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beamlines

Attosecond facility, ALPS

Photonuclear facility , NP

Structure of implementation of the ELI project

High-brightness sources

of X-ray radiation & particles

Attosecond XUV/X-ray physics

Laser-induced nuclear physics

Frontier physics by exawatt lasers




ELI-Beamlines location: South of Prague ~=

D8 motorway
to Dresden and Berlin
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D3 W% motorway
to Linz (planned)

18| D1 motorway
to Brno, Bratislava,
Vienna, and Budapest

e Proximity of international airport (15 min drive), enjoyable surroundings,
behind the border of Prague (funding issuses)

e Synergy with planned large biotechnology center BIOCEV (2 km distance)

e Direct connection to Prague outer ring and the European motorway network



ELI-Beamlines facility view
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eli b »))?p ELI-Beamlines mission: fundamental & applied
research

- High-repetition rate and high average power lasers using diode-pumping

- Ultra-high peak power of 10 PW, focused intensities up to 102 Wecm2

1. Generation of rep-rated femtosecond secondary sources of radiation and particles

- XUV and X-ray sources (monochromatic and broadband)

- Accelerated electrons (2 GeV 10 Hz rep-rate, 100 GeV low rep-rate),
protons (200-400 MeV 10 Hz rep-rate, >3 GeV low-rep-rate)

- Gamma-ray sources (broadband)

2. Programmatic applications of rep-rated femtosecond secondary sources

- Medical research including proton therapy
- Molecular, biomedical and material sciences
- Physics of dense plasmas, laser fusion, laboratory astrophysics

3. High-field physics experiments with focused intensities 1023-102* Wcm2
- “Exotic” physics, non-linear QED: sophisticated pump-probe capabilities

4. Development & testing new technologies for multi-PW laser systems
- Generation and compression of 10-PW ultrashort pulses, coherent superposition, etc.
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Layout of ELI-Beamlines laser building
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First floor (80 x 40 m)

kJ laser for L4

Support technologies, cooling systems,
cryogenic systems

Ground floor (80 x 40 m)
4 |aser halls (L1 to L4)

Basement (110 x 60 m)
Compressor(s) of L4 10-PW laser(s)
Vacuum pulse distribution

6 specialized
experimental halls (E1 to E6)



b"m” Experimental Area Ground floor
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Underpinning laser technologies

for ELI



U Implementation of ELI

beamlines
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FE - front end

MA - main amplifier

BT - beam transport section
SW - switch yard

CS - compressor stage

FOA - final optics assembly
SS - secondary sources
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U Implementation of ELI

beamlines
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1kHz, 100mJ energy

1st step J
198 n Amplifier | 200TW 1PW/0,1-1Hz USR 2015

1PW/1-10Hz 2nd step 2017

L4 1shot/min, 1-2kJ energy, 10PW




i b»»p) ELI-Beamlines laser scheme

El Apps in molecular,
"1 biomedical

L1

— 200m) /<20 s / 1 kHz & material sciences
YbiYAG | Pump e 1ok e PFSOPCPA [ ComRresser =
preamps
| Pump thin disk Compressor Compressar 200mJ /<20fs /1 kH_Z__
44 Yb:YAG ns-ps PFS OPCPA p-fs -
Master oscillator - E2
Ti:sapphire _ | common XUV / X-ray
80 MHz, <6fs front end Lz | aneration
g
p?;fﬁﬁs 1kHz Pump DPSSL multislab 1001 20J /<30fs/10 Hz
+ cryogenic Yb:YAG 1001 pmsearp:nl:p !
Central Erfiber pulse
clock cleaning Lot o | Tizsapph front end 51/30fs/10Hz E3 Plasma physics
E——
Master timing ey i lab astrophysics
Pump DPSSL multisla
cryogenic Yb:YAG 10J) /20fs /10 Hz _g.
)
=
2 E4
L3 8 |—s=1 High-field
2 “exotic” physics
Pump DPSSL multislab | 30)/20fs/10Hz
Nd:glass
13/ 20 fs /10 Hz
Local | Ti:sapph frontend ES
—— Electron
L4 acceleration
1.5-2kJ 1.5kl /<150 fs
100J
s | Disk amplifier CPA laser 100) /<150fs
oscillator | flashlamp pumped Nd:glass OPCPA E6
amps
Local oscillator & front end [——" Proton

acceleration
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Secondary sources and beamlines, applications
based on intense laser plasma interaction
and conected with it acceleration of particles
Secondary effects of electron acceleration:
X-rayBeam
(compact laser driven X-FEL, betatron radiation,..)



Switch Yard

Beam transportation section




Implementation of x-ray beamlines
V)l . ot
beamtines Into the building
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kHz PW
Betatron/ Betatron/ X-ray lasers
kHz Compton Compton ,
Plasma 7
Source =
kHz HHG

™/ — Exp.hall4
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LUX/XFEL |



Il XUV and X-ray sources for E1 and E2:
e principles

lens
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Laser

Harmonic beam

Coherent XUV beam

Betatron radiatio
N

Incoherent X-ray beam
Spatial coherence !
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" High rep. rate laser-driven x-ray sources in E1
Betatron/Compton beamline in the E2 hall

el

beamlines




m Design of kHz Betatron/Compton beamline

beamlines
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Il Laser undulator for generation of coherent X-
e rays (LUX) later X-FEL
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plasma stage et f e
. N, 10 viom’) : | '

Water window 10°

photons/shot

undulator
sub-cm period

235 240

Diagnostics
Applications

magnetic lenses
High-intensity laser 500 T/m gradient
100 TW - few PW <

key challenges for FEL:

energy spread, charge, emittance

- combine conventional and
plasma acceleration at DESY
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PRL 109, 234801 (2012) PHYSICAL REVIEW LETTERS 7 DECEMBER 2012

Laser-Driven Proton Acceleration Enhancement by Nanostructured Foils

D. Margamne,l 0. Klimo,l’2 [.J. Kim,?' J. lF’rol\'l'jpelx',l’2 J. Limpouch,l’2 T. M. Jeong,?' T. Mocel‘;,1 J. lF’féil\'al,l’2 H.T. Kim,3
J. Pmél‘;a,2 K. H Nam,3 L. S\jtolcov.:-i,1’2 [. W. Choi,?' S. K. Lee,3 J. H. Sung,3 T.J. “nc’u,3 and G. Komn'
"nstitute of Physics of the ASCR, ELI-Beamlines/HiLASE project, Na Slovance 2, 18221 Prague, Czech Republic
2Czech Technical Uni versity in Prague, FNSPE, Brehova 7, 115 19 Prague, Czech Republic

3Advanced Photonics Research Institute, GIST, 1 Oryong-dong, Buk-gu, Gwangju 500-712, Republic of Korea
(Received 3 June 2012; published 3 December 2012)
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High-Power y-Ray Flash Generation in Ultraintense Laser-Plasma Interactions

Tatsufumi Nakamum,' James K. Koga,' Timur Zh. Esirkepov,' Masaki Kando,I Georg l*f.om,z’3 and Serge1 V. Bulanov™*
'Kansai Photon Science Institute, Japan Atomic Energy Agency, Kizugawa, Kyoto, Japan 6190215
2Ma_\'—P;’anck—[ns!imrﬁ'f'r Quantenoptik, Garching, Germany 85748
3Institute of Physics, Czech Academy of Sciences, Prague, Czech Republic 18221
*Prokhorov Institute of General Physics, Russian Academy of Sciences, Moscow, Russia 119991
(Received 23 November 2011; revised manuscript received 10 February 2012; published 9 May 2012)
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Dependence of the gamma-ray power (PW)

on the plasma scale length, L () for the laser pulse energy of 300 J
and the laser power, , varying from 5 to 20 PW

Tatsufumi Nakamura?, James K. Koga?, Timur Zh. Esirkepov?, Masaki Kando?,

Georg KornP¢, Sergei V. Bulanov®d PRL April 2012
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