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New Ionizing Sources 

From Lasers to Particles and Applications   
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What is Physics at High Intensity  ? 

P= 4x1026 W 

 I= 1020 W/cm2 

• I = coupling between light and matter   

• Huge !! 

10 m 

2 J 

 20  fs 

P= 1014 W 
I > 1020 W/cm2 ! 

10 mm 
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Physics at High Intensity : brief historical 

Next genération : APOLLON 10 PW !!! 

Relativistic effects  : Particle acceleration regime  

  
Ionization : plasma 



Colloque “Chimie sous Rayonnements”, November 15th – 16th, Paris, Maison de la Chimie, France 

Low intensity : v <<  c 

High Intensity  : v ~ c 

Physics at High Intensity : relativistic effects 

x E 

2z E 

Courtesy G. Mourou 
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Laser diode 
 (telecom) 

LMJ / NIF 

A lot of Energy /  Long pulses 

Plasma Physics/ Ignition 

 

Typical laser sizes 

UHI T3 lasers  : small Energy / ultra-short pulses : 

Ultra-High peak power 

Suitable for particle generation !  



Relativistic Optics 

Developing these ultra-short sources for applications : 
diagnostic inertial fusion, health technology, solid state physics, chemical 

physics, imagery,… 

Complete description of interaction 

laser 

plasma g 

Protons 

Electrons 

Neutrons 

Ions 

UVX 

 

The secondary sources inherit of the laser properties : 

Duration, synchronization, coherence … 

Secondary particles : 

 first source of information 

• Photons diagnose the 

intantaneous response of matter 

• Light electrons diagnose the 

femtosecond domain 

• Heaviest protons give information 

on the 100 fs time scale 
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Electron 

Proton 

Coherent XUV 

Sources Possible applications 

Outline 

Perspectives 

protontherapy  

radiotherapy 

imagery of nanoscale  systems 



Proton acceleration  
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Contaminant layer  

Ion acceleration mechanism 

S.C. Wilks et al., Phys. of Plasmas 8, 542 (2001) TNSA (Target Normal Sheath Acceleration) 
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4 x 10 19 W/cm2 

H+ 

2006 
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The contrast issue 
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First  laser induced proton luminescence imagery 
Coll : G. Baldachino, JP. Renault, S. Pommeret 
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Single shot proton energy release in the material 

1 MeV 6 MeV 

Vacuum 460 nm 
CdWO4 

• Single shot diagnostic for  
energy  and divergency measurement 
 
• First step for up coming ps time scale 
Defect formation studies (coll DEN)  
and 
Ultra-fast radiolysis experiments 
(coll Labo de Radiolyse- Saclay) 
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Are UHI lasers Suitable for laser-protontherapy ?  
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•dose deposition optimised 
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Proton therapy centers :  typical sizes  

Cost : 80 to 140 M€  
(~2.5 times a photon based center) 
Size : 1000 to 2000 m² 

picture from the JAEA web site 

More affordable installations 
  

more clinical centers 
  

more treated patients 

Hundred’s meter large scale 

installation ! 
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How far are we with lasers ? 

Energy 
max 

E/E Shot / shot 
Variability 

dose divergency 

Requested 200 MeV 0.1 % 0.1 % 1 liter @ 2 Gy  
 10E12 protons/2 min 

Controlled ! 

Laser-based 20 MeV 25 % 5 % 109 / shot  
 10E12 protons/2 min 

20° 

A laser driven ion beam for medical therapy:  

a real challenge !! 



Protons 
Electron acceleration 
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Electron  acceleration mechanism - under-dense plasmas - 

Plasma wave 

Laser pulse Courtesy V. Malka  
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Saclay Laser driven electron accelerator performances 

1.6 nC, 10Hz of ~15MeV e- !! 

1010 electrons (with E ≥ 8 MeV)  

per Joule record efficiency ≥ 10-2  
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The Intra-Operative Radiation Therapy is a particular class of radiotherapy which consists  

in irradiating the tumour bed just after its surgical ablation and before the end of operation. 

Suitable for  IORT? 

First intra-operative treatment (1909) A modern IORT device 

Energy E/E Rep 
Rate 
 

Bunch charge,  
bunch duration 

Beam divergency cost 

LIAC 

(SORDINA) 
  12 MeV Non 

critical 
5-20 Hz 1.8 nC, 1.2 ms 

 
Non critical 2 M€ 

Laser-based 12 MeV 25 % 10 Hz 
 

1.6 nC, <100 fs 
 

2°-4° 2 M€ 
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• Laser in a dedicated technical room : daily operation and servicing is performed 

outside the operating sterile rooms : save time 
 

• Room multiplexing possible : save budget 

Operating  

room 

Operating  

room 

Operating  

room 

Operating  

room 

Laser  

source 

Electron head 

Electron head 

Electron head 

Electron head 

Main laser advantages  
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Some records ! 

Record 2006 : 1 GeV over 3 cm distance, W. Leemans et al, Nature Phys 2, 696, 2006 

Best supraconducting cavities : E = 50 MV/m : 100 MeV in 2 m  
LPA : E > 100 GeV/m : 100 MeV in 1 mm !! 

100 mm 

Courtesy of W. Mori & L. da Silva 

SLAC : 50 GeV in 3 Km 

LPA : 50 GeV in 50 cm ! 

http://upload.wikimedia.org/wikipedia/commons/8/8a/Stanford-linear-accelerator-usgs-ortho-kaminski-5900.jpg


Generation of intense coherent 

XUV sources :  

High Order Harmonics 
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HHG from solid targets 
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HHG from solid targets 

8x1018Wcm-2 

 
H20 = 40 nm 
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Is the Beam Spatialy coherent ? 

Interference 

pattern of 3 XUV 

sources 
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Usual plasma Laser- driven femtosecond plasma 

Coherent response of the matter at the femtosecond time scale 
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‘Watching matter rearrange’  

K. Nelson Science (1999) 

Dream application :  Imaging a macromolecule and  

following its dynamics of on the femtosecond time scale  

Principle : 
coherent diffraction imaging 

pump-probe experiments 

Laser pompe 

sonde 

• coherent  
 
• short wavelength-spatial resolution 

 

• ultra-short - temporal resolution  

 

• intense-image small size objects 

 

• single shot !  

Necessary properties  
on the imaging source : 
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First step : Single shot diffractive imaging using soft X-ray : 2006  

First demonstration using a FEL – FLASH (large scale facility)  

Resolution = 60 nm  

sample 
l  32nm  

20µJ, 30 fs 

C
C

D
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Seconds step : the same BUT using HHG from a T3 laser 

Resolution = 120 nm 

Decisive step ! Single shot diffractive imaging using HHG from a T3 laser 

1 Hour acquisition 
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Coulombic explosion of an isolated single molecule  

Time resolution 1 fs ! 
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Conclusions/ perpectives 

Laser driven particle acceleration or hard photon generation using 

relativistic ultra-high field effects is of considerable interest !! 

• Laser Proton-therapy : still a long way ! 

• Laser Electro-therapy (IORT) : not so long ! 

• Dynamical evolution of  isolated molecules with a unprecedented 

time resolution : not so long ! 
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  infrastructure de qualité exceptionnelle  
radioprotection, stabilité, espaces (5000 m2 disponibles) 

French Project CILEX @ Orme des merisiers 

Faisceaux d’électrons de 100 GeV 
Faisceaux de protons de 1 GeV 
Faisceaux X cohérents de 100 keV 

UHI100 et LASERIX 

APOLLON 

33/

X 

WE SEEK FOR COLLABARATIONS  

WITH CHEMISTS ! 
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Above PW projects in EU > 1 B€   

ELI in Tcheque Republic 

ELI in Hongria 

ELI in Romania 

FLAME- PLASMONX in Italy 

CLPU : Salamanca  

Vulcan 10PW / Gemini projects in UK 

SCAPA project in Scotland 

MPQ project in UHI physics on PW lasers 

Jena projects in UHI physics on PW lasers 

European XFEL projects with PW lasers 

Dresden projects in UHI physics with PW lasers 

http://www.extreme-light-infrastructure.eu/index.php
http://www.extreme-light-infrastructure.eu/ELI-Czech-Republic_zoom_ELI-CZ.jpg.php

