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.i ) Location of ELI-Beamlines

beamlines

D8 motorway
to Dresden and Berlin

\=

Prague
International
Airport

Dolni
i 1 BfeZany
Y

. .
N

“E Dé \DI D1 motorway DOInI Brezal‘ly
D3 motorway
LS S,

« HILASE: New lasers for industry and research

« High average power pulsed lasers

+ Development high-rep lasers and laser systems that will find use in industry
- Biocev

« European Centre of Excellence in biomedicine and biotechnology

* Universities + CAS
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el- ) ELI-BL experimental & laser halls

] beamlines

* Site area 65,000 m?

|+ Building(s) 28,645 m?

| « Building volume 170,000 m3

« Experimental building 16,500 m?

« Laboratories 4,500 m?

* Offices 4,400 m?

 Multifunction areas 2,300 m?

'« Total estimated construction costs of €65M

* Foundation raft slab thickness 1 m

* 1.6 m shielded reinforced concrete walls in
the underground

« Cellular reinforced concrete ceiling slab

thickness 1.5m; span 20m

: ‘Exp. hall 3

35000 m3 concrete
10‘000 tons steel
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ai ) Building layout
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Laser Bu"ding Cryogenic systems, power supply

Support Rooms [
First Floor o

L1 100 m) / 1kHz

Lasers
Ground Floor

E1 Material & Bio- E4 ELIMAIA
molecular Applications ‘ : lon Acceleration

Experimental Halls %
Basement

E5 Electron Accelaration & -
Laser Undulator X-ray Source &
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i Facility Technology Scheme

beamlines

E1 | Applications MBMS
RF master clock L1 -AL LEG RA
il e
Er:fiber clock 30mJ / 14fs/ 1 kHZ HHG, sz,
1030 nm | 1 ity MAC, ELIps, SRS, TREX
Pump thin disk | Compressor Pump thin disk Compressor f 100 mJ / <15fs / 1 kHz : . z =
::::sl?l:::' Yh:YAG Amps 1/2 e ¥i:AG:Amps 3{4/5 — zs;mpressor o
810 nm ”
| OPCPA 1/2/3/4 —=| OPCPAS/6/7 i E2 | coherent / incoherent
e - =1 XUV / X-ray generation
L2-DUHA GAMMATRON
[ Jc i
I Yog 8 >3)/25fs /20 Hz s :
Pump DPSSL multislab 1°"I—> OPCPA E3 | Plasma / high-field
Yb:YAG = power amp e o [ physics, lab astrophysics
T Ch Z‘mﬂ'ﬂzx\ﬂmngmm 5ml/30fs/2kHz E P3 Plasma Physics, BETATRON
2.2 um MID-IR ﬁ
—
2
L3-HAPLS 161/ 34fs /3.3 HZ e E4 | particle acceleration
— Hcddrl 30J/<30fs/10Hz | 3 by lasers
Pump DPSSL multislab | 1PW — & ELIMAIA / ELIMED
Nd:glass Ti:sapphire
Oscillator  — . powgrpamp . n/E0n/0m
Ti:sapphire| Ti:sapph pre-amplifier
front end ES High-energy electron
1SR/ 1505° ——#=—| acceleration
L4-ATON 10 PW 1.5k} /150 fs LUIS and ELBA
'—~
compressor 1.1kl /0.5-10ns
DS OPCPA | preamps 1.8 k! /0.5-10 ns
S . -
front end 51 Nd:glass power amplifiers ?" E6
Long pulse front end - cor:ppr:zsor ~150)/150fs Space Cont’ngency
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el1 )] The L4 laser

beamlines

= Uniqueness of this 10 PW laser is the long pulse length of 150 fs, therefore more energy: 1.5 kJ
can deliver femtosecond, picosecond & nanosecond pulses

—
e oo ¢ I ----------------- . Auxiliary beam
Optical clock i 150 )
Liooo1ew L —
i compressor !
Y - |
; Front end
Broadband oscillator| || T || opcPA | | 1501 power 1.5 ki power | -
"'80 MHz Booster preamp pre-amplifier] = | amplifier (PA1) amplifier (PA2) Main beam
ulse cleaning I_ >1.5 Kk
10 PW -
y compressor
. Long pulse
Long gglfgsgﬁgllator tront end
o Pulse shaping
80 MHz Booster preamp

high-energy density physics (HEDPS) capabilities at high repetition rate in addition to UHI interaction
=>» has given rise to the L4n and L4p projects (fully funded)
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el- ) L4 10 PW optical compressor

beamlines

10 PW peak power late 2021
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d. ,)»», Initial experimental chains L1-E1, L3-E3, L3-E4, L4-E3

] beamlines

L1 ALLEG

User operation

Commissioning phase

valid till 2022

Commissioning phase
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ai Science Case @ ELI Beamlines

beamlines

Scientific Director — Georg Korn
Scientific strategy and coordination of Research programs

Department of Laser Systems Department of Radiation Physics and Department of lon Acceleration and

B. Rus Electron Acceleration & HiFl, S. Bulanov Appl_ications of High Energy
. ‘ ; Particles, D. Margarone

€ includes former theory/simulation
& HPC/VBL activities

Department of Structural Dynamics, J. Department of Plasma Physics and
Andreasson & ELIBIO, J. Hajdu Ultra-High Intensity Interaction, S. Weber



HAPLS-P3 laser commissioning
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E5 ELBA:103.1m
&

< I
5 ! e
« % . T A
E4:87.1m ) ES LUIS: 100.8 m &
W
@
E3:53.6 m bt
& " Vna5m
E2 DM:49.0 m
420
360 Ka, 165 shots accumulation

Vanadium spectrum

300

FFT smooth 3 points;

240

rnotons

180 4 Ka
1204

|
60 4

b) 4900 4920 4940 4960 4980 5000 5020 5040

; diagﬂn%stlo

Y
A

Linergy (eV)
Full aperture 80 mm 1” blue
. Configuration/Sample Pointing RMS [prad]
HAPLS HAPLS alignment beam Radial X v
. HAPLS beam full aperture 2444 +0.169 1524 4+0.105 1911 +£0.132
I HAPLS beam 80 mm aperture 2514 £0.177 1597 £0.113  1.942 +0.137
Blue laser 1 1.372 £ 0.068  0.999 + 0.049  0.940 = 0.046
Blue laser 2 1492 +0.113  0.974 +0.074 1.131 + 0.085
Blue laser 2 (P3 pumps OFF) 0.286 +0.020 0.218 £0.016 0.185+0.013
HAPLS uncompressed (low power) ~ 1.8
HAPLS uncompressed (high power) ~ 3.1
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do ) L4n beam to pave the way to HEDP in the
] beamlines high-l‘epetition I‘ate regime

L4n beam will soon become
operational and is relevant for
High Pressure Physics at ELI
Beamlines.

32x32 cm?2 (square
beam)
A=1053 nm
E=1.9 k]
t=0.1-10ns

| Experimental P-T curves:

L (o)

» Reliable high energy laser driver

«  Uniform pressure distribution - Mwiltams Laue
» Steady pressure pulse (precise pulse shape control)
» High precision measurement diagnostics

1 to 5-10 shots a day —% 1 shot / ~minute

20000+ Experimental melting points:
® McWilliams g ;
® This experiment . a8 " L -

Temperature [K]

-

© SA: Svendson and Ahrens, 1987
McW: McWilliams et al., 2012 i
RT: Root et al., 2015

dKS: De Koker and Stixrude, 2009

0.6 0.8 1.0
Pressure [TPa
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beamlines

2019 Users

Institute of Chemical Process Fundamentals
Charles University, Dept. of Phys. &
Macromolecular Chemistry

J. Heyrovsky Institute of Physical Chemistry
Institute of Physics, Division of Optics
Masaryk University - Brno

Institute of Biotechnology - Vestec
University of South Bohemia - Ceské
Budéjovice

Leipzig University

Technical University limenau

Otto von Guericke University Magdeburg
Technical University Berlin

University of Hamburg

Paderborn University

Queen Mary University in London
University of Southampton

Wigner Research Centre Budapest
University of Genoa, Istituto Nazionale di
Fisica Nucleare

CNR-IFN Padova

IPC PAS Warsaw

INP PAS Krakow

PNPI RAS Sankt Petersburg

IGIC RAS Moscow

Chalmers University of Technology
Gothenburg

Lund University

Uppsala University

University of Oulu

Element Aero

New Mexico State University

User Operation in E1 (Structural Dynamics)

Norway Finland 2020
 Fast track Access for
@ - Coronavirus-related
=4 e \@ : Research
Baltic Sea  Estonia G B
@' 5tvia |l = SecondOpenCall
North Sea _ “-wo@sc%‘gﬂ Instrumentation:
United Denirrat @ AN MAC
{/\ Kingdom % REx
Ireland | ELlps
(P Netherlands SRS
P . ¢
N4 Belgium \
8-12/2020
79 ) ; Ukraine
g c 16 proposals scheduled
Wya -
France 7 | "W
" ‘Canada
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eli M.

E1l Peer MAC,
ELIps, TREX, SRS

T

User Calls Schedule 2020-21

LSS I SRR REEEEEEEN 4/ o
SIS Latt:: RS
SIS SRR
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ% T 0 0 0 o0 e 0
S SN RS PSS

E3 SFL and LFL
Commissioning
with L3 HAPLS

E3 L4n
Commissioning

e
XS £
vaslelatetetetetetels

E4
Commissioning
with L3 HAPLS
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eli M.

User operation
E1, calls for E3, E4, Performance
ramp-up
L1 50+m)J
L3 laser sources,
HPC commissioning

Facility Perspective

User operation
E1l,E2, E3, E4, ES
Ramp-ups
L1-100m)J
L3 PW/Hz
L4 10PW/min

Upgrades
L2 DUHA laser,
LUIS beamline,

ELI Beamlines Strategic Development Plan

Average power kW class short pulses

Peak power multi 10 PW

Ultra-intense interaction, collision of laser-produced
electrons with high-intensity laser pulses

Compact table top particle accelerators, FEL

Optical material (HD coatings) development and
production

Combined experiments with different lasers

ELBA multi GeV, N
\\
Gammatron N
\_\\\
\\
>
,-"'f /
’
v
User operation User operation ,;
E1, E3, E4, Reaching Steady state v
calls for E2, E5 Ramp-ups
Performance ramp-up L3 PW/10Hz
L3 1PW Upgrades

L4 10 PW, L4n
commissioning

R&D and Upgrade projects — additional 70 mil. EUR

ELIBIO — Biolab facility, new technology, R&D activities
HIFI — High-field science and computing capabilities
ADONIS — Multiple-enhancements for parallel operation

L1 second arm
Combining L3 and L4n in E3
L4 in E4
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s ) User base & collaborators: open door...

] beamlines

Imperial College yiiij Universit 1 % CFELs=i

London =] of PotsdarJﬁfi‘e"rfé“ SCIENCE

Berlin

u,,.vers.ty,,f Queen’s University
Strathclyde Belfast — FLAS H .

Glasgow

European
& Science & Technology Facilities Council XFPEL "EEIE:THE?J;T;RESDEN Free-Electron Laser FLASH
< Rutherford Appleton Laboratory | ossevoosr
University

Friedrich- Laboratory for Laser- and beam-driven plasma Acceleration

Schiller-
Universitit

Unlver5|tat Hamburg
DER FORSCHUNG | DER LEHRE | DER BILDUNG

Frrerrerr

g Fermllab

&

TU R i University
e . @ of Potsdam

“Photonics

UNIVERSITY OF

GOTHENBURG
VRIJE
V U UNIVERSITEIT
A% AMSTERDAM & I
UPPSALA
UNIVERSITET INSTYTUT FIZYKIPLAZHY | LASEROVES WIKROSYNTELY U ni u.Jerngtet

e S Sux CELIA 1=5M L o ]k %und C
bd i Instituto de Instrumentacion U‘ W]-l‘l ]T'lej .IU‘U-ll‘J]N-' ascr cntre
R S oorcloks o pes pers fmagen Molsoulsr A THE HEBREW UNIVERSITY OF JERUSALEM .
PCEITEC BIOCEV )] d] )] d] @ Rigalcws TECNICO ¢ ) :[“E[: <7
OSAKA UNIVERSITY

Central European Institute of Technology Nuclear Phys]cs attosecond L | S B OA

BRNO | CZECH REPUBLIC
Jihogeska univerzita
... v Ceskych Budéjovicich %\P 2%, PROTON §(’/“ 0TTO VON GUERICKE
University of South Bohemia & eex vvsox cooose THERAPY '\\-‘/ r ADVANCED PHOTONICS i.. \ UNIVERSITAT
Q0 e VY | 238880 (NTeR sumasapen 3 RESEARCH INSTITUTE b A UL
dllarechn'ch
& sls D~y Y

BN HARTEHRP

=2 n D

I\
‘. \/’ LASER FUSION RESEARCH CENTER EUROPEAN UNION
. . European Structural and Investing Funds

Operational Programme Research,
Development and Education

scientifique

MINISTRY OF EDUCATION
YOUTH A\D SPORTS

Fzu




U]

beamlines

el

ELI-Beamlines

a world class laser

research infrastructure ’

with high impact for )) )
society




