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Laser driven experiments



The TDRs

Nonlinear Compton scattering

Electron positron pair production

Radiation reaction 

Vacuum birefringence

Requirement: 

highest peak intensity

2015 Technical Design Reports
Rom. Rep. Phys. Vol. 68 (2016)



Peak irradiance

Laser pulse parameters in ideal vs. real experiments

Hercules

CoReLS

ELI-NP
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Broader Scientific Context

Å One path to reach beyond extreme laser pulses 

intensities is shortening the pulse duration

Å Spectral bandwidth increase is required

Å This can be reached only through non-linear 

optical processes

Å é preserving energy and focus to the possible 

extent

Å Kerr non-linearity is an attractive option

Å It distorts the temporal shape and the spatial

Å Removal of distortions (Post-compression) is 

possible through dispersive elements: e.g. 

chirped mirrors

Å Can bring up to 5x intensity increase, or more in 

glass PW-class laser systems => upscaling 

extreme laser-driven phenomena

Å Full energy post-compression not yet 

demonstrated in PW-class lasers

SPM

Dispersion 

control



Peak irradiance increase through post-compression

Laser pulse parameters in ideal vs. real experiments

Hercules

CoReLS

ELI-NP

Å Full energy post-compression not yet 

demonstrated in PW-class lasers

Å Enabling experiments on non-linear 

effects in Compton scattering gamma 

sources, vacuum birefringence, radiation 

reaction and further strong field Quantum 

Electrodynamics studies.

Å Potential path to Exawatt through post 

compression in single cycle and then up-

conversion in attosecond pulses using e.g. 

high order harmonics generation on solid 

targets
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First HPLS Experiments at ELI-NP: 
Spectral Broadening in Thin Films
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Miklos Kiss, Masruri Masruri, Loredana Caratas, Adrian Toader, Dmitrii Nistor, Vlad Luta,

Bogdan Tatulea, Daniel Popa, Nicu Stan, Takahisa Jitsuno, Ioan Dancus
Extreme Light Infrastructure -Nuclear Physics, ñHoria Hulubeiò National Institute for Physics and Nuclear 

Engineering, Street Reactorului 30, 077125 Bucharest Magurele, Romania

*Physics Doctoral School, Bucharest University, Magurele, Ilfov, 077125, Romania

Laboratoire pour l'Utilisation des Lasers Intenses -CNRS, CEA, UPMC Univ Paris 06: Sorbonne Universit®, 

Ecole Polytechnique, Institut Polytechnique de Paris, F-91128 Palaiseau cedex, France

Romeo Banici, Andrei Baleanu, Andrei Gradinariu
Thales Systems Romania, Ҍoseaua Orhideelor 15a, 060071 Bucureҍti, Romania

Jonathan Wheeler, Gerard Mourou
International Center for Zetta-Exawatt Science and Technology (IZEST), Ecole Polytechnique, 

Route de Saclay, F-91128 Palaiseau cedex,France



Main building Layout

HPLS

E7: 
Combined laser-gamma
experiments

E6: 
2x10PW, 1shot/min 
QED experiments

9рΥ 
нȄмt²Σ 
мIȊ ŜȄǇŜǊƛƳŜƴǘǎ

E4:
2x0.1PW, 
10Hz experiments

9мΥ
нȄмлt²Σ мǎƘƻǘκƳƛƴ 
bǳŎƭŜŀǊ tƘȅǎƛŎǎ ŜȄǇΦ

40m



E4 2x100TW experimental area

Campaigns: 

Electron acceleration experiments,

Dark matter search

Laser induced damage threshold (LIDT)

Spectral broadening

LIDT station:

Modular design

Dual vacuum chamber



[L5¢ ǎǘŀǘƛƻƴ

Diagnostics bench

Far field

Single shot autocorrelator

D-scan

Focusing

mirror

Target on

translation

Absorptive glass 

beam dump

Spectro-

meter

Mirror

with hole



{. ŎƻŀǊǎŜ ŀŘƧǳǎǘƛƴƎΥ ǇǳƭǎŜ ŘǳǊŀǘƛƻƴ ǾŀǊƛŀǘƛƻƴ

Dispersion variation between -3000fs2 and 3000fs2, in steps of minimum 100fs2

Target position at 250mm from focus. Energy per pulse ~45mJ

Wavelength (nm)

Glass: BK7 1mm

Wavelength (nm)

Plastic: OKP 0.1mm

~400 fs

23 fs

~400 fs
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Large beam LIDT @ ELI-NP
Short overview

Daniel Ursescu, Gabriel Bleotu, Alice 

Dumitru, Cristian Alexe, Andrei Naziru, 

Stefan Popa, Andrew Okukura, Dan Matei 

(ELI-NP)

Tamas Somoskoi (ELI-ALPS)



Laser beam profile



Ag  +TiO2 mirror: damage  image and masks

1000:1 100:1 10:1

Microscope images

Damage masks



Beam and mask



Ag  +TiO2 mirror: damage probability curves



Spectral Broadening in FS, SF5 and Zeonor



Spectral Broadening in FS and Zeonor
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Large beam LIDT @ ELI-NP
Short overview

Daniel Ursescu, Gabriel Bleotu, Alice 

Dumitru, Cristian Alexe, Andrei Naziru, 

Stefan Popa, Andrew Okukura, Dan Matei, 

Radu Caragea, Ana Maria Lupu (ELI-NP)

Tamas Somoskoi, Ahmed Naveed 

(ELI-ALPS)

Daniel Kramer 

(ELI-Beamlines)



Experimental set-up



Imaging of the damage growth

M1 ïmirror: 3 layers protected silver 

1000:1

160mJ/cm2

M2 ïmirror: 1 layer protected silver

1000:1

47mJ/cm2

M4 ïmirror ELI-BL, dielectric

100:1

170mJ/cm2




