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Extreme
Light
Infrastructure

A distributed laser facility for:
Attoscience, Laser Particle Acceleration and
Gamma Sources



ELI will be the world's first multi-national laser project
dedicated to push laser technology to the limits of ultra-high
power and intensity, thus providing new research opportunities
In different fields.

. Nonlinsar QED: E-eh, = 2myc?
10 1 PeV
, Utra-Relativstic Optics ¢
10 M Tev
Eo -m‘_,r“ /

o eite Opics

1 MaV

Focused Intensity (W/cm™)

1eV

1960 1970 1980 1990 2000 2010




The Pulse Duration-Intensity Conjecture
G.A. Mourou and T. Tajima, “More intense Shorter Pulse’,
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Research Area

Synergies in the European
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LASERLAB-Europe

Laserlab

Integrated Infrastructure Initiative (I3) Europe

» A Network of major
European Laser
Infrastructures (from 19
countries)
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Two large Laser Infrastructures were
selected to be on the Roadmap of
ESFRI (European Strategic Forum on
Research Infrastructures)

= HIPER (European High Power laser Energy
Research facility): for civilian laser fusion
research (“fast ignition scheme”)

N

- = ELI: reaching highest laser intensities and
. related applications
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With Pan-European Reserach Infrastructures like ELI
and HIPER Europe Is setting a unigue milestone In

structuring research, after the formation of Research
Infrastructure Networks (13).
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ELI: Scientific Case

“Grand Challenges”

Attosecond Laser SCience: temporal InveStlgatlon Scientific Advisory Committee of
of electron dynamics in atoms, molecules, plasmas R
and solids at attosecond scale 5 TR

High Energy Beam Science: development and
usage of dedicated beam lines with ultra short
pulses of high energy radiation and particles
reaching almost the speed of light

Laser-Induced Photonuclear Physics: nuclear
physics methods to study laser-target interactions,
new nuclear spectroscopy, new photonuclear
physics, etc.

Ultra High Field Science: investigation of laser- e
matter interaction in an energy range where
relativistic laws could stop to be valid




ELI: Preparatory Phase (2007) LIS

Community building
« 40 research and academic institutions from . Hosting

i countries
13 EU countries

Countries
involved in the
ELI-PP

Scientific case
» Reflecting the diversity of the research
opportunities foreseen within ELI

b

Political/financial support (structural funds)
» Decision on ELI implementation as a
distributed research infrastructure in three
new member states: ~N
Czech Republic (Prague)

Hungary (Szeged) ~ 800 M€ Investment !!
Romania (Magurele)




ELI: Implementation Phase e

Three Pillars

ELI High Energy Beam-Line Facility (ELI-
Beamlines) (Czech Republic): highly
competitive source of extremely short pulse X-
rays, accelerated electrons, or protons for
applications (also biomedical).

ELI Attosecond Light Pulse Source (ELI-
ALPS) (Szeged, Hungary): ultrafast light
sources (coherent XUV and X-ray radiation)
including single attosecond pulses, to
investigate electron dynamics in atoms,
molecules, plasmas and solids.

ELI Nuclear Physics Facility (ELI-NP)
(Magurele, Romania): laser and gamma
beams (low bandwidth, energies in the 15 MeV
range) with unique characteristics to perform
frontier laser, nuclear and fundamental
research.



ELI: the Three Sites

» Eli Beam-line facility in « Eli Attosecond facility in
Prague (Czech Republic) Szeged (Hungary)

Eli Nuclear Physics
facility in Magurele
(Romania)




ELI: Governance Evolution e

e ELI- Preparatory Phase (ELI-PP)
e ELI- Delivery Consortium (ELI-DC)
e ELI- European Research Infrastructure Consortium (ELI-ERIC)




ELI - Beamlines el

Laser system Experimental areas
Booster amp 1 2x 200 mJ /1 kHz/108s Ap'plifatiqns '
il PFS technology > (i (B:no Kula;. bfomednc.i
DPSSL pump material sciences)
Power amp (3x) 10J/10Hz >
_ prep] OPCPA 10) DEAMIING XUV / X-ray
s o e — generation
+ preamps
1 kHz °
Booster amp 2 Power amp (2x) 501 /10Hz ; : 7
10 mi/ 1kHz/ < 6fs PFS technology : »| OPCPA 50) beamiine  m— Y S pny
DPSSL pump : DPSSL pump § Lab. astrophysics
1-23 /100 Hz /15 fs : | :;
e BACKUP Power amps | 50J/0.1Hz ] High-intensi
2oy Ti:520ph >50) beamiine © = = T D] 3 |p] D BN CENSIY
Flashlamp pump 1 — & exotic physics
- e e e e o e E
&
:'cec::’a‘tion
Boosteramp 3 ——— 3((;(:,:{ g‘g‘l‘z:’x
] PFSLEChNOIOBY |— : — |
Flashlamp pump L roton
1-2) /100 Hz/ 15 fs acceleration




ELI - Beamlines layout




ELI - ALPS: Attosecond science

Laser chain structure

Oscillator OPA chain/ K ¢
chain / stages >1mJ, 100 kHz, < 6fs
Z (HR) Gas HHG:
' ) Atto & XUV
| Attosecond Beamlines .
Applications
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: | Atto & X-Ray
! >
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_ Atto/PW Facility
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ELI - NP: Gamma ray source
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ELI — Science: example

Ultra-intense attosecond pulses

Concept:
exposure of a solid surface to
/,/_\\ rflered ultra-intense few-cycle light
/ p0-70 eV, Al filter — anharmonic plasma
; oscillations efficiently create
’ harmonics in the reflected

\ Tyyy=84|as
Txuv 4 pUlSG

I.=10%' W/cm?

@ aim: generation of attosecond
XUV/X-ray pulses with

unprecedented energy




ELI - Science: example e

Plasma accelerators

lons: Electrons:
lon beams for cancer treatment Ultradense, ultrashort multi-GeV
with ELI: 250 MeV protons electron bunches with ELI

nature

P

Vision: Dream beam
e compact i \\/{ -
accelerators for
H x owesee s R
particle physics
and midical
imaging




ELI - Science: example

X-ray sources: X-ray Free-Election Laser (X-FEL)

electrons are
beam deflected away

from target "

capillary acceleration

up to 1 GeV
ul'ir'a-br‘i-l'l'iai-nt B

tl'anS_PO"t FEL undulator
ELI frontend — =
100-1000 Hz >M-
VT X-ray pulse

< >
~10 m > ~4cm 5m on ta_rget for
imaging

102 photons

@25A
in<10fs

Schlenvoigt et al., Nature Physics 4, 130 (2008)



ELI: Which are the Needs? e

a ELI is at forefront of present laser
technology, material and optics
performance

» Coordinated efforts from European Laboratories
and Industries are required

2 Qualified personnel

» Setting-up training programs



ELI: Technical Development/Design m‘ S

* Series of experiments performed on “a
reduced scale” helping to identify critical
elements for ELI project

* Design and construction of specific
Instrumentations and beam-lines for ELI
Infrastructures

* Radioprotection design studies



ELI: Education Initiatives et

Q Training Engineers and Researchers in

> ultrashort pulse lasers
secondary sources (handling and detection)
attosecond science

XUV optics and vacuum technology

v V V VY

Radioprotection

0 Stimulate university education programs on ELI
related subjects in optics and atomic/molecular physics



Conclusions (Im)‘e 1

a The Laser Scientific Community is strongly
involved In research activities related to ELI
Infrastructures

O Contributions to ELI can come in different
ways: design, technical development, training,
etc...

O Alarge “User Community” is present, which
can perform at ELI





