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Two major systems in ELI-NP user facility.

mK;h Power LaseBystem with Highest Focused Intensity

The wavelength, pulse width, energy, and beam diameter are 820 nm,
25fsec, 250 J, and 50 cm.

Focused laser intensity may reach 2®V/cm?.
The laser light will accelerate electrons up to the speed of light.

mersatile Gammdaeam System with Highest Photon Number

The Gamma Beam photon energy is 19.5 MeV waecpulse width.
Thespectral 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.
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in the near future.

Since then, tremendous progress has been made with regard to the facility's implementation, despite the manifold
of chalkenges induced by the current pandemic outbreak. A recent highlight of those developments is the first
beam delivery from the 100 TW arm to the target station followed by the first successful 10 PW shots through the
entire ELI-NP laser system on the 19% of August 2020,

ELI-NP has truly arrived, and we are getting ready for user experiments!

It is therefore with the greatest honor that we can say a thank to all our staff and members of the management as
well as Thalks who put tremendous effort into progressing the project.

With pride, we can state that a total of 67 Lols, compromising the efforts of almost 400 researchers worldwide
from more than 80 international institutions and universities, have been filed with us as of today. The presented
Lols are evidence of the emergence of a new, vibrant community at the interface of nuckear, plasma, atomic, and
laser physics. The documents show a broad interest in laser-pl. and nuclear ph in theory and practice.
This scientific endeavor is paired with the urge to search for societal applications of the possibilities provided

by our high-power laser suchas e g.. appli in the field of medical science, the development of
optical and target components, and material science.
We wish that you have the gn pk in perusing the detailed and exhaustive d ion p d
herein.
Sincerely,
N
Acad. Prof. Nicolae Victor Zamfir Prof. Dr Kazuo A. Tanaka Dr Calin A. Ur
Project Director ELI-NP Scientific Directgr ELI-NP Technical Director ELI-NP
|
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LOIl were submitted from

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

AlInst. Fusion Nuclear (Spain), LULI, U. Bordeausx, Saclzﬁ/ (France), SOREQ
NRC, Tel Aviv U (Israel), Ludwig-Maximilians U, GSI , H Heine U(Germany),

AU Rochester, UCSD, NRL, U. Michigan, Rutgers U, U.S.A.
AU. New South Wales (Australia)

AJIHT, Russia

AKPSI QST, ILE Osaka U., Japan

AU. Bucharest,

Second User Workshop planned in early 2022

ELI-NP 2020



IMPULSE project towards European
Research Infrastructure Consortium (ERIC)

W eli

HOME THEELIPROJECT ORGANISATION  SCIENCE R APPLICATIONS IMPULSE EVENTS |JOBS CONTACTS

The IMPULSE project

MPULSE {Integrated Management and Reliable Operations for User-based Laser Scientific Excellence) is a 42-month EU-funded project
supporting the transition of ELI 10 sustainable operations. As ELI enters a ¢rucial phase with the establishment of the ELI European Research
Infrastructure Consortium (ELI ERIC} and the gradual opening of the ELl Facilities 10 users, IMPULSE addresses the key scientific, technical
organizational. and management requirements of this transition, building user communities and expanding the ELI member consortivm.,

ELI-ALPS, Szeged, Hungary £L( Beamlines, Dalni BreZzony, Czech Republic ELI-NP. Moguarele, Romamia
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IMPULSE work package 5 discusses
Work Flow for User Access

Beamtime allocation procedure

Pl Technical Committee PAC ELI-NP manager

preliminai

Dﬂ_ﬂ_\

propose

allocate
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User proposal format is being prepared

wmeli

nuclear physics

GENERAL INFORMATION

Title:

PI:

Affiliation of PI:

General Information:
(Research/Commercial)

Identification Number:

Lol reference:

Main Area: Physics, Biology, etc.
Subarea(s): lab astro, particle acc., atc.
Target Area: E4, ES, etc.

Peak Power:

100 TW, 1 PW, etc.

Preferred Dates (or
blackout dates):

Shot days requested:

2 weeks, ete.

Identification Number:

Lol reference:

Main Area: Physics, Biclogy, ete.
Subarea(s): lab astro, particle acc., ate.
Risk Type High/Low

Risk details &

mitigation

meli

nuclear physics
\
LASER SYSTEM PARAMETERS
Energy: 201,15-20J, ete.
Pulse duration: 25fs
Wavelength: 810 nm

Repetition rate

Single shots, burst of 5, continuous 10 Hz, ete.

Facility diagnostics
requested:

Streak camera, spectrometer, etc.

Diagnostics bringing to
the facility:

Requesting services
from ELI-NP Target
Laboratory (Yes/Na), if
yes, describe targets &
quantity

100x, 3 um Al foils glued on holder

Special Technical
Requests:

Specific machining or electrical support

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

L]
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Time Schedule for Experiments Available
iIn 2021-2023

(%]
% Aug 2¢ Dec 31
£
o Comm. Exp. Aug 2- Sep 30
o

10 PW Mar 1¢ Aug 31

Chambers Aug Dec Jan Mar

Large hexapod Large optics  FocusabilityStarting setup
installed installation test installation
100 TW

Sep 1-Feb 28

Oct 1-

1w =

10 PW Start Preparation, Feb 1-

User Exp.

Q3 Q4 Q1 Q2 Q3 Q4 Q1

2021 KB Oct Apr Oct 2023
_W_ﬂ_
Today
October 1, 2021 May 2, 2022

ISAB Complete PAC Evaluation



Rocket Starts of Commissioning
Experiments




Laser System and Laser Beam Transport

el

nuclear physics
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Two arms 10 PW laser beams




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 120 | 130 |[nm
level of intensity)
Pulse duration (FWHM) 15 22.5 |fs
FWHM beam diameter/Full aperture

: 450/550 |[mm
beam diameter
Repetition rate puls
1 e/mi
n
Strehl ratio 0.8 | 0.95
Pointing stability 2 5 |urad

Beam height to the floor 1500 | 1510 {mm




International Symposium on Nov. 17, 2020 ei

nuclear physics

ALive performance of 10 PW |
|aser System opera’uon Prof G Mourpu and D Strickland, TWO Nobel
In front of more than 200 Laureates with us.
Partlmpants from the world

or 10 minutes. | |
U.S. DOE, LLNL, U Texas Austin, UC San Diego

Ins. Plasma Micro Fusion, Poland

A230 Joule/23 fsec U. Bordeaux, France
Fraunhofer Inst., Germany

Osaka U., QST, Japan

AProfs G Mourou, D Strickland U. Politech Madrid, Spain
Presentations Imperial Coll. Oxford U., Rutherford Appleton, UK
AProf G Sarri showed QED potential > e
! . P TIFR, IPR India
for up coming experlments. Weiseman Inst., Israel

JIHT RAS, Russia

Laser Fus., Center China
ELI-NP 2020




nuclear physics
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International Syposium on Nov. 17, 2020

Max of 223 participants from all over
the world

ELI-NP 2020




| Da n ¢ ulsSb and Thales met the

experimental requirement reliably e
at 100 TW O Utp Ut nuclear physics

4W Mixing UHV
18:00-00- Jitter A+B

LWFA + RR

PM + HB

TNSA
14:00:00- I I|
10:00:00- -

1 1 1 1 1 1
Jul Aug Sep Oct Nov Dec

Date

Experiment Name

ime
il

T

During second half of 2021 we delivered beam for a total 466 number of hours from
the HPLS 100 TW output to E4 experimental area. — ELI-NP 2020




LSD/Thales have met the 1 PW

experimental requirement. el

nuclear physics

Number of pulses at different energies delivered from HPLS 1 PW
output to ES area:

300

]
o
[=]

Number of Pulses

_[UD_EH.:H:[:D__:D:D

15 20 25
Pulse Energy [J]

ELI-NP 2020
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Dark matter detection with two-color high-intensity

lasers: Four-wave mixing in fvaauciru”u mo

Ti:Sapphire | 1o

Interaction Chamber (IC)

BC = Beam Combiner

I . ; Dichror
Interaction Point ichroic
I | (IP) | Mirror OAP = Off-Axis Parabolic
Nd:YAG t i DM = Dichroic Mirror
: U ' :
(or OAP) @1 |
| . U i ;
! u I Beam Dump D
I Wave Mixing Focusing Collimation (2-u)o | ;S
I (WM) | 7%
------------------- p— -_— - ‘

Interaction Point (IP)
o (2-u)o

Signal Detection (SL Laser Diagnostics
(LD)

* Interaction Point (IP)

my (= wey) < 2w sin 0 _ _ -
Prof K Homma (Hiroshima U.) and S Sakabe (Kyoto U.) have participated

as expert users.
A: Dark Matter



100TW Exp. Update

ALGED has started the prelinaryphase of f@dDar k Ma't

Collaboration with expert users from Hiroshima and Kyoto
Universities

ALDED has started the electron acceleration experiments.
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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

w The"SAPPHIRES collaboration
ICR Kyoto University = 3 Researchers s, ol has published the first
S. Sakabe, S. Inoue, M. Hashida § collaborative searching result at

Hiroshima University = 1 Researcher + 2 Students ICR, Kyoto Univ. in

Journal of High Energy Physics
12 (2021) 108.

Experiments at ICR Kyoto T T® laser system and ELI-NP T E4

experimental area

K. Homma, Y. Kirita, F. Ishibasi

o Power Laser SyStem and *4 f\.p il I §e
‘ ‘ ol ,.\\_;: :

e =
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Waveform of Four-wave Mixing Signal in
Atmpspher‘le | , T8 ProoLtoit
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Signal generation with existence of the both lasers

0.2

—_— e A Four-wave mixing signal from atoms was

CPMT. /o3 successfully measured with good spatiotemporal

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

S 3 b B ckground studies were just started with low-

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

LWFA P|c of the exp setup during installation

Raman scatterin

FP Laser pointini Electron or
Magnet X-ray Beam

Polished
Al foil

Energy meter

Electron spectrometer
imaging system
(ANDOR)

~
v

pleys b

gy spectrum
ield at full power
2ction

wald scattering
ransmission through gas

Magnet 16 cm long and 0.73T B-field
Gas-jet 2 mm diameter (He, He+2%N.,)
Laser intensity, a, < 2.8




I The first experiment with 100 TW focused beam

Gas: He + 2%.N Electron cut-off energy scan

400
Gas type: He + 2% N,
Gas pressure: 20 bar s °
[ J ® .
45000 200
35000 [ ]
L ]
25000
100 .
15000
5000
0

-5000
2 2,5 3 3,5 4 4,5 5 5,5

300
Ener‘gy (rVIeV) ..
: Position above nozzle (mm)

Typical electroncontinuumspectrumobtainedwith gasadmlxture
of Heand2% N, : a) Laneximage b) analyzedenergyspectrum Vertical scanfor severaldistancedrom the nozzletakento mapthetrend
for the maximumelectronenergyat a fixed gaspressureof 20 bar.

cut-off energy (MeV)
w
(=]
o

dN/dE Counts/ MeV (a.u‘

Gas: He
Electron cut-off energy scan
> 300
= Gas: pure He
& Gas pressure: 10 bar .
@ 200
(7] * °
) - % i . .

< 3500 S ® ° ° °

% 2500 § 100

% 1500 g

e w

= 500 0

-500 -0,5 0 0,5 1 1,5 2
lEﬁrgyl(it,,Jev, e Focus distance from the center of the gasjet (mm)
Typical electronpeak spectrumobtainedwith pure He gas Electron maximum energyversuslaserfocal position from the centerof the

a) Laneximage b) analyzedenergyspectrum gasjet. Thescanwasdoneat 2.4 mm abovethe nozzle(i.e., n, ~ 7x10'8 cn3).



1 PW Exp. Update

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

A TNSA proton acceleration, commissioning experiment to assess the
HPLS 1 PW performance and test diagnostics, following the ELINP
ISAB plan

A 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) i finished on 10.12.2021

A 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




) el] 1 PW commissioning experiment: TNSA of solid tarc

Nuclear Physics

Main diagnostics
- Optical probe
- Specular reflection
Phase 1 TNSA: schematic of the experimental setup - Back-reflection monitor

- Radiochromic film stacks Proton spectrum at ~350 T\
- Thomson Parabola for a 4.5 um Al target
- Near and far-field at full power
- On-shot full power laser
characterization
- EMP
- &atter‘ﬁa;a"r‘gef' ‘I\./’ivc, . i -
e Proton spectrum at ~180
D 1 ' : 1,001-1W
[ ma__mdja:pé{c-ai-aw 2.'} L0411
i $
£ S ig 1,00E+10
mirtortwedge Thomson ! ‘_»,:”5_.]. H
patabola 3 é 1,00E+09
;E 1,00E+08
1,00E+07
0 2 4 6 8 10 12 14

Proton energy (MeV)

Cutoff energy ~19
Data is under analysis V€V



el

Nuclear Phvsics Phase 21 run with plasma mirror

Back-reflection

mirror

Viatrix
holder for
targets
@26°
AOI

i)
%
~

Specular

Near-field reflection

o
D

Main diagnostics
- Optical probe
- Specular reflection
- Back-reflection monitor
- Radiochromic film stacks,
Imaging CR39
system
- Thomson Parabola
- On-shot near and far-field
- On-shot laser

~hAararcrtarizatinn

Laser
diagnostic

parabola
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Nuclear Physics
Shot ¢

23.1

~0.7
~ 4 x10%* W/cm?
4.5 e¢m Al foil
Radiochromic film stack
> 30 MeV proton Thomson parabola data
H /
C 6+
Data is
~30 MeV H+ under
evaluation

Ll

—,

2 6 10 14 18 22 26 30 34
energy MeV

— w2

utlt in house)

Thomso)))))palabola

~40 MeV H+

Proton ~38 MeV
Carbon ~15 MeV/n

T 100 [FH

(=
mom
o o
[

r

dE/dN/dQ (a.

1,E-03

L T s

1,E-04

1,E-05
0 5 10 15 20 25 30 35 40 45 50
Energy MeV/n

_ Cutoff energy at ~40 MeV H+
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1 PW laser leve IN
area at ELI -NP in
Dec 2021
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" Flat Mirror

Flat Mirror

Core Diagnostics:
4 C Focus/Target Alignment (ODB)
T — C Entry Lanex (charge,

Large Pick-Off divergence, pointing)

s | , C Electron Spectrometer
(Energy), ICT (charge)

e C Interferometry, Shadography

.Smalll'ick-Off : i - -' (; Emission

{ i v Ml C Xray/ Betatron Emission

ul

| m Low Energy Lanex

bl

\poc..,i..g mirro? ||| I fl@b&gm!

€ao

m eli

BR diag: diode, spectra in TB nuclear ph}fﬂics



Diagnostics Results

w L
0o 20 40 De(filtlcﬁon (i:)m) 100 120 140
Electron Beam Energy .
C State of the art 2 GeV electron beam obtained with 2 cm gas cell I')))))) dll
&b . . .

nuclear physics



10 PW laser pulse can couple with

nanowire target well. L€

ALaser 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 Thbar.

Electron transport in a nanowire irradiated by an intense laser pulse

J.E Ong@,* P. Ghenuche®.” and K. A. Tanaka®*
Extreme Light Infrastructure-Nuclear Physics (ELI-NP), “Horia Hulubei” National Institute for Physics and Nuclear Engineering
(IFIN-HH), 30 Reactorului Street, RO-077125 Bucharest-Mdgurele, Romania

‘g (Received 25 February 2021 accepted 31 August 2021: published 17 September 2021)

Electron transport in a nanowire exhibits a distinct behavior following the irradiation of intense laser pulse.
Using particle-in-cell simulation, we observe a large-amplitude particle-driven wakefield excitation followed
by electron acceleration in the solid density. Besides, we observed the quiver of the electrons across the
nanowire under the action of the surrounding laser electric field facilitating deeper wakefield propagation in
the nanowire with 2.5x energy gain over a flat target. These results open insights into the laser-energy coupling
with nanostructure targets and radiation sources, and motivate the wakefield acceleration in solid density plasma.

DOI: 10.1103/PhysRevResearch.3.033262

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

ELI-NP 2020




When we shoot carbon nano rod,

electron wake field I1s excited.

A Jian 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.

I, = 1023 W/cm?
9 Nano-rods
3D PIC

Movie Here

ELI-NP 2020



