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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

Dosimetric characteristics of VHEE Beams:

• Deep tissue penetration

• Sharp beam penumbra

• Reduced sensitivity to anatomical
inhomogeneities

• Relatively flat dose distribution 

with high entrance dose

Other characteristics:

• Easy of electromagnetic scanning 
in pencil beam configuration

• High yield of secondaries

neutrons
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UHDR VHEE and FLASH effect: toward FLASH-VHEET

Dosimetric characteristics of VHEE Beams:

• Deep tissue penetration

• Sharp beam penumbra

• 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.

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

VHEE FLASH-RT

would combine unique dosimetric advantages of 

VHEET with the sparing capability of FLASH
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VHEET: technological challenges in clinical implementation - accelerators

• RF linear accelerator

• Laser-plasma accelerators

through the Laser Wakefield Acceletarion

(LWFA) mechanism

Development of compact,

stable and efficient accelerators

suitable for hospitals

RF-based research linear accelerators (RF linacs). 

RF linacs VHEET prototypes

Research laser-plasma accelerators exploiting the WakeField effect



Laser Driven VHEE: a quick look at the basic of Laser WakeField (LWFA) process
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Ultrashort and ultraintense laser pulses can be fruitfully exploited to accelerate electrons up to relativistic energy

2. Some electrons get injected into the right
phase of the wake and gain energy “surfing” the
wave

1. The plasma wave can be excited in the
wake of an intense laser pulse propagating
in a plasma due to the ponderomotive force

Laser pulse

Plasma Wave
Electron 
Bunch

1979: proposal by Tajima&Dawson

“Basic” requirements to accelerate electrons fulfilled by 
wake (plasma) waves:

• intense longitudinal electric field
• phase velocity close to c

The amplitude of the excited wave depends on the 
pulse length → need for ultrashort laser pulses

The LWFA mechanism allows electron acceleration up to relativistic energy

to be obtained over cm-scale acceleration lengths → table-top accelerators

Schematic representation of a laser WakeField accelerator (C. Panaino et. al submitted PMB)
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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 1018−1019 W/cm2

• Pulse duation <30 fs. 

• Target: He-N2 1% gas-jet
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https://ilil.ino.cnr.it/it/about_it/
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LWFA experiment set up: Basic diagnostics

Side view 

Top view 

He-N2 mixture

Side view 

He-N2 mixture

Side view: 
Nozzle 
imaging 

Top view: Thomson 
scattering imaging 

Laser through plasma

He-N2 mixture
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LWFA experiment set up: Electron beam energy

Side view 

Top view 

He-N2 mixture

Side view 

He-N2 mixture

Top view 

Typical energy spectrum
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Radiobiology experiments

Side view 

Nozzle tip
He-N2 mixture

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 instability.
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Electron beam: energy spectrum and dosimetric characteristics

Side view 

Nozzle tip
He-N2 mixture

Energy spectrum Longitudinal dose profile Transverse dose profile

RCF: longitudinal irradiation
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Radiobiology measurements set up

Side view 

Nozzle tip
He-N2 mixture

New 3d printing motorized sample holder

RCF EBT3
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Side view 

Top view 

Nozzle tip
He-N2 mixture

Beam pointing

x=2mm

y=3mm

Sample irradiation control
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Radiobiology measurements: improvement in irradiation homogeneity

Side view 

Nozzle tip
He-N2 mixture

FB

RCF

RCF

F

B

e-
Beam



Immagine

UHDR pulses for in vitro radiobiology studies: Preliminary Results

Side view 

Nozzle tip
He-N2 mixture

Biological endpoints

G. Wang et al DOI:10.3892/ol.2021.12757

Micronucleus Assay

Telomere Shortening



ILIL upgrade program
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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)

A logo with text on it

Description automatically generated

LASER CAPABILITIES:
• 240 TW, Ti:Sa, 5 Hz, 27 fs (upgrade in progress);
• 1kHz, >20 mJ, Ti:Sa + OPA
• 100 Hz, >1J, TiSA (procurement in progress)

https://ilil.ino.cnr.it/it/about_it/
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Preclinical to 

clinical translation

• New accelerator technology for FLASH
• New radiobiological effects
• New technology for high dose-rate dosimetry
• New radiotracers development
• Advanced diagnostic approaches
• Novel dose deposition control techniques
• Syntesis of new radiopharmaceuticals
• From radiobiology to clinical application

In THE: SPOKE1: Advanced Radiotherapies in Oncology

Led by:

With:

Coordinated by:

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

FLASH Radiotherapy Studies in the Tuscan Health Ecosystem (THE)
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