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Outline 

Vision of ELI 

Major laser technologies and bottlenecks 

Implementation of ELI at the three sites 

”Forerunner” lasers to ELI 



The most powerful !
installations (100-200TW)!

(Commercially available)!

1PW highest !
power laser today!

(Astra Gemini, Vulcan)!

200PW!
ELI!

The highest peak!
 power project!

10PW under constr. 
Apollon (ILE) 
Vulcan (RAL) 

 I < 1021 W/cm!!!

1022 W/cm!!!

1023   

1024W /cm!!!

1025W /cm!!!

To scale ELI 



1970 1975 1980 1985 1990 1995 2000 2005 

10 ps 

1 ps 

100 fs 

10 fs 

1 fs 

100 as attosecond 
light pulses Bohr modell 

Torbit ~ 150 as 

rotation 

vibration 

electron 

 !!Wvibr~meV    !!t~fs 

!Wvalence ~ eV    !t ~sub-fs 
!Wcore ~ keV     !t ~as 

Duration of  
elementary processes 



Mission of ELI 

Main mission   
An infrastructure that aspires to conduct  fundamental 
and applied research at the highest intensity and the 
shortest duration level, through ultra intense laser 
beams and the particle and radiation beams that they 
will generate. 

Applications 
Use ELI technology to reduce the size of laser or 
photon sources and apply them to the environment, 
medical, material science, electronics… 



Educational 

NLQED 
Fundamental 
 physics 
Exotic physics 

High field  
Science 

Application 
Ultrafast phenomena 
Wave function 
 in atoms and molecules 

Attosecond 
 to zeptosecond 
Physics 

Attosecond 
science 

100/200PW 
Laser 

Beam lines 
Electrons beam 
Gamma imaging 
Protons beam 
Muons beam 
Beam lines 

Coherent (X,g)-rays 
(FEL, HHG & plasma) 
Incoherent (X,g)-rayBeams 
(synchrotron-like, atomic) 

Ultrafast X-ray 
 radiation beams 

Laser plasma  
accelerator 

Photo Nuclear 
Physics 

Nuclear Physics 
Transmutation 

Scientific ”pillars” of ELI  



-! Bulgaria 
-! Czech Republic 
-! France 
-! Germany 
-! Greece 
-! Hungary 
-! Italy 
-! Lithuania 
-! Poland 
-! Portugal 
-! Romania 
-! Spain 
-! United Kingdom 

Coordinator: Gerard Mourou 
D.coordinator: Georg Korn  
Project manager: Jean-Paul Chambaret 
D.project manager: Karoly Osvay 

Preparatory phase: 2007-2010 



(Single-site) ELI in the ESFRI Roadmap 

Construction costs 400M! 
Operation costs 50M!/year 



Site selection: decision on 
1.10.2009 

Overall cost: ""800M! 



Attosecond XUV/X-ray physics 
Applications in material sciences 
and biology 

High-brightness sources 
of X-rays & particles 
Particle acceleration, dense 
plasma physics, exotic physics  

Laser-induced nuclear physics 
Photonuclear science and 
applications 

Exawatt-class laser technology 
High-intensity laser technologies for 
frontier physical research 

Szeged 
HU 

Prague 
CZ 

Magurele 
RO 

Research Facilities of ELI  



!"#$!%&'&(#&)*'&(&+,-&
.//*012&345&(&
!"#$%&'()*+*,-$
.!##/$0120$

.//*012&345&!&
!"#$%&'()*+*,-$
.!##/$0120$

.//*012&345&6&
!"#$%&'()*+*,-$
.!##/$0120$

7/812&345&&9!":&
3!4!5$678$9&:2+;)&$

.!##/$0120$

(#&7;&<=/>+&9!":&
3!4!5$*<$=;>#:00($
"+:?(+:20$0120$

7/812&345&&9!":&
3!4!5$@78$9&:2+;)&$

.!##/$0120$

?&@&)*&

(%&'&(A&)*&'&(##&,-&

(%&'&(A)*&'&(##&,-&

BCD&'&BE23F&
G1H123I/H&

(#&%&'&(#,-&

A#&%&'&(#,-&

6##&%&

(#&)*&
&6##&4%&

AB$*?';++:%*<$$
C$D<*)%$&)E$
.!##/$C$3!4!5$

.//*012&J(&&
!"&7/812&345&J!&

=;>#:00($FG@8$

!"&7/812&
345&J6&

=;>#:00($F@$8$
7K/0/HL>=132&
M1*132>K&
N&3L"O=O32F&
)3>O=OI1*&

!"&(#&7;&

!"&(&7;&'&#$(&,-&

!"&(##&P;&'&(#&,-&

3?';++:%*<$
C$D<*)%$&)E$
6$HIJ$

!"(#&7;&

!"&QOH3=&
345*&JRSJA&
=;>#:00($F778$

,OGKEOH01H*O0F&
01*0&N&L*12&)3>O=O0F&

732I>=1&
3>>1=123I/H&

7=3*43&5KF*O>*&
;TU&

U3012O3=&3HV&
41VO>3=&
355=O>3I/H*&



(Legal) Implementation of ELI   



(SciTech) Implementation of ELI… 

•! Apollon, ILE, Palaiseau, France 
10PW: 150 J, 15 fs, 1 shot/min 

Under construction; 
due by 2012-13 

… strongly relies on the current national ”big forerunners”: 



# 180 mm  

# 520 mm 

# 200 mm 

# 520 mm 

DM1 DM2 

SF G1 

G2 

G2b G3 

G4 

G3b 

Vacuum compression / spatial beam control 

150J / 15 fs @1shot/mn 
10 PW 

Ampli 0 
2J /1Hz 

Nd YAG 
6J/1Hz 

Ampli 1 
« LASERIX » 
50J /0.1Hz 

Nd Glass 
100J/0.1Hz 

Ampli 2 
600J -1shot/mn 

Nd Glass 
1.5KJ – 1tr/mn 

Amplifiers 

synchronized 

OPCPA 
LBO/BBO 

KHz Ti:Sa 
30 fs @ 800 nm 

500 !J 

Spectral broadening 
< 10 fs @ 800 nm 
 100 "J, kHz 

Yb:KGW  
Diode pumped   
300 fs, 200 "J  
@ 1030 nm 

Amplis Yb:KGW 
Yb:YAG  
Diode pumped   
2 J @ 1030 nm 
1Hz 

10 fs @ 800 nm 
 100 mJ, 1Hz Front End  

Compression 
and SHG 
 1 à 100 ps 
1 J @ 515 nm 
1 Hz 

APOLLON, as a(n) (inter)national collaboration 

APOLLON, 
a single beamline 10 PW laser 



APOLLON – Location 



(SciTech) Implementation of ELI… 

•! Apollon, ILE, Palaiseau, France 
10PW: 150 J, 15 fs, 1 shot/min 

•! Petawatt Field Syntheser, MPQ, Garching, Germany 
1PW: 5J, 5fs, 10Hz  Under construction; 

due by 2010-11 

Under construction; 
due by 2012-13 

… strongly relies on the current national ”big forerunners”: 



PFS - Basic concept and layout 



(SciTech) Implementation of ELI… 

•! Apollon, ILE, Palaiseau, France 
10PW: 150 J, 15 fs, 1 shot/min 

•! Petawatt Field Syntheser, MPQ, Garching, Germany 
1PW: 5J, 5fs, 10Hz  

•! VULCAN 10PW project, CLF, Chilton, UK 
10PW: 300J, 30fs, 1 shot/15min 

Under construction; 
due by 2010-11 

First phase completed; 
due by 2014-15 

… strongly relies on the current national ”big forerunners”: 

Under construction; 
due by 2012-13 



VULCAN - Overall 10PW Schematic 

•! Will be based on a combination of LBO and KD*P 
•! 3 stages of amplification (some old Nova !) 
•! Optical Efficiency 10-15% 

mJ Level Source J Level OPCPA Amplifier kJ Level OPCPA Amplifier 



VULCAN 10PW – Designs 



(SciTech) Implementation of ELI… 

•! Gemini, CLF, Chilton, UK 
2#0.5PW: 2#(15J, 30fs), 0.05Hz 

•! MBI, Berlin, Germany 
50TW+200TW: (3J+6J, 30fs) 10Hz 

•! DASY, Hamburg, Germany 
mJ, 7fs, 100kHz 

•! ICFO, Barcelona, Spain 
10µµJ, 2cycle, 100kHz, mid-IR 

•! POLARIS, FSU/HI, Jena, Germany 

•! … 

… strongly relies on the three national ”big forerunners”, 
 and quite a few ”smaller” ones: 



ELI Beamlines Facility – Prague, CZ 



•! Plasma-based XUV and X-ray sources (not attosecond) 
 Seeded high-energy XUV lasers, HHGs, plasma betatron, laser-plasma based FEL  

•! Electron, proton and ion acceleration 
 Generation of 10-50 GeV electrons, >1 GeV protons 

•! Programmatic applications in molecular, biomedical, and material sciences 
 Time-resolved X-ray diffraction, fast pulse radiolysis, probing early events
 in interaction of ionizing radiation with matter, probing of diluted systems, 
 femtochemistry, proton therapy 

•! Physics of dense plasma, high-energy-density-in-matter (HEDM) physics 
 Laboratory astrophysics, WDM, energy transport in high I$2 systems 

•! Exotic physics 
 Experiments with focused intensities 1023-1024 Wcm-2 

•! Prototyping technologies for the high-intensity pillar 
   10 PW and multi-10-PW chains, compression & coherent superposition of  

 multi-10-PW ultrashort pulse 

ELI Beamline Mission 
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ELI Beamlines Laser 
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Laser Architecture – 2x APOLLON  



High brilliance %%-source  

X-band linac technology (based on LLNL machine) 
Rep.rate: 12kHz 
%%: up to 19MeV 
Peak brilliance: 1021 photons/sec/mm2/mrad2/0.1%BW   





ELI-ALPS Facility, Szeged, HU 

Budapest 
165 km (motorway) 



1)! To generate X-UV and X-ray fs and atto pulses, … 
    ATTOSECOND section 

2)! To contribute to the technological development towards 200PW… 
   High-intensity section 



Fs UV (VIS) excimer + PW beamline 

Few-cycle NIR + PW beamline 

As X-UV + Few cycle NIR 

As XUV + PW beamline (?) 

As XUV + THz 



•! time-resolved studies of electronic transitions in atoms and molecules 
(also X-ray-pump/X-ray-probe possible) 

•! time-resolved pump-probe studies in condensed matter, 
ultrafast nanoplasmonics etc. 

•! time-resolved structural studies with X-ray (with 1 keV source) 

•! X-ray imaging of macromolecules and cells with <10 fs X-ray pulses 
(before Coulomb explosion takes place) 

•! steering chemical reactions with tailored XUV pulses (5-15 eV) 

•! THz-assisted atto pulse generation and time-resolved THz imaging 

•! etc.  



Technology tests for ELI / 200 PW project: 

•! synchronization between IR beams of atto driver and high-int. beamlines 

•! measurement methods and optical testing techniques 

Science and applications: 

•! plasma physics and diagnostics (synchronized IR/X-ray target area) 

•! particle acceleration (electron and proton beams) 

•! hadron therapy of cancer 

•! tabletop FEL tests 

•! exotic/high-intensity physics etc. 



Beam distribution and target areas  



Current design 

New alternative 









Artist’s impression of the 
building 



ELI-HU site and science park 

Future 
science city 

Future 
science city 

Existing 
shopping centre… 

Existing 
student hostels 

… planned extension 

Budapest 
165 km (on motorway) 



SZEGED: regional scientific, 
educational and cultural center 

163 000 inhabitants 
30 000 students 
2300 researchers in USZ, Biological Research Center, 
                                            Institute for Cereal Research 



4 departments + research group of the Academy 
>30 PhD students 

1 M!/Y R&D budget 
   (grants, contracts) 

Industrial partners 
   (MOL, Videoton, GE, Continental, Knorr-Bremse, Semilab) 
Spin-off companies 
   (CE Optics, HiLASE, 
     Laserskills) 

Departments of Physics 
University of Szeged 



High Intensity Laser Laboratory (HILL) 
S. Szatmari 

http://exp.physx.u-szeged.hu/hill/ 

Sub-ps, terawatt excimer laser 
80 mJ, 600 fs (100 fs), @ 248 nm 

VUV, XUV generation 
100 µJ, < 500 fs, @ 83 nm 

Dept. Experimental Physics 



High Intensity Laser Laboratory (HILL) 
S. Szatmari 

http://exp.physx.u-szeged.hu/hill/ 

An operational, user-facility based on a hybrid dye-excimer laser system which uses an 
excimer-laser-pumped dye laser, whose frequency-converted pulses are amplified in a 
discharge-pumped KrF excimer system. 

•! Uniqueness of the system is 

–!  the availability of synchronized femtosecond pulses at exotic wavelengths, 
–!  excellent focusability (brightness) of the pulses and 
–!  the availability of high-brightness VUV pulses at 83 nm. 

•! Pulse parameters: 

Rep. rate 2 Hz 

Wavelengt
h 

496 
nm 248 nm 83 nm 

Pulse 
duration 300 fs 600 fs 150 fs - 

Energy 100 µµJ 80 mJ 40 mJ > 10 
µµJ 

Contrast - > 109 - - 

Peak 
power - > 0.1 TW - 

Brightness - > 1019 W/cm2 
sterad - 

Available 
intensity - > 1018 W/cm2  

Main applications: 

•!plasma physics experiments, 
•!micro material’s processing, 
•!solid-state physics. 

Dept. Experimental Physics 



Temporal contrast 
 w/o contrast enhancing elements  

2 TW 10 Hz laser system  
Hybrid: OPCPA + Ti:S 
Home designed and made 

TEWATI Laser and Laboratory 

Available pulses 

Dept. Optics and Quantum Electronics 

Group leader: Karoly OSVAY 
www.tewati.hu 



Research directions and recent results 

Development and applications of all-linear measurement 
technique for material and angular dispersion 

Pressure dependent dispersion of air and inert gases 
Nonlinear refractive indices of inert gases 
Ultrafast dispersion of bacteriorhodopsin 

Development of techniques for control of higher-order 
dispersion of femtosecond pulses 

Thermal slab 
Non-linear crystal based cubic compressor 
Wedge assemblies for CEP and dispersion control 

Atto-physics 
Generation and measurement of attosecond pulse trains 
Linear measurement of carrier envelope offset phase 

Surface processing with pulsed lasers 

Osvay et al., APB 87, 457 (2007) 
Börzsönyi et al., OC 281, 3051 (2008) 
Heiner, et al., AO 48, 4610 (2009) 
Börzsönyi et al., Opt.Exp. In press 
Fabian et al., submitted 

Osvay et al., APB 89, 565 (2007) 
Görbe et al., OL 33, 2704 (2008) 
Grebing et al., APB 97, 575 (2009)  

Generation of submicron period gratings on bulk surfaces 
Investigation of plasmonic behaviours 

Osvay et al., OL 32, 3095 (2007) 
Ruchon et al., NJP 10,  25027 (2008) 
Görbe et al., APB 95, 273 (2009) 

Csete et al., ASS 253, 7662 (2007) 
Vass et al., APA 87, 611 (2007) 
Vass et al., APA 93, 69 (2008) 
Sipos et al., ASS 255, 5135 (2009) 

Dept. Optics and Quantum Electronics 
TEWATI Laser and Laboratory 

Group leader: Karoly OSVAY 
www.tewati.hu 



Major laser technologies 

Ps OPCPA frontend   
Ps OPCPA power 
Ns OPCPA power 
Ns Ti:S power 
DPSSL pump kHz 
DPSSL pump 10Hz 
Flashlamp pump 10Hz 
Flashlamp pump shot/min 
CEP stabilization 
Coherent beam comb. 
XPW cleaing 
Plasma mirror cleaning 

Beamline  Attosource  NuclearPhys. 
      Cz        Hu                    Ro 



•! Pump lasers: 

•! Large size crystals: 

•! Compressor gratings: 

•! Coatings: 

flashlamp based: 200J, 1shot/min 
DPSSL: 10kW: 10J, 1kHz … (""kJ, 10Hz) - Cz 

Ti:S: && '' 20 cm 
LBO: && '' 6 cm 

((>95% over a bandwidth >200nm 
and  LDT""0.5J/cm2 @ 15 fs 

Major industrial bottlenecks… 

Low dispersion, bandwidth >300nm, 
and  LDT""1J/cm2 @ 15 fs, large size 



… and further challenges 




