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>Physical Seiences and Engineering

ELI - Extreme Light Infrastructure

The faaility:
ELI will be an international research infrastructure open to
scientists dedicated to the investigation and applications
of laser matter interaction at the highest intensity level,
i.e. more than 6 orders of magnitude higher than today’s
state of the art. ELI will comprise three branches: ultra high
field science that will explore laser matter interaction up to

Background:
Laser Intensities have increased by 6 orders of magnitude in the last
few years. These are now so large that the laws of optics change in 3.
fundamental way. This new optics field is called relativistic optics.
Amaong the important by-products of this field are the generation of
partide, x1ay  beams. The wealth 3

the nonlinear QED limit including the of pair
creation and vacuum structure; attosecond laser science

scale of electron dynamics in atoms, molecules, plasmas and
solids; lastly, the high energy beam facility devoted to the

regime. I
short pulses of high energy photons, electrons, protons, neutrons,
‘muons, and neutrinos in the attosecond and possibly zeptosecond
regimes on demand. Time-domain studies will aflow unravelling the

lines of ultra f

Construction costs

What's new? Impact foreseen?

ELl will be the first facilty in the world dedicated to laser-matter
interaction in the ultra-relativistic regime, providing unprecedented
if il Atthe
‘same time, it will also promote new technologies such as relativistic
‘miccoelectronics with the development of compact laser-accelerators
delivering >1006eV particles and photon sources. ELI will have a targe

‘methods, in material sciences with the possiblity to unravel and slow
down the ageing process In a nuclear reactor and in environment by

el The

] it idear
‘provide laser pulses with a peak power above 200PW, a power level
d, but

‘only for a millionth of a bilionth of a second.
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light infrastructure

Coordinator: Gerard Mourou

Preparatory Phase: 2007-2010

D.coordinator: Georg Korn (MPQ)

Pat
D. project manager: @Iy Osvay "/ am - Croh RepUblic
: BE-France
EU support: 6M€ = many
Germany: g == _ Greece
Coordinator: Ferenc Krausz , -y AN E::::I';gary
Participants: MPQ, LMU, MBI ¢, A Ry E - Lithuania
. - Poland
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(e ali Site decision

extreme light infrastructure

Czech Republic, Prague
Particles ant=X=

Overall cost: *900M€

Hungary, Szeged
Attosecond Romania, Bucharest — Magure
Photonuclear



@ SZECHENYIPLAN

Major missions of ELI-ALPS

1) To generate X-UV and X-ray fs and atto pulses, for temporal
Investigation at the attosecond scale of electron dynamics in
atoms, molecules, plasmas and solids.

ATTOSECOND Beamline & User Facility

2) To contribute to the technological development towards 200PW
HIGH INTENSITY beamline
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ELI-ALPS Light sources @SZECHENYIPLAN

The shortest pulse durations at the widest spectral range ...
... at the highest repetition rate.

10°"* em 109 cm 10 cm 10%cm 12 em 1em 1 km
i 1
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Schematics of ELI-ALPS @SZECHENY'PLAN

Secondary Experimental
sources chambers

[ THz | [ Exp.1* |
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[xray |D[Exp6 |53
[ ion | [Exp7 |=5
o
=
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(eez] # 222 ] 23
Primary sources —>| Secondary sources [ | Experiments/
(laser beams) | (atto X-ray, particles etc.) user stations
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Stategy of Implementation @SZECHENYIPLAN

Specs and basic designs

nts during Phase 1

Make R&D contracts to place of expertise
(RIs and universities)

Make industrial contracts

SoNe HR problems

es and postdocs to partici N key developments & products.)
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NEW SZECHENYIPLAN

Collaboration with industry Y

Major areas
Lasers, optics, mechatronics, x-ray, THz sources, particles,
diagnostics, vaccuum tech, sci IT, control-command, safety)

Clusters
* In Hungary: platform for laser tecnology
platform for ELI-related training
* In Europe: direct & indirect contacts

IP issues
* No direct IP aquisition.
» Support targeted R&D - create IP.
« Legal issues: balance between the needs of ELI-ALPS, interest
of the industry, and the EU / national laws on public money.
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SZECHENYIPLAN

Design of ELI-ALPS |

ELI-PP Mission
Basic scientific directions

ELI-ALPS July 2010 — Dec 2010
Feasibility study for the Scientific Case of ELI-ALPS

March 2011 — June 2011
Planned research Activities of ELI-ALPS

}

Feasibility study of ELI-ALPS — part of project application to the EU.
Completed: June, 2012
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Design of ELI-ALPS I @SZECHENYIPLAN

Conceptual Design Report Part | (sources, sci. IT) is completed

by the international community SS‘ %approved
niverst
. awutes and Part Il (labs, workshops)
“'\S‘.\tu :
Reserach is due Nov 2013

Technical design (TDR)
by the contractors vrial pa artin

Mainty 1 ndustt
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ners Partl Is due by Q3 2014
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Conceptual Design Report SZECHENYIPLAN

Status: primary and secondary sources completed
measurements completed

CO-AUTHORS:

G. Almasi, G. Andriukaitis, C.L. Arnold, A. Baltuska,
S. Banerjee, M. Baudisch, J. Biegert, A. Borot, A. Borzsonyi,
F. Brizuela, F. Calegari, T. E. Cowan, T. Ditmire, K. Ertel, R. Fonseca,
L.J. Fiilop, M. Galimberti, E. Gaul, C. Haefner, J. Hebling, J. Hein, M. Hemmer,

C. Hernandez-Gomez, Ch. M. Heyl, O. Jackel, R. Jung, D. Jaroszynski, P. Johnsson,
D. Kandula, M. C. Kaluza, M. Kitzler, A.P. Kovacs, |. Kocsis, A. Kovér, L. Kovér,
A. L'Huillier, N. Lopes, V. Malka, Zs. Major, P. Mason, 1. Marton, T. Metzger, T. Mosoni,
J. Mucsi, I. Musgrave, M. Nisoli, T. Nubbemeyer, Z. Ollmann, L. Palfalvi, G.G. Paulus,
M. Prandolini, A. Pugzlys, F. Quere, G.Sansone, P. Racz, S. Ricz, R. Riedel, I.N. Ross,
J.-P. Rosseau, A. Rouzée, P. Rudawski, H. Schonnagel, J. Schreiber, M. Schulz,
L.O. Silva, Ch. Spindloe, F. Tavella, A. Thai, M. Tolley, J. Timmler,

P. Tzallas, M. Vrakking, L. Veisz, J. Vieira, I. Will

Under completion: preparation, diagnostics labs, workshop, facility issues
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Schematics of ELI-ALPS @SZECHENY'PLAN

Secondary Experimental
sources chambers

[ THz | [ Exp.1* |

[MIRINIR] & [ Exp2 | £ £
[GHHG1 | V [ Exp3 | 3 E
[GHHG2 | | Exp.4 |
[SsHHG | [Exp5" | ¢ =
[xray |D[Exp6 |53
[ ion | [Exp7 |=5
=
-
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Primary sources Secondary sources ~| Experiments/
(laser beams) (atto X-ray, particles etc.) user stations
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Schematics of the major lasers /) SZECHENYIPLAN

Oscillator
OPA chain / stages 5mJ, 100 kHz, < 5fs
+frontend [ CW DPSSL pump L L »| THZ & appl.
100 kHz (HR) Gas HHG:
! ) Atto & XUV
| Attosecond Beamlines Applications
Sylos
Oscillator (Sylos) OPA chain / stages 100mJ. 1 kH 5f >
+ front end CW and pulsed DPSSL pump m., Z, 1S s
1 kHz Solid HHG:
J Atto & X-Ray

High Intensity Beamline talp 1l 7 el Synchronized

Atto/PW Facility
Oscillator [ (HF) [ opa chain / stages I-VI Tis or opcpA | 3 Hz, 40, <15fs
+frontend [P Flashlamps or > o
1 kHz Pulsed DPSSL pump DPSSL or 10 Hz, 10J, <8fs | PW applications
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Conceptual design of the
HR laser

SZECHENYIPLAN

By DESY, Hamburg, & Uni Jena
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Conceptual design of the @) szechenvipLan

l |

SYLOS laser

\

A

Bulk + chirped mirror

Front end:

1kHz, 2mJ,

25fs, CEP,
C>108

compressor:

Bi-colour NOPCPA 1KHz By U Fl ’ Gal‘Ch | n g

stages 70-100m)J, < 5fs

C>101
777

pump laser: 1J, 532nm, 1kHz, < 100ps

+ Dazzler

XPW filter
Grism stretcher

All commercial pumps

All-optical synchronization,

2x50mJ
pumps

4x50m) ]

Front end:
1kHz, 2mJ,

By LOA, Palaiseau 25fs, CEP,

C>108

Third Compressor:

stage: 1kHz

stage: >60mJ, 25fs
3 passes C>10u1

First Second
stage: stage:
4 passes 4 passes

XPW filter
Stretcher +

12
S 2x100m)

pump

1x100mJ
pump

pump development
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Benchmarking
the Sylos (kHz) laser

Pulse Energy (mJ)

100

A MPQ PFS-Pro

CEA PLFA

LOA Salle Rouge
10Q Jena, FCL1

@ CLPU 1kHz
1A Aurore

CUOS Lambda3

RAL Artemis
KML Red draghq @

LLC 1kHz @
PIVUT @

CLPU 1kHz CEP @ LOA Salle No!

@ LOA Salle Noire*

5 10 15 20 25 30 35 40
Pulse duration (fs)

el

attosecond

SZECHENYIPLAN

Challenges for phase |
- pump source
- CEP stabilisation
- Optics
- Dispersion management
- Thermal issues

Challenges for phase Il
- pump source
- CEP stabilization

- Optics
- Dispersion management
- OPA stability

(command / control)

National Development Agency
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Conceptual design of the HF laser § SZECHENYIPLAN

-

OPCPA Ti:Sa / OPCPA Compressor
10-100Hz >5Hz <15fs,

100 mJ >40) EEi0E By LLNL, LOA, MBI, RAL

Front end
kHz 1-10 mJ
5 fs, C»1012

%)
=

on
4

Diffraction graing
based stretcher

stretcher
M-Slab 100!

Compressor (RAL/ LLNL)

OPCPA 100Hz <10 fs
C=~10%2

e
ey

Thin Disk 1J

- 154
-—_ Deformable mirror
48J

By Uni Texas

50J
25fs

L .
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Benchmarking SZECHENYIPLAN
the HF (PW) laser — Ti:S duty amp

SIOM 10PW
RAL Vulcan 10PW A
10 — A ELi.np A CILEX Apolion
E LMJ PETAL A
i Challenges for phase |
e i 59"’*”’5 HF - Optics
i - Dispersion management
UTexas Texas PW APRI-GIS

ZDR PW@§ CLPU ALLNL E23

° ! Beijing PW
ILE PW RAL Vulcan 1P
JAERI CETALLBNL Bella

Peak Power (PW)
H

AMPQ PFS
RAB A REARIL 10Q Jena, BZLARIS A @ RAL Gemini
i GsIPHELIX @ 7 CUOS Herkiles @ Challenges for phase Il
10Q Jena, JETI-100 A
. CILEX LUIRE @ CLPU 10Hz @ - 100 Hz pump laser
2000 . HZDR - Draco _ H 1
MHLEE0 e O Dispersion management
0.1 — @ LULI ELFIE SIoOM @
- MPQ Atlas @ FRNEAR>
B LOA Salle Jaune
HH‘ I \HHH‘ I \HHH‘ I \HHH‘ I \HHH‘ I \HHH‘ I \HHH‘ |
1E-005 0.0001 0.001 0.01 0.1 1 10

Repetition Rate (Hz)
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MIR laser

/_ N
NEW SZECHENYIPLAN

NEV
Y

Lf

attosecond

\ [ e \ \ [ )
MIR Conditioning OPCPA
o [ amp?j 1030 nm
— T DFG @ Stretcher OPA1 - OPA4 Compressor
% fs _ |
1550 nm f
l®l ] \ A J \ )
\Seeder )
. <60 fs @ 3.1 um,
1064 nm >O ; 1 m J
6 ps
Pump MOPA 160 kHz 100 kHz
\ J
By ICFO, Barcelona
National Development Agency
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Implementation of the lasers | @SZECHENY'PLAN

Via R&D projects

er,
osals is 7th Novemb
ALPS HR laser - dline of R&D ProP®=“A| ps MIR laser

2013.

SubToBREIPLATW, <20fs, VIS-NIR, CEP 100kHz, 0,1mJ, <6 cycle, MIF
Q1 2016 Delivery Q2 2015
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Implementation of the lasers I @SZECHENY'PLAN

Public procurement — Q3 2013 \.
i ° Assurance e | approve
ALPS Sylos 1 laser %\ subm\“ed to C)&'I_almg’HF PW laser
<
The dWh@tﬁs e NIR, CEP <5Hz, >2PW, <20fs, NIR
Q3 2015 Delivery Q1 2016
er2013
Laser R&D projects for ellrr‘l?a“grbgbtakm%ﬂfb‘fgq%ottlenecks
ReqUGSt for prOpO
Public procurement — Q4 2014
ALPS Sylos 2 laser ALPS HF 100 laser
1kHz, >20TW, 5fs, VIS-NIR, CEP 100Hz, >40TW, <12fs, NIR
Q4 2016 Delivery Q3 2016
: HUNGARY'S RENEWAL
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SZECHENYIPLAN

Schematics of ELI-ALPS

Experiments/
user stations
4

Secondary sources [

Primary sources |
(atto X-ray, particles etc.) '

(laser beams)

Prof Charalambidis’ talk

o National Development Agency I : " g
www.ujszechenyiterv.gov.hu {UNGARY'S RENEWA
| }))))) ] 06 40 638 638 L
* ¥ ok
* *
* *
* *

The projects are supported by the European Union
attoseco nd and co-financed by the European Regional
Development Fund.




Implementation of the 1)) SZECHENYIPLAN

secondary sources
Via R&D projects — Q4 2013

TDR of the beamlines
TDR of the target areas

Delivery 1. Q2 2014
Delivery Il: Q1 2015

Public procuremants — Q2 2014

Delivery I' Q2 2015

Dehlver 12016
roups / contractors

+ ELI-ALPS workforces
— Q4 2013

Hardware for the beamlines
Hardware for the target areas

Via R&D projec

mplementation of the beamlines
plementation of the target area
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Location of ELI-ALPS | @‘s;écuenmm'*‘
and a planned Scientific Park

Planned
Science Park

ARTONIC

e
V)l eh
attosecond - £

A projekt az Eurépai Unié tdmogatasaval,
az Eurdpai Regionalis Fejlesztési Alap
tarsfinanszirozasaval valésul meg.




LAYOUT - Scientific areas @SZ*’ECHENYIPLAN

Laser hall: 1350 m?
*Target areas: 2100 m?2

*Optics labs: 330 m?2
‘Biology/chemistry/medical labs: 320 m?
*Diagnostics labs: 110 m?2

*Mechanical workshops: 530 m?2
Electric / IT workshop: 200 m?2
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Scientific Management — @ szecenvipLAN
Preparation and CDR (2012-13)'

Head: K. Osvay Assistant: Aniko Varga

Lasers: M.Kalashnikov (MBI, Berlin)
R. Lopez-Martens (LOA, Palaiseau)
K. Osvay (ELI-Hu, Univ. Szeged, Szeged)

Secondary sources: D. Charalambidis (FORTH, Greece)
Zs. Diveki (Imperial College, London)

P. Dombi (Wigner RI, Budapest & MPQ, Garching)
J. A. Fulop (Univ. Pécs, Pécs)

R. Lopez-Martens (LOA, Palaiseau)
E. Racz (Obuda Univ., Budapest)

IT and Radio protection: L. J. Fulop, T. Mosoni
K. Bodor, I.Barna, P. Zagyvai
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Sci Management — @szécuswn PLAN
Current status (Sept 2013)

l Lehrner ‘
SRR Scientific

/ \ Advis?ry
[ Charalambidis 1 Committee

""""""" Resea Osvay (Eireetar

Brockhauser
|

sdence® Charalambidis **"

“ Osvay °

Ranitovic Hideghéthy Arnold Kalashnikov X Bodor
Dombi Kahaly Lopez-Martens «f Fulop L.
Cormier ¥

*Imaging applications

PR mrrE e reE

aser safety,
radiation protection
and Safety

{ attospectroscopy

!

&

Technology
delivery team

UAS =i | el

The projects are supported by the European Union
and co-financed by the European Regional
Development Fund.
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SZECHENYIPLAN

Region of ELI-ALPS:
Szeged

163 000 inhabitants
30 000 students (10% forignerge

2600 researchers at

- Uni Szeged

- Biological Research Center,
- Inst. for Cereal Research

Confucius Institute in Szeged

University of Szeged: WM
World ranking: in the top 500

The highest ranked Uni from underdeveloped regions.

The projects are supported by the European Union
and co-financed by the European Regional
Development Fund.
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SZECHENYIPLAN

Thanks for your attention!
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