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LASER PLASMA ACCELERATORS

To use plasma as an 
accelerating medium was firstly 

proposed to achieve higher 
accelerating gradients.

In 2004, first 
quasimonoenergetic 
bunches have been 

accelerated with 
gradients exceeding 

100 MV/mm.

RF accelerators Laser Plasma Accelerators

E
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y Scalable, with accelerating gradients up 

to 100 MV/m. Energy spread as low as 

0.1%.

High gradients higher than 100 MV/mm, 

but energy gain in single stage limited to 

few GeV. Energy spread of 1 %.

C
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n

t Peak current limited by the time duration 

of the bunch, but high average current 

thanks to the higher frequency.

Peak current of few kA, but average current 

at the nA level for high energies.
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Very low (µrad) divergence and pointing 

instability.

Beam divergence and pointing stability at 

the mrad level. Shot-to-shot fluctuations of 

beam parameters.
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Synchronization with other beams limited 

to the ps level.

Synchronization with a laser or radiation 

beam up to fs level.



ELI-BEAMLINES

High repetition rate secondary radiation sources by femtosecond lasers:
- XUV and X-ray sources (broadband and monoenergetic)
- Electrons (broadband and quasi-monoenergetic, up to 10 GeV)
- Protons and heavy ions (1-100 MeV/u)
- Gamma ray sources (broadband and quasi-monoenergetic)



STABLE LASER PLASMA ACCELERATOR
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APPLICATION OF LPA

Cancer TherapyPhysics Radioisotope 
production

Cutting and welding

Irradiators

They have to take advantage of compactness and/or high 
peak current and/or fs synchronization

Imaging Radiobiology

QED VHEE Localized 
production

Electron 
radiography

Ultrafast 
femtochemistry



RADIOBIOLOGY



ELECTRON RADIOGRAPHY
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RADIOTHERAPY

Radiotherapy is a treatment involving the use of high energy radiation

Particle accelerators
vs. 

Radioactive sources

Main cancer 

diagnosis

New 

cases/year

Radiotherapy

treatments

Lung 6242 38,3%

Breast (females) 5628 82%

Prostate 4289 39%

Rectum 2211 82,8%

Corpus uteri 1734 58,6%

Cervix uteri 1033 78,7%

Other without skin 53522 43,0%



MEDICAL LINAC vs PLASMA ACCELERATOR

Radio-frequency accelerators

• Price: 4 Million USD 

• Beam Energy: 6-20 MV

• Energy gain: 10 MV in 1 meter

• Discrete dose range

• 180-360 Hz, <1 mGy/pulse

• Treatment time 5-10 minutes

• Very complex systems

• Old technology, very reliable

Laser-Plasma accelerators

• Price: <2 Million USD CHEAPER

• Beam Energy: up to 300 MV BETTER

• Energy gain: 100 MV in 1 mm

• Continuous dose range

• 50 Hz frequency, 100 mGy/pulse

• Treatment time <1 minute FASTER

• More simple systems

• New technology



2D DOSE PROFILES IN WATER



THE ULTRA-FAST RADIOTHERAPY DEVICE

Pulsed Radiation Source

Radiation Pulse 
Parameters

Fast-imaging 
system

On-line target 
region imaging

Planned treatment     Real treatment



THE ULTRA-FAST RADIOTHERAPY DEVICE

HIGHEST DOSE RATE ON THE MARKET
(>20 mGy in less than 1 ps)

REAL-TIME IMAGING
(time resolution <100 ms)

TUNABLE ELECTRON ENERGY
(100 different beams in the range 10-300 MeV)

HIGH CUSTOMIZATION
(# radiation sources, complex geometry)

LOWER COMPLEXITY
(no high vacuum, no complex electronics)

LONGER LIFETIME
(lifetime >10 years with minor replacements)

EXTREMELY VERSATILE
(dosimetry tests, biomedical research, radioisotope 

production)

LOW FREQUENCY
(<10 Hz)

INCREASED SHIELDING
(higher electron energy)

BEAM STABILITY
(shot-to-shot fluctuations)

TECHNOLOGY DEVELOPMENT RISKS
(device automation, increased costs)



PROJECT STATUS AND ROADMAP

IP 
Protection

•Patent filed in June 2016

•Technical design 

•Doctor’s opinion

6 M Euro

•Beta-Prototype at 50 MeV, 20 mGy/pulse

•Software development

•Certification

10 M Euro

•Final Prototype at 300 MeV, 100 mGy/pulse

•Medical tests

•Certification
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