:

 Delivery of ultra-high doses in extremely short
irradiation times (Dose rate >40 Gy/s) preserves
normal tissues maintaining anti-tumor efficacy
equivalent to conventional radiotherapy at the same
dose level.

would combine unique dosimetric advantages of
VHEET with the sparing capability of FLASH
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VHEET: technological challenges in clinical implementation - accelerators

Development of compact,

LOA, CNRS/Ecole Polytechnique/ ALPHA-X, (University of
ENSTA), Paris, France Stratchclyde), Glasgow, UK

Sta b I e a n d Effi C i e nt a Cce I e rato rS sli:::;t;{- 22(?(;)95 Svendsen et al. 2021 \ Svendsen et al. 2021

LWFA (LLC), Lund, Sweden

. PITZ & ARES (DESY), Hamburg, Germany
- / Stephan et al. 2022
Wanstall et al. 2024

ILIL (CNR-INO), Pisa, Italy

/ Labate et al. 2020

ELI (INFLPR), Magurele, Romania
Orobeti et al. 2024

PRAE (Paris-Sud University), Paris, France

suitable for hospitals
Han et al. 2019

. CLEAR (CERN), Geneva, Switzerland h
o
RF linear accelerator Lagzda et al. 2020,  Bateman et al. ,_024'\

Poppinga et al. 2020, Hart et al. 2024,
McManus et al. 2020, Whitmore et al. 2024, |
Small et al. 2021, Clements et al .2024,
Kokurewicz et al. 2021, Wanstall et al. 2024.

SPARC (INFN), Frascati, Italy
Subiel et al. 2014

 Laser-plasma accelerators
through the Laser Wakefield Acceletarion EN-LNE. Francasl Kl

Tsinghua University, Beijing, China

(LWFA) mechanism PHASER, NLCTA (SLAC), Stanford, CA, USA Guo et al. 2023

Maxim et al. 2019

CoRelS, Gwangju, South Korea
Nakajima et al. 2014

NLCTA (SLAC), Stanford, CA, USA
Bazalova-Carter et al. 2015,

Palma et al. 2016, ,
Schuler et al. 2017. o

KERI, Ansan, South Korea
Kim et al. 2020

Research laser-plasma accelerators exploiting the WakeField effect
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Laser Driven VHEE: a quick look at the basic of Laser WakeField (LWFA) process

Ultrashort and ultraintense laser pulses can be fruitfully exploited to accelerate electrons up to relativistic energy

Generazione, Ottica di focalizzazione PuUNto di

amplificazione e interazione
trasporto del laser

Plasma Wave

Forza
ponderomotrice

_—_—————— e —

1. The plasma wave can be excited in the 2. Some electrons get injected into the right

|
| - |
| fm————————— — | | I . . . .
| "’I‘Pm-‘*” e | ! | wake of an intense laser pulse propagating phase of the wake and gain energy “surfing” the
aser -l | . ,
i L _ o | in a plasma due to the ponderomotive force wave
I .y e I I —r’-
. N | _ |
i Canale d| “\\_\ I i e |mpu|50 i
| plasma Ugello S laser |
| S| |
- ] b~ ___4
Schematic representation of a laser WakeField accelerator (C. Panaino et. al submitted PMB)
VoLuME 43, NUMBER 4 PHYSICAL REVIEW LETTERS 23 JurLy 1979 LETTERS
Laser Electron Accelerator Gev_eleotron beams from a
) centimetre-scale accelerator
. . « . . T, _Tanpm and J. M. Dawson _
The LWFA mechanism allows electron acceleration up to relativistic energy Dnprtnent o yis, sty ofClfori, Las s, Cafoia 5070 VP LEMAIS™ & WAGLER, .. GONSAVES . 0T, K AR, ... GECES,
An intense electromagnetic pulse can create a weak of plasma oscillations through the I::> iﬂi‘*ﬁﬁfﬁ;ﬁ? ;ﬁ?;jﬂfﬁl mgggﬁ
. . action of the nonlinear ponderomotive force. Electrons trapped in tl;;y wrslke2 can be ac- nivessty nfm;yucmmam{mmsm. mmi;:u&un m -
celerated to high energy. Exis ass lasers of power dens cm*® shone on plas- *Nuctear Professional School, nversity o Tokyo, 22:2 Shirane-shirakata, Tokl, Naka, Ibaraid 319-1188,
to be obtained over cm-scale acceleration lengths — table-top accelerators e of it 0% o i oo ot st o o ot o e e e 5
o:' aci:::;ratlin dlliit;qce. tThis acl:celi;'ation ;neclhanism is demonst(;jrated through computer '
silmu n. App. lons to accelerators and pulsers are examined,

1979: proposal by Tajima&Dawson nature physics | VOL 2 | OCTOBER 2006 | www.nature.com/naturephysics
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ILIL CNR-INO Area della Ricerca di Pisa: Laser Driven VHEE

VHEE source

240 TW beamline of Ti:Sa laser system - 800nm

Laser pulses energy the the focal spot: ~J

Laser intensity in the focal spot 1018-10%° W/cm?

Pulse duation <30 fs.

Control room TW Target Area Front end Sower Amplifier  Shielded TA Target: He-N, 1% gas-jet

lSTITUTO NAZIONALE DI OTTICA
CONSIGLIO NAZIONALE DELLE RICERCHE
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https://ilil.ino.cnr.it/it/about_it/

LWFA experiment set up: Basic diagnhostics

Laser through plasma

Top view: Thomson -
scattering imaging
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LWFA experiment set up: Electron beam energy
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Radiobiology experiments

@ g§§:£§cg @ I(l‘:gl‘;slitgitiLgoNd;zFiigﬁlao lgeiilce:llilrt]'—.\icl:icerche
Evaluation of the dose-response curve of Peripheral blood
lymphocytes DNA damage due to laser-guided ultra-high dose

VHEE pulses irradiation

Radiobiological endpoints:

Micronucleus Test: gold standard for evaluating radiation-induced

chromosomal damage.
The assessment cover both targeted and bystander effects.

Telomere Shortening: Analysis of telomere length as an indicator of
radiation-induced genomic instabillity.
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Electron beam: energy spectrum and dosimetric characteristics

RCF: longitudinal irradiation
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Radiobiology measurements set up

printing motorized sample holder

B
A T
"‘/‘;:f"..ffv. :

RCF EBT3
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Beam pointing Sample irradiation control
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Radiobiology measurements: improvement in irradiation homogeneity

RCF

Distance (mm)
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UHDR pulses for in vitro radiobiology studies: Preliminary Results

Biological endpoints

20 1

Micronucleus Assay
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* Al p<0.05 vs. control value

DNA repair Senescence e

G. Wang et al DOI:10.3892/01.2021.12757
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ILIL upgrade program

FLASH-RT therapeutic doses (tens of Gy) in a short time (in =100 ms) require ultrashort/ultraintense lasers
high repetition rate (100 Hz or higher)

LASER CAPABILITIES:
240 TW, Ti:Sa, 5 Hz, 27 fs (upgrade in progress);

& 4 \ - * 1kHz, >20 mJ, Ti:Sa + OPA
"' ' \“ = * 100 Hz, >1J, TiSA (procurement in progress)
y\ oy [
\ ,:'{.,’;‘—_-. ! .
, ¢ e

NEW HAP LASER
DEV. LAB

=

USER
C%"(')TORh?L TESTING AND —=
2l LASER FRONT END f NEW PPARR »
10 TW, 10 Hz HIGH DOSE
; Ar:ggiﬁzn | UNDERGROUND
SHIELDED TARGET BUNKER
Upto 240 TW . REA FOR PRAJIA
NEW BEAMLINE for VA
PARTICLE PRE 'CLINICAL dvanced Photon Source
ACCELERATION

STUDIES
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https://www.linkedin.com/company/tuscany-health-ecosystem/about/
https://www.instagram.com/tuscanyhealthecosystem?igsh=bjBiZnN1d2NwNnFu&utm_source=qr
https://www.youtube.com/@THETuscanyHealthEcosystem
https://ilil.ino.cnr.it/it/about_it/

FLASH Radiotherapy Studies in the Tuscan Health Ecosystem (THE)

“THE” is a funded (110 M€, 2023-2026) innovation ecosystems under the PNRR, fully dedicated to life sciences.

o In THE: SPOKE1: Advanced Radiotherapies in Oncology
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Tuscany Health Ecosystem (THE) & uno degli 11 ecosistemi dell'innovazione finanziati a livello nazionale nell'ambito del PNRR, I'unico ~—  Istituto Nazionale i Fisica Nucleare
dedicato alle scienze della vita. Ricevera un finanziamento di 110 milioni di euro, assegnati dal Ministero dell'Universita e della Ricerca, in
riferimento alla missione 4 (Istruzione e Ricerca) del PNRR, in particolare alla componente 2 “Dalla ricerca all'impresa”

* New accelerator technology for FLASH

Finanziato /£, Ministero “ . . . * New radiobiological effects
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* New radiotracers development

Precllnlcal to « Advanced diagnostic approaches

* Novel dose deposition control techniques

CI | N |Ca| tranS|at|On  Syntesis of new radiopharmaceuticals

* From radiobiology to clinical application

THRUST - Tuscany Health Ecosystem Incontro di avvio del Tuscany Health Presentato Tuscany Health
entRepreneUrial Skills Training. Alviail ~ Ecosystem. Alla presenza delle autorita ~ Ecosystem. Il progetto toscano
percorso formativo. regionali nell’ambito degli ecosistemi

dell'innovazione finanziato dal PNRR
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