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ESFRI

Therole of the European Strategy Forum on Resear ch
|nfrastructures (ESFRI) isto support a coherent approach to
policy-making on research infrastructuresin Europe, and to
act asan incubator for international negotiations about
concreteinitiatives. In particular, ESFRI ispreparing a

European Roadmap for new research infrastructures of pan-
European interest.



ESFRI ROAD MAP

The ESFRI roadmap will identify needs of the European
research communities for new or major upgrades of pan-
European Research Infrastructure (RI), covering all
scientific areas, regardless of possible |ocalisation.



European Roadmap for Research
|nfrastructures

With the appointment of the 15 Expert Groups, the process of creating Europe 1sfirst
ever Roadmap of large scale research facilities/research infrastructures has now been
Initiated. The ESFRI Roadmap will be instrumental in helping to identify those

projects that are crucial for the scientific community in Europe. The first roadmap is
to be published by early Autumn 2006.



ESFRI
Establish road map for Research Infrastructures
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A Future European High Power Laser Facility

HIPER
CCLRC Rutherford Appleton Laboratory

An informal panel of scientists from seven EU countries was assembled at
the behest of the CCLRC Rutherford Appleton Laboratory to consider the
scientific case for afuture high power laser facility within Europe.

The pand met three times between December 2004 and June 2005. This document
presents the considered view of the panel that there is a strong case for a
large-scale “fast ignition” laser of sufficient capability to make a significant
contribution to the international pursuit of fusion energy, whilst supporting a
broad base of high energy-density civilian research. A brief overview of the
requirement for the laser is presented here.



A MULTI-PW addition to the
LIL laser in Bordeaux

- To carry out integrated fast-ignition experiments on LIL
using itstarget implosion capability.

- To perform high-energy density experiments for matter
under extreme conditions of interest to geophysics and
astrophysics.

- To open the avenue that could lead to ultra-relativistic
exawatt laser power by using the LIL as apump beam,
allowing exploring in the laboratory pressures, accelerations,
magnetic fields, and nuclear processes that occur only in
astrophysical objects.



EXTREME LIGHT INFRASTRUCTURE
(ELI)

Laboratoire d’'Optique Appliguée
Laboratoire d’ Utilisation des L asers Intenses
L aboratoire L eprince-Ringuet
Institut d” Optique Theorique et Appliquée
FORTH-IESL, Heraklion, Greece
Max-Planck-Institut fuer Quantenoptik
VULRC Vilnius

ELI will be devoted to the investigation of fundamentally
novel laser-matter interaction regimes in the ultra-relativistic regime.

ELI will provide a new generation of compact accelerators delivering
ultra short (10-1°-10-18s) pulses of radiation from EUV to y-ray and
energetic particles beams for European scientists.

Eli will practice an aggressive technology transfer, education and
training activities.



Short Description of ELI



Towards an Integrated Scientific Project for European Researcher : ELI

Political Map of the World

ELI, ESFRI meeting Oct. 21 (2005)
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ELI Objectives

The past 10-15 years has seen a new regime d’ interaction: the
regime of relativistic optics (a,~1-10)
ELI will be a pluri-disciplinary scientific and Engineeringfacility.

The main scientific aim of ELI will be to investigate the ultra
relativistic regime from 10<a,<10%.

The very large a, required will be achieved by the shortness of the
pulses and less by the energy.

ELI rely on kHz front end and will evolve over the entire program 5-
7 years towards an “Exawatt, 1/mn to 1Hz"

ELI will provide new beams of radiation, X, gamma, electron,
proton, muon, neutrino
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Nonlinear Optics (bound electron)

hv

Harmonic Generation Franken 1961
Sum and Difference Frequency Generation Bass et al. 1962
Optical Rectification Bass et al 1962
Parametric Generation and Amplification Giordmaine et al. 1965
Stimulated Raman Scattering Woodbury and Ng 1962
Stimulated Brillouin Scattering Chiao et al.1964

>> —> Two-Photon Absorption Kaiser et al. 1961
Four-wave Mixing Maker and Terhune 1965
Optical Kerr Effect Gires and Mayer 1964
Multiphoton lonization Voronov and Delone 1965, G. Mainfray,
P. Agostini, C. Manus, et al. 1967, N. Isenor and S. L. Chin 1969

High Harmonic Generation  P. Agostini, Attosecond

A. L’ Huillier, C. Manus, G. Mainfray 1989 Generation
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Physics of parametric
amplification

Amplified signal

Pump beam Tsllerdbeqmump
Signal beam
Non linear crystal
L B

ELI Scientific Case meeting, ENSTA Paris , December 9-10 , 2005



Special Laserlab Europe Session

Overview and Latest
Developments of OPCPA

by
A. Piskarksas

6:30 same Location



time resolution (seconds)

evolution of ultrafast metrology

106
7] nano-
second
10-°_
i electronics .
: pico-
E second
o
10_12_ ! — ---=::
- - S
| transistor laser
: : femto-
5 i second
10-15] — - - i _TON 251s @2@%750 nm
' E - \
5 femtochemistry T light wave cycle
7 ! atto-
E attophysics?| second
10-18 ! I | I I I I
1940 1950 1960 1970 1980 1990 2000
rriadrich-3Schillar-YUnivarsitit yea_r

Jana, G2rmany

physical quantity with

controlled temporal gradient
provided by the

amplitude of laser pulses

A J ' d
Senw?



femtost¢osacome mutgyomgyies on
conmagliedsangiitoded) gaacken b iwilmash éetrtseequuides

= t cCosine waveioi
E(t) = a(t)cos(w,t + @) R~ cosine weaveforrm
= w=0
S
N
~
e~ ——
B
~
,‘
/7
N 7 7 sine waveforrr
- W = /2
[ 2513

Told = 625 as (@ A, =~ 0.75 um)

rrizdrich-3chillar-Univarsicit
Jana, G2rmany



Focused Intensity (W/cm~)

Nonlinear QED: E-e-), = 2m,c?

30
10 1 PeV
Ralafiviatic (nt /
” Ultra-Relativistic Optics /o ELl
10 /" 1TeV
- . ® CUOS
oo Relativistic Optics
10 .
Eq =Mye 1 MeV
5 Bound electrons
10
AN CPA
<— mode locking 1eV

1010 <— Q-switching

1960 1970 1980 1990 2000 2010

Relativistic

Ultra Relativistic




Relativistic Optics
Strong Motion of Matter

Plasma X rays (Betatron)
hv - 7 Rays (Bremsstrahlung)
=1
Yo protons
— positons

Large Laser Pressure

Plasma
o E.UV

E.UV
X rays

Attosecond {

Fast Ignition



Relativistic Rectification
(Wake-Field Tajima, Dawsonf.
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1) VA B pushes the el ectrons.

2) The charge separation generates an electrostatic
longitudinal field. (Tq ma %nd Dawson: Wake Fields or
Snow Plough) E= Vmg = \/ Amymcn,

3) Theelectrogtaticfield E ~ E|




Relativistic Rectification

-Ultrahigh Intensity Laser is associated with Extremely large E field.

Ei:Zo* | .
— T

Medium Impedance Laser Intensity

|, =10"W/cm’ E =2 TV/m

|, =10°W/cm? E, =.6PV/m (0.610°V/m)



L aser Acceleration:

At 108W/cé , E= 0.6PV/m, it is SLAC (50GeV, 3kmlong) on
10um The size of the Fermi accelerator will only be one meter

(PeV accelerator that will go around the globe, based on
conventional technology).

Relativistic Microelectronics




The Dream Beam

ernational weekly journal of scie

nature

Dream beam

The dawn of @ mpact partigieaccelerators

A

Disease control
Europe plays
catch-up

The Earth’s hum

Sounds of air
and sea

_ technology feature RNA interference

W

Protein folding
Escape from
the ribosome

Hum a’ncestry

One from all and
all from one

,I_l_u;lalll ]

J. Faure et al.,

C. Geddes et al.,

S. Mangles et al. ,

in Nature 30 septembre 2004




Recent results on electrons acceleration - Setup

LOA - 100 TW

Laser Nozzle Magnets / \
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Recent results on electrons acceleration
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Relativistics microelectronic
devices

Time= 0.74[ps]

o -
RF cavity Plasma cavity

Courtesy of W. Mori

ELI, ESFRI meeting Oct. 21 (2005)




Simultaneous measurements of X-ray and Electron Beams

oA

JeCD ( ‘er) Roper Scientific
6cm x 6cm CCD area

A

divergence n, = 10¥%cm-3

+40}

_40 -'

Electron beam
K. Ta Phuoc et al
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Principles of the Betatron radiationEs:

Plasma accelerator

Acceleration field
~ TeV [ meter

E, = 200 MeV

X-ray beam:
10°ph/shot

20 mrad
femtosecond

Helium

Plasma wiggler

A, ~ 100 pm

Betatron oscillation K ~ 20>1,wiggler

ELI, ESFRI meeting Oct. 21 (2005) 31/27




Laser based Synchrotron radiation

Synchrotron Laser based Synchrotron radiation

onduleur

Rayonnement X

|, ~ 10-100 mm

ELI, ESFRI meeting Oct. 21 (2005)




Application: high resolution y-radiography
Advantages: low divergence, point-like electron source

TaConverter Al Diffuser  Object BGO Matrix
\ J A ]
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/ h
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Gas JetNozzle Magrets

A=A cut Lead Wall

In collaboration with L. Le-Dain, S. Darbon from CEA Mourainvilier and DAM



Applications

y-radiography results

Higher resolution: of the order of 400 pum

measured calculated

In collaboration with L. Le-Dain, S. Darbon from CEA Mourainvilier and DAM




Focused Intensity (W/cm~)

Nonlinear QED: E-e-), = 2m,c?
30

10 1 PeV
Palatisictin Ot /
’ Ultra-Relativistic Optics /e ELl
10 /" 1TeV
- | ® CUOS
oo Relativistic Optics
10 o D
EQ Mg 1 MeV

Bound electrony
15

[ ™ cra
<— mode locking 1 eV

Y 111V [ASAVIAN] | Is

1010 <— Q-switching

10

1960 1970 1980 1990 2000 2010

Relativistic

Ultra Relativistic




The Pulse duration-Intensity Virtuous Cycle

NL Bound electrons
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Laser pulse self-compression: experiment

Off-axis
parabolic mirror

Gas-Jet

v

I
dl |

wedges

Spherical mirror >
300 pym-thick —&

Mylar window

- Reflective attenuation .
- dispersion: 300 pym of Mylar Peratliteniective

: single shot
- no nonlinear effect f/ ° Utocorrelator
5 tm-thick

To spectrometer pellicules
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Laser pulse autocorrelation

Lineouts

|

I(t) (arb.un.) A

Possible shape

J. Faure et al., accepted to Phys. Rev. Lett.

« sensitive to

CT/X|D

- duration depends

on pulse shape
(gaussian)

-Initial duration

t~ 38+/-2 fs

‘Final duration

T ~95+/-2 fs

- Energy efficiency

"‘20 70




HHG and Subfemtosecond Pulses from surfaces
of dense plasmas
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Attosecond Electron Bunches
a,=10, t=15fs, f/1, n;=25n,,

3 éAttosecond pulse train

N

1k N\ \ 4
A\ \LL

'D— ™ \ \ } 25+30 Mey
Attosecond

—1 ] bunch train E
-2 =1 0 1 i 5 4 X

K |

30 |

20

10 |

N. Naumova, |. Sokolov, J. Nees, A. Maksimchuk, V. Yanovsky, and G. Mourou,
Attosecond Electron Bunches, Phys. Rev. Lett. 93, 195003 (2004).



“optimal ratio: a,/n,=2, or
exponential gradient due
to o, =wat?
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1D PIC simulations
boosted frame

Amplitude, a

ELI, ESFRI meeting Oct. 21 (2005)



Scaling of the CHF intensity

Gordienko, Pukhov, Shorokhov, Baeva, Phys. Rev. Lett. 94, 103903 (2005)
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Science case
New areas to be opened
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E.L.I Applications

Science, Engineering and Medicine Energy
L @
Ultra-large acceleration: a~103°g, Hawking Radiation
Test of General Relativity, Extra-dimension Physics
Pair Generation
Vacuum Polarisation
e oo 104
Nuclear Physics (Laser field)
Radiation Reactions
Violent acceleration, Unstable Particule acc. 1, muon, neutrino beams
100 GeV beam, Hadron Therapy 10°
_______________________________________________________________________________________________________ _ 102
Proton Therapy
______ Synchrotron-FEL Undulator (SoftXrays) . Li1o
Attosecond Physics




control & 4D imaging of
valence & core electrons with sub-atomic resolution

attosecono
Xuv / SXr

Exctatm/\‘

4D imaging of elecironic
rmotiion in atorn
molecules and solids
oy means of aitosecond
eleciron or A-ray
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Moving from the Atomic Structure
to the Quark Structure of Matter




Exawatt laser scheme




Conclusion
(Laser)

Today it is realistic to design a single beam laser delivering
10 to 20 PW in 10/20fs at one shot per minute

ILE Scientific Case meeting, ENSTA Paris , December 9-10 , 2005




Impact to society
and New technologies
for Industry

ELI will be the most sophisticated Optoelectronic Instrument

ever built: High Energy(kJ), High Repetition Rate (Hz),
Short Pulse(5-10fs), Phase front stabilized, and CPE stabilized.

Relativistic Engineering, with two new engineering disciplines:
a) Micro-electronic (lepton, hadron) Relativistic

b) Micro-photonics Relativistic



Impact to society
and new technologies
for Industry

Science des matériaux; PALS, PIXE, Muon
spectroscopy

Environment: Nuclear waste treatment

Medicine: Hadron therapy (proton hadron,
muon)

Nuclear pharmacology



Impact to society
Education:

““EL1 will offer an exceptional Education and

Training Offering”

This laser-based facility dealing with :

1) the most sophisticated optoel ectronic Grand Instrument
(short pulse, ultrarelativistic intensity, high average power
average power, wavefront correction).

2) the exploration of a new physics regime and new
engineering fields.

This program will conspire to provide an exceptional education
and training offering



Strategic Importance
to ERA

Europe is aleader in Attosecond physics, EUV, X-ray
generation, particle acceleration, the whole gamut. EL|
will maintain its excellence and creativity in thisfield.

ELI Isnecessary to maintain the European scientific
and technological Agenda at the highest level.




Contribution from European
Countries

ELI will aspire to attract the European talents to build this
Ultrahigh Relativistics Scientific ad Engineering facility.

Participating countries in the ELI’'s construction:
Germany Front End
Greece Diagnostics
France Back End
Lituania OPCPA



Time line

Design

10/20 PW @ 1shot/mn single beam

400/700 PW @ 1Hz 10 beams
.,

ELI Scientific Case meeting, ENSTA Paris December 9-10 , 2005
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