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What is Physics at High Intensity ?
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Physics at High Intensity : brief historical
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Chirp Pulse Amplification
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Physics at High Intensity : relativistic effects
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Typical laser sizes

LMJ / NIF
A lot of Energy / Long pulses
Plasma Physics/ Ignition

UHI T3 lasers : small Energy / ultra-short pulses :
Ultra-High peak power

Laser diode

(telecom) Suitable for particle generation ! @
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Relativistic Optics

N

plasma

laser
Protons 7~ ° Photons diagnose the
Intantaneous response of matter
lons : :
»~= ¢+ Light electrons diagnose the
UV X - Electrons femtosecond domain
Neutrons « Heaviest protons give information
‘ on the 100 fs time scale

Complete description of interaction

The secondary sources inherit of the laser properties :

Duration, synchronization, coherence ...

—

Developing these ultra-short sources for applications :
diagnostic inertial fusion, health technology, solid state physics, chemical
physics, imagery,...
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Coherent XUV
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Proton acceleration




lon acceleration mechanism

TNSA (Target Normal Sheath Acceleration) S.C. Wilks et al., Phys. of Plasmas 8, 542 (2001)

E (~1012 V/m)
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Contaminant layer
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ARTICLES
2006 .
Laser-driven proton scaling laws and new

paths towards energy increase

J. FUCHS'-2*, P. ANTICI"-2:34 E, D’HUMIERES?, E. LEFEBVRES, M. BORGHESI®, E. BRAMBRINK?,
C. A. CECCHETTI®, M. KALUZA”, V. MALKA®, M. MANCLOSSI®?, S. MEYRONEINC™®, P. MORA™,
J. SCHREIBER?, T. TONCIAN'2, H. PEPIN® AND P. AUDEBERT"
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The contrast iIssue

Eclairement (W/cm?)

-50 50 2 ns

0
Temps (ps)
FHYSICAL REVIEW E 69, 026402 (2004)

Complete characterization of a plasma mirror for the production of high-contrast

ultraintense laser pulses

G. Doumy, F. Quere, O. Gobert, M. Perdrix, and Ph. Martin

T L T - P ; L P e e g a— ; - - L o - P LN IR E FT AT '
Service des Photons, Atomes et Molecules, Commissariat a I'Energie Atomigue, DSM/DRECAM, CEN Saclay,

91191 C
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PRL 99, 185002 (2007) PHYSICAL REVIEW LETTERS 2 NOVEMBIER 2007

Proton Acceleration with High-Intensity Ultrahigh-Contrast Laser Pulses
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C@C] First laser induced proton luminescence imagery
Coll : G. Baldachino, JP. Renault, S. Pommeret

Single shot proton energy release in the material

target Transparent medium

i
UHI100 laser s~ luminescenc

Proton number (au)

o 1 2 3 4 5 (S 7 8 9o 10

Proton Energy (MeV)
Vacuum
S * 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 ?

100

Bragg peak

/ *dose deposition optimised
Needed

50

Dose(%)
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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 m?

Hundréd’s meter largg: scale,ﬂ
Installation ! g

Proton beam source

PET

Laser transmitter
o000O0O

LASER system
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How far are we with lasers ?

Energy AE/E | Shot / shot | dose divergency
max Variability

Requested 200MeV 0.1% 0.1% Controlled !

A laser driven ion beam for medical therapy:
a real challenge !!

PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS 10, 02301 {20607}

What will it take for laser driven proton accelerators to be applied to tumor therapy?

quality-assurance and patient-safety aspects. This is not
to say that one should not work towards solving these
tremendous problems! After all, it was realized over
100 years ago that orthovoltage x rays could be used for
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Electron acceleration




Electron acceleration mechanism - under-dense plasmas -

Plasma wave

Laser pulse

Surfing

glectrons
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A= Saclay Laser driven electron accelerator performances

10%electrons (with E = 8 MeV)
per Joule record efficiency = 10-2

1.6 nC, 10Hz of “15MeV e-

PRL 101, 105002 (2008) (SICAL REVIEW LETTERS

Intense y-Ray Source in the Giant-Dipole-Resonance Range Driven by 10-TW Laser Pulses

A. Giulietti,"* N. Bourgeois.® T. Ceccott avoine.” S. Dobosz.* P. D’Oliveira,* M. Galimberti,"* J. Galy.®
A. Gamucci,"? D. Giuliett,"*” L. A. Gizzi," D.J. Hamilton,** E. Lefebvre.” L. Lab: J.R. Marqués,® P. Monot,*
H. Popescu.* F. Réau,
A lazionale delle Ricerche, C. Campus, Pisa, Italy
30 Sezione di 1, Ttaly

Ecole Polytechnigue, Palaiseau, France

Energy [MeV]
ner - e / -Chatel, France
SEuropean Commission, JRC Institute for Transuranium Elements, Karlsruhe, Germany
"Dipartimento di Fisica, Universita di Pisa, Pisa, ltaly
81 Milano, Italy

250 mrad 250 mrad
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Suitable for IORT?

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.

LIAC 12 MeV  Non 5-20Hz 1.8nC, 1.2 us Non critical 2 M€
(SORDINA) critical
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Main laser advantages

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

Association
pour la Recherchej
sur le Cancer

Electron head
Operating

room Laser

Electron head source Operating
room

Operating
room

Electron head
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100 MeVin2 m

100 MeVin1 mm !!

0.74 [ ps]

Time =

Courtesy of W. Meri&

SLAC:50 GeV in 3 Km
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é
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http://upload.wikimedia.org/wikipedia/commons/8/8a/Stanford-linear-accelerator-usgs-ortho-kaminski-5900.jpg

‘Generation of intense coherent
XUV sources :
Tﬁh Order Harmonic_s



HHG from solid targets

Coherent dynamics of plasma mirrors

C. THAURY', H. GEORGE', F. QUERE'*, R. LOCH2, J.-P. GEINDRE?, P. MONOT® AND PH. MARTIN'
'CEA, IRAMIS, Service des Photons Atomes et Molécules, F-91191 Gif-sur-Yvette, France

2Laser Physics and Nonlinear Optics Group, Faculty of Science and Technology, MESA™ Institute for Nanotechnology, University of Twente, The Netherlands
3Lahoratoire pour I'Utilisation des Lasers Intenses, CNRS, Ecole Polytechnique, 91 128 Palaiseau, France

*e-mail: fabien.quere@cea.fr
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HHG from solid targets
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Plasma mirrors for ultrahigh-intensity optics

C. THAURY™, F. QUERE™, J.-P. GEINDRE2, A. LEVY', T. CECCOTTI', P. MONOT', M. BOUGEARD',
F. REAU', P. D’OLIVEIRA, P. AUDEBERT?, R. MARJORIBANKS® AND PH. MARTIN'

"Service des Photons, Atomes et Molécules, Commissariat a 'Energie Atomique, DSM/DRECAM, CEN Saclay, 91191 Gif-sur-Yvette, France
2Laboratoire pour I'Utilisation des Lasers Intenses, CNRS, Ecole Polytechnique, 91128 Palaiseau, France

3Department of Physics and Institute for Optical Sciences, University of Toronto, 60 St George Street, Toronto, Ontario M5S 1A7, Canada
*e-mail: fabien.quere@cea.fr
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Is the Beam Spatialy coherent ?
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ClRCUIT QED
Sisyphus cooling in the solid state

Harmonic coherence @
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Coherent response of the matter at the femtosecond time scale

Usual plasma Laser- driven femtosecond plasma

@I‘
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Dream application : Imaging a macromolecule and
o following its dynamics of on the femtosecond time scale

‘Watching matter rearrange’
K. Nelson Science (1999)

Principle : I
coherent diffraction imaging sonde -/\- .
pump-probe experiments S, -~

X-ray pulse

Necessary properties
on the imaging source : Laser pompe

* coherent

* short wavelength-spatial resolution ©9

e ultra-short - temporal resolution ~ ¢°

* intense-image small size objects

* single shot ! 13y puise
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First step : Single shot diffractive imaging using soft X-ray : 2006
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sample

A=32nm
20ud, 30 fs
namre b2

physics
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Seconds step : the same BUT using HHG

° @
g
I

1 Hour acquisition

! diffractive imaging using HHG

Decisive step
_ PRL 103, 028104 (2009) PHYSICAL REVIEW LI RS 10 TULY 2080

2 gm
Single-Shot Diffractive Imaging with a Table-Top Femtosecond

Soft X-Ray Laser-Harmonics Sour:

Maia.”> M. Billon," J-P. Caumes." D. Garzella," M. Géléoc.' O. Gobert.' J-F. H
Pena,' H. Perez,' B. Carré,' E. Bourhis,? J. Gierak,® A. Madouri,* D. Mailly.® B. Schiedt,® M. Fajardo,* J. Gaut
P. Zeitoun,” P. H. Bucksbaum.® J. Hajdu,>® and H. Merdji"®

'Commissariat a I"Ene Atomique, Service des Photons, Atomes et Molécules,
Batiment 522, Centre d’Etude de Saclay, 91191 Gif-sur-Yveitte, France
2Laboratory of Molecular Biophysics, Department of Cell and Molecular Biology, Uppsala University,
Husargatan 3 (Box 596), SE-751 24 Uppsala, Sweden
3Laboratoire de Photonique et Nanostructures, CNRS-UPR20, Route de Nozay, F-91460 Marcoussis, France
lasmas e Fusao Nuclear, Instituto Superior Tecnico, Avenue Rovisco Pais, 1049-001 Lisboa, Portugal
'NRS UMR7639,

£ vasio,' D. Gauthier.' F
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SPULSE Institute, Stanford Linear Accelerator Center, Stanford University,
(Received 30 January 2009; published 8 July 2009)

PRL 105, 093901 PHYSICAL REVIEW LETTERS AUGUST Sh10

ReSO| Utlon - 120 n m Single-shot Femtosecond X-Ray Holography Using

M. Guizar-Sicairos.”> X. Ge,' W. Boutu," B. Carré.' J.R. FIL‘HLIP.Z and H. Merdji'?

'CEA-Saclay, IRAMIS, Service des Photons, Atomes et Molécules, 91191 Gif-sur-Yvette, France
“The Institute of Optics, University of Rochester, Rochester, New York, 14627, USA
anford Linear Accelerator Center;

ixtended References

D. Gauthie

i = Institut for Ultrafast Energy Science
Stanford University, 2575 Sand Hill Road, Menlo Park, California 94025, USA
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A= Coulombic explosmn of an isolated single molecule

letters to nature

Potential for biomolecular imaging
with femtosecond X-ray pulses

Richard Neutze*, Remco Wouts®, David van der Spoel”, Edgar Weckerti -
& Janos Hajdu”

NATURE | VOL 406| 17 AUGUST 2000
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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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French Project CILEX @ Orme des merisiers

UHI100 et LASERIX

J mi| APOLLON
¢ V@ ) WE SEEK FOR COLLABARATIONS
. ¢ PV WITH CHEMISTS !
/ 7 Faisceaux d’électrons de 100 GeV
7 Faisceaux de protons de 1 GeV
/ : Faisceaux X cohérents de 100 keV

7 /

2

——
33/

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



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

