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ELI-NP as Users Facility
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Two major systems in ELI-NP user facility.

The wavelength, pulse width, energy, and beam diameter are 820 nm, 
25 fsec, 250 J, and 50 cm.
Focused laser intensity may reach 1023 W/cm2.
The laser light will accelerate electrons up to the speed of light.

High Power Laser System with Highest Focused Intensity

Versatile Gamma Beam System with Highest Photon Number
The Gamma Beam photon energy is 19.5 MeV with psecpulse width.
The spectral density reaches 5000 photons/eV/sec.
The linear polarization is better than 95 %.
The gamma light will interact directly with nuclei for excitation and fission.

HPLS

VEGA



ELI-NP 2020

Letter of Intent = 78



ÅQueens Univ. Belfast, UK, Oxford U., U. Strathchlyde, UK

ÅInst. Fusion Nuclear (Spain), LULI, U. Bordeaux, Saclay (France), SOREQ 
NRC, Tel Aviv U (Israel), Ludwig-Maximilians U, GSI , H Heine U(Germany), 

ÅU Rochester, UCSD, NRL, U. Michigan, Rutgers U, U.S.A.

ÅU. New South Wales (Australia)

ÅJIHT, Russia

ÅKPSI QST, ILE Osaka U., Japan

ÅU. Bucharest,

ELI-NP 2020

LOI were submitted from

Second User Workshop planned in early 2022



IMPULSE project towards European 
Research Infrastructure Consortium (ERIC)



IMPULSE work package 5 discusses 
Work Flow for User Access



User proposal format is being prepared

S Chen, D Ursescu, O Tesileanu, C Holeabu et al
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1 PW

Q3 Q4 Q1 Q2

Aug Oct Dec Feb Apr Jun Aug

Week 1 8 15 22 29 36 43

Today

Q3

Aug 2 ςDec 31100 TW

Aug 2 - Sep 301 PW

Mar 1 ςAug 31Opt. Integration & Tuning

Q4 Q1

50 57 64 71 78

Sep 1 - Jan 3010 PW

Oct Dec Feb

Preparation Jun 6 ςAug 31

Preparation Oct 1 -

Sep 1 - Feb 28Experiment

ISAB

October 1, 2021

Complete PAC Evaluation

May 2, 2022

Time Schedule for Experiments Available  

in 2021-2023

10 PW Start Preparation Feb 1 -

Large hexapod 
installed

Aug

Large optics
installation

Dec

Focusability
test

Jan

Starting setup 
installation

Mar



Rocket Starts of Commissioning 
Experiments



ELI-NP 2020

Laser System and Laser Beam Transport



Two arms 10 PW laser beams

40 m
70 m



High Power Laser System

min max unit

Energy/pulse 150 225 J

Central wavelength 814 825 nm

Spectral bandwidth (FWHM) 55 65 nm

Spectral bandwidth (at nearly zero 

level of intensity)

120 130 nm

Pulse duration (FWHM) 15 22.5 fs

FWHM beam diameter/Full aperture 

beam diameter
450/550 mm

Repetition rate

1

puls

e/mi

n

Strehl ratio 0.8 0.95

Pointing stability 2 5 µrad

Beam height to the floor 1500 1510 mm



ELI-NP 2020

International Symposium on Nov. 17, 2020

Prof G Mourou and D Strickland, TWO Nobel 

Laureates with us.

U.S. DOE, LLNL, U Texas Austin,  UC San Diego

Ins. Plasma Micro Fusion, Poland

U. Bordeaux, France

Fraunhofer Inst., Germany

Osaka U., QST, Japan

U. Politech Madrid, Spain

Imperial Coll. Oxford U., Rutherford Appleton, UK

GIST, Korea

TIFR, IPR India

Weiseman Inst., Israel

JIHT RAS, Russia

Laser Fus., Center China

ÅLive performance of 10 PW 
laser system operation
in front of more than 200
participants from the world
for 10 minutes.

Å230 Joule/23 fsec

ÅProfs G Mourou, D Strickland
Presentations

ÅProf G Sarri showed QED potential
for up coming experiments.



ELI-NP 2020

10 PW pulse was shot every one minutes.



ELI-NP 2020

International Syposium on Nov. 17, 2020

Max of 223 participants from all over 

the world



ELI-NP 2020

I DancusôsLSD and Thales met the 
experimental requirement reliably 

at 100 TW output



ELI-NP 2020

LSD/Thales have met the 1 PW 
experimental requirement.



Signal Detection (SD)
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Interaction Point

(IP)

A: Dark Matter

Interaction Point (IP)

Dark matter detection with two-color high-intensity 

lasers: Four-wave mixing in ñvacuumò

Laser Diagnostics 

(LD)

Interaction Point (IP)

Prof K Homma (Hiroshima U.) and S Sakabe (Kyoto U.) have participated

as expert users.



100TW Exp. Update

ÅLGED has started the prelinary phase of ñDark Matterò Search.

Collaboration with expert users from Hiroshima and Kyoto 
Universities

ÅLDED has started the electron acceleration experiments.



SAPPHIRES Collaboration 
22

ELI-NP: 6 Researchers + 2 Engineers

O. Tesileanu, Y. Nakamiya, M. M. Rosu, M. C. Cuciuc. L. Neagu. 

S. Ataman, V. R. M. Rodriguess, C. Chiochiu

ICR Kyoto University =  3 Researchers

S. Sakabe, S. Inoue, M. Hashida

Hiroshima University = 1 Researcher + 2 Students

K. Homma, Y. Kirita, F. Ishibasi

Experiments at ICR Kyoto ïT6 laser system and ELI-NP ïE4 

experimental area

The SAPPHIRES collaboration 

has published the first 

collaborative searching result at 

ICR, Kyoto Univ. in 

Journal of High Energy Physics

12 (2021) 108.

T6 Laser and Interaction chamber @ 

ICR

High Power Laser System and E4 experimental area @ 

ELI-NP



Current Status of Commissioning 
Experiment with 100 TW Laser

23

Ti:Sap

Nd:YAG

PMT

10 ns

Waveform of Four-wave Mixing Signal in 

Atmosphere 

Timing Synchronization Spatial Overlap

Signal generation with existence of the both lasers

Å Four-wave mixing signal from atoms was 

successfully measured with good spatiotemporal 

overlap between Ti:Sap. HPLS laser and Nd:YAG

laser.

Å Background studies were just started with low-

energy laser shots.
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The first experiment with 100 TW focused beam 

Pic of the exp. setup during installationSchema of the exp. setup for LWFA

Diagnostics

- Electron beam profile/pointing

- Electron energy spectrum

- Near-field and far-field at full power

- Laser light back-reflection

- Shadowgraphy

- Self-emission

- Pulse duration

- Raman forward scattering

- Laser energy transmission through gas

Magnet 16 cm long and 0.73T B-field

Gas-jet 2 mm diameter (He, He+2%N2)

Laser intensity, a0 < 2.8

D DoriaôsTeam



Vertical scanfor severaldistancesfrom the nozzletakento mapthe trend

for themaximumelectronenergyata fixed gaspressureof 20 bar.

Gas type: He + 2% N2

Gas pressure: 20 bar

Electronmaximumenergyversuslaserfocal position from the centerof the

gasjet. Thescanwasdoneat2.4 mm abovethenozzle(i.e., ne ~ 7x1018 cm-3).

Gas: pure He
Gas pressure: 10 bar

Gas: He + 2% N2

b)

a)

b)

Typical electroncontinuumspectrumobtainedwith gasadmixture

of Heand2% N2 : a)Laneximage; b) analyzedenergyspectrum.

Typical electronpeakspectrumobtainedwith pureHe gas:

a) Laneximage; b) analyzedenergyspectrum.

The first experiment with 100 TW focused beam 

a)

Gas: He 

Electron cut-off energy scan

Electron cut-off energy scan



1 PW Exp. Update

Phase 1 (P.I. M. O. Cernaianu)

Å TNSA proton acceleration, commissioning experiment to assess the 

HPLS 1 PW performance and test diagnostics, following the ELINP 

ISAB plan 

Å Improved ion acceleration in step 2 by using a single plasma mirror, in 

preparation for the 10 PW experiments.

Expert users: A. Arefiev UCSD USA, D. Schumacher OSU USA

Phase 2 (P.I. P. Ghenuche) ïfinished on 10.12.2021

Å LWFA commissioning experiment at 1 PW by using a gas cell, step 

towards the 10 PW experiments

Expert user: G. Sarri QUB UK, Leo Gizzi INO IT



1 PW commissioning experiment: TNSA of solid targets

Main diagnostics

- Optical probe

- Specular reflection

- Back-reflection monitor

- Radiochromic film stacks

- Thomson Parabola

- Near and far-field at full power

- On-shot full power laser 

characterization

- EMP

Phase 1 TNSA: schematic of the experimental setup

Proton spectrum at ~180 

TW

Proton spectrum at ~350 TW

for a 4.5 µm Al target

Data is under analysis

Cutoff energy ~19 

MeV



Phase 2 ïrun with plasma mirror

Main diagnostics

- Optical probe

- Specular reflection

- Back-reflection monitor

- Radiochromic film stacks, 

CR39

- Thomson Parabola

- On-shot near and far-field

- On-shot laser 

characterization

Matrix 

holder for 

targets

@26°

AOI

Plasm

a 

mirror

TP



Ion acceleration results with plasma 
mirror

Radiochromic film stack

Thomson parabola data

23.1 J, ~26 fs -> 880 TW 

~0.7 x (620 TW after PM) on target -> 

~ 4 x1021 W/cm2

4.5 ɛm Al foil

> 30 MeV proton 

19 J, ~75 fs -> 250 TW 

~0.7 x (150 TW after PM) -> 

~ 1 x1021 W/cm2

Data is 

under 

evaluation

Thomson parabola

380nm DLC (built in house)

Cutoff energy at ~40 MeV H+

Proton ~38 MeV

Carbon ~15 MeV/n

~30 MeV H+

H+

C 6+

~40 MeV H+

H+

C 6+

Shot conditions:
Shot conditions:



Setup and Diagnostics

Core Diagnostics: 

ÇFocus/Target Alignment (ODB) 

ÇEntry Lanex (charge, 

divergence, pointing)

ÇElectron Spectrometer 

(Energy), ICT (charge)

Ç Interferometry, Shadography

ÇEmission 

ÇX ray/ Betatron Emission  

Complete new setup at 

1 PW laser level in E5 

area at ELI -NP in Nov -

Dec 2021



Main Diagnostics Results

Ç State of the art 2 GeV electron beam obtained with 2 cm gas cell

Ç Data under evaluation and paper in preparation ( Ghenuche et al. 2022)



ÅLaser driven nanowires show high coupling efficiency by driving 
electron plasma wave in a solid. The following implosion of 
nano wires can produce pressured higher than 10 Tbar.

ELI-NP 2020

10 PW laser pulse can couple with 
nanowire target well. 

Phys. Rev. Res. 3, 033262 (2021) This Sept.



ÅJian Fuh Ong (ELI-NP) used PIC simulation to show the laser wake field in solid density 
carbon nano rod resulting in 10 Tbar implosion pressure.

ELI-NP 2020

When we shoot carbon nano rod, 
electron wake field is excited.

Movie HereIL = 1023 W/cm2

9 Nano-rods

3D PIC


