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ELI-NP: two extreme light sources in one facility

Bucharest

Experimental building

Magurele

Offices building

High power laser system: 2 x 10 PW maximum power (March 2019)

High intensity gamma beam system: high brilliance & variable energy up to 20 MeV (2022)
8 experimental areas: laser + laser, gamma, laser +gamma

Workshops, laboratories, offices, guest house, cafeteria

International research center with many surrounding physics institutes



High Power Laser System Labs + shops + user rooms
2x10 PW (1 pulse/min)
2x1 PW (1 Hz)

2x0.1 PW (10 Hz)

10 PW E1 “Nuclear Physics” E4 0.1 PW “Applications”

1 PW E5 “Material sciences”

LY (50013 E2 “Gamma NRF”

E3 “Gamma positron source”

10 PW E7 “Laser-gamma”

LBTS f=30 m

E8 “Gamma nuclear-reactions”

GBS control/laser rooms  Gamma Beam System

80m

\ 4
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Heavily shielded, vibration free experimental building
specially designed for laser-based nuclear physics experiments

43)'

= Shielding for high energy nuclear radiation
= 120,000 ton, £1 um @ 10 Hz stable “optical table” made of 1.5 m thick concrete



Long term scientific directions

e Exotic Nuclear Physics and astrophysics

* Nuclear Physics experiments to characterize laser — target interaction
* Photonuclear reactions

* QED and fundamental physics

* Applied research

Start of operations: laser experiments gradually 2019-2020, gamma experiments 2023



High Power Laser System (HPLS)



High Power Laser System designed and built by Thales, France




Key laser components successfully manufactured




December 2018 — The two arms integrated




March 2019 — 10PW laser beam demonstration

 Amplification E > 300J

Near field beam profile recorded at
output of the last amplifier running at
327

Pump energy limited at 80% of the
total capacity on last amplifier



March 2019 — 10 PW laser beam demonstration

* Pulse compression 22-23fs

Far field beam profile recorded at
output of the compressor and after
wavefront correction: Strehl ratio 0,85

* Good temporal contrast: 10'3 on hundred ps scale, 1012 on ps scale
* Few microradian pointing stability



Energy and duration of 10 PW output measured at full beam size

8x SAGA

8x ATLAS 100
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April 2019 - Stable amplification demonstrated also in second 10 PW beam

Near field beam profile
recorded during long term
test over 90 minutes:

» Average energy 300J
» RMS stability < 2%

 High Power Laser System commissioning nearing completion
* Soon ready for experiments



Laser Beam Transport System (LBTS)



LBTS designed by ELI-NP and built by Thales and ALSYOM, France

10 PW 10 PW f=30m
E6 QED -
1 PW/1 Hz
E1 Nuclear
Physics
Clean room

Deformable
mirror

e 2x10 PW beams + 1 PW/1Hz auxiliary beam to any of three experimental areas
 f=30 m F/50 mirror for electron LWFA at 10 PW

 1PW deformable mirror, provision (turning box) for 10 PW deformable mirror



LBTS construction nearing
completion, soon commissioning



Meter-size 10 PW beam transport mirrors finalizing construction

February 2019

e Acquisition of 10 PW focusing mirrors ongoing (tender on-line now)



Laser experimental areas



Laser driven experiments




Construction of 10 PW E1 and E6 interaction chambers nearing completion

 Two identical Al chambers of 5 x 4 meters

* Floor supported Al optical tables for
vibration insulation

* Wide range of 2x10 PW optical setups
possible



Installation of 2x0.1 PW E4 experimental area to be completed Nov 2019

Designed for experiments with multiple laser beams in ultrahigh vacuum
(e.g. axion search) and for applications (e.g. X-ray phase contrast imaging)



Installation of 2x1 PW E5 experimental area to begin Dec 2019

Beam dump

Target insertion system

Circular polarization
&

_ Deformable mirror
Interaction chamber

&

delay line do\‘g_Eg
B

2x1 PW
beams

Designed for material science and biomedical experiments with simultaneous mixed radiation fields
2x1 PW/1Hz synchronized beams to any of the vacuum chambers



E5 optical layout designed for simultaneous electron and ion beams

Long focal F/#25

Circular Polarization

(upgrade)

Short focal F/#3.5

Deformable Mirror

lon and e- beams




ISAB approved commissioning experiments - physics based validation of entire
experimental system at full power

10 PW E1 - solid target experiments:
- Demonstrate extreme focal intensity through laser-y conversion (“y-flash”)
- Demonstrate 200 MeV proton acceleration (neutron generation add-on)
- Dense ion beams for nuclear physics

All experiments use a single setup with only target thickness changed

10 PW EB6 - gas target experiments:
- 10 PW laser wakefield acceleration of GeV electron beams

1 PW E5 - solid + gas target experiments:
- Benchmark TNSA proton acceleration
- Benchmark LWFA electron acceleration

Experiments to be performed by ELI-NP researchers and international expert users



E1 10 PW solid target commissioning setup

Target
0.1-10 pum CH foils or liquid crystal film

Instrumentation

Laser/target alighment system
Plasma mirror

Csl energy-resolved calorimeter array
Forward-gamma spectrometer
Optical Probe

Thomson Parabola

Passive: RCF, CR39/IP, Activation

Detection
All-optical (scintillators + FO)

Muon detector to confirm GeV
gammas

Instrumentation will also be available to users for “Day-1” experiments
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US scientists already have key roles in the ELI-NP commissioning experiments

A Arefiev, F Beg (UCSD) — Laser-gamma conversion
D Gordon (NRL) — 10 PW LWFA theory

K Krushelnick (U Michigan) — 10 PW LWFA experiment

D Schumacher (OSU) — Liquid crystal plasma mirror & target
S Regan (LLE) — Plasma diagnostics



Gamma Beam System (GBS)



Nuclear Physics with Gamma Beam System

ELI-NP Gamma Beam System:

Inverse Compton scattering
< 20 MeV energy

< 0.5% bandwidth
~104YIsleV,

2 95% linearly polarized

Status: under contracting

: ==
separation threshold n, p, a, ff
———
——
— ! Z' N')
g.s. o
(Z, N) photoactivation

(2'+1,N'¥1)
Nuclear Physics:
Nuclear Resonance Fluorescence (NRF)

Giant/Pigmy Dipole Resonances (GANT)
Photodisintegration (y,n), (v,p), (v,a)
Photofission (y,ff)

Applications:
Nuclear forensics
Material science with positron beams,
industrial and medical application



Gamma experimental areas



NRF measurements — ELIADE setup

ELIADE

Gamma :

8 segmented Ge Clover det.
4 LaBr4(Ce) det.

Self-absorption measurements ([,/T",)
Low-energy dipole response (e.g. Actinides)

Dipole response and parity measurements for
weakly-bound nuclei

Investigation of the Pigmy Dipole Resonance
Rotational 2* states of the scissor mode

Constraints on the OvBp-decay matrix elements
of the scissors mode decay channel: °0Sm

Detectors and EDAQ ready
Mechanical structure ready
Ready for experiments — December 2019



(y,n) cross sections measurements — ELIGANT-TN

ELIGANT-
TN

Neutron: 28 3He detectors

Ready for experiments — July 2018



Giant Dipole Resonance measurements — ELIGANT-GN

ELIGANT-GN

Gamma: 30 LaBrzand CeBry
Neutron: 20 7Li glasses
30 Liquid Scint.

Day ONE:
studies of GDR and PDR decay (°°Zr, 208Pb)

- combine with information from (y,n) experiments

- combine with information from (y,y’) experiments
(e.g. Polarization)

- y-decay to gs and excited states as a function of
excitation energy

Detectors and EDAQ ready
Mechanical structure ready
Ready for experiments — December 2019



Supporting laboratories



ELI-NP Targets Laboratory capabilities

Deposition techniques Structuring techniques

Characterization



Production of nano/p-structured targets and of free-standing targets has begun
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Additional laboratories and workshops ready to assist user experiments

* Optics Laboratory

* Diagnostics Instrumentation Laboratory
 Dosimetry Laboratory

* Detectors Laboratory

* Radiobiology Laboratory

e X-Gamma Optics Laboratory
 Mechanical workshop

* Vacuum workshop

* Electronics workshop



Timeline and milestones

> HPLS contract signed
6/11/2013
LBTS contract signed
» 12/21/2017
HPLS starting of commissioning
P 2/25/2019
3/13/2019 complete ~711/25/2019
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Summary

The implementation of ELI-NP is progressing well

First laser experiments to begin Dec 2019

US scientists already have key roles in ELI-NP commissioning experiments
Strong US presence at 1%t ELI-NP User Workshop

US researchers can make breakthrough science at ELI-NP


















