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http://www.eli-np.ro/

Extreme Light Infrastructure — Nuclear Physics @ ELI

High-Energy Beam Facility: application of primary and secondary

sources of high-energy radiation and particles (ELI-Beamlines, Prague, CZ)

Attosecond Laser Science: new regimes of time resolution in broad
spectral ranges (ELI-ALPS, Szeged, HU)

<

Nuclear Physics Facility: ultra-intense lasers and brilliant gamma )
beams (up to 19 MeV) enabling novel nuclear and photonuclear studies
(ELI-NP, Magurele, RO)

Dedicated to NUCLEAR PHOTONICS
Fundamental physics research ...

... and applied — developing technologies with potential for:

Extreme Light Infrastructure (ELI)

L
e ] delivery consortium

characterizing laser-matter interaction with nuclear methods

particle acceleration with high power lasers
nuclear reactions in plasma

nuclear astrophysics and nucleosynthesis
guantum electrodynamics

medical applications (hadron therapy, X-ray imaging, medical use radioisotopes)
industrial applications (non-destructive gamma ray inspection, active
interrogation)

material studies with positrons )

ELI - the largest laser research center
worldwide distributed in three
countries (RO, HU, CZ)



Most powerful laser system operational in the world @ ELI-NP

> demonstrated power level 10 PW

> combination of 2 high-power lasers

> each arm has three output power levels:

100 TW@10 Hz
1 PW@1 Hz
10 PW@1/minute

12

10

Peak Power (PW)
[}

Demonstrated laser power level worldwide
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LFRC China
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High-power lasers the world

m ICUIL World Map
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Extreme Light Infrastructures — worldwide records
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Highest pulse energy

ICUIL World Map

Record ICUIL Status Peak Power Pulse Energy Pulse Duration Repetition Rate Gain Medium Country ::5)’
a
3 selected v operational (3) ¥ None selected v None selected v None selected v None selected v None selected v None selected ~ Maker
* ’ @0
Island NO{ge Suomi / Ff()land Russia
S;enge :
Canada
United Kingdom ".‘“f\ -~
. Déulschland oty A, T > \
. 3 Kazakhstan o B 3 ¥, T
5 / France % — \ Mongolia oy /
| 7 North Atlantic L 3 il iy Sz
- Ocean . JPeye- = “Dizbekiston,Kyrgyzstan ; B > pr
~ United States (Espaia Biocra Tiirkiye \ et People's Republic North Korea
O of America ( y Ly 3 , of China Sof@Xorea Japan
North Pz } “Voyria) ¥ r
0 x \ Tunisia & yan  Pfghanistan g
 NF f W Istael= Pakistan” ™.
Livermore Morocco”  pfgérie \ | / 43 ~ ‘Nepal.._
USA Q 2, g ) Libya Egypt 1 9 o
Facility: LLNL-NIF S ‘ L A 2 g Boredsh B o
Record: Highest Pulse Energy T Mairitania | ‘ Oman Worme?
ICUIL Status: operational o X | Mali T Niger ) . ). Vem g &
Peak Power- = 500 TW Guatemala T e B Chad ' Sudan Efitreast Yemen ) tNam' - Philippines
Pulse Energy: =1.8 MJ o i ol RIS, 03 ey
Pulse Duration: 4 ns Panama Siefr Leone ~ Ghana ;/ngena /S w7~ YEthiopia SriLanka
Repetition Rate: 1 shot per < 8 hours ) N ST et ¢ (Centrafrigue, ~
Gain Medium: ND:Glass Colombia L panare BoR N Malaysia
Central Wavelength: 351 nm fcugddr‘ Gabon Républigue [_Kenya Indonesia
Facility Full Name: Lawrence A & démocratique % \ T
Livermore National Lboratory, NIF { T R { Papug New.
Lat, Long: 37.690891, -121.70043 Perunn AU N0C A Guinea' i efands
Region: North America Yk Zombia
Year of Last ICUIL Update: 2018 ) o) Brazil e )
Facility Website: https:/1asers.linl.gov/ Boliviakay RO
Contact Name(s): Charles Osolin Vs mbabwe ladagascar New Caledonia
- " Paraguay Namibia =~
&) Ao G Australia
! ; 2South Africa
{ Y Indian
\ Uruguay: = Ocean
A South Atlantic
¢ Ocean
{ Argentina
1 New Zealand
E /Aotearoa
e-mail:mailto:osolin1 @linl.gov
2000 mi
: :
© MapTiler © OpenStreetMap contributors
IFIN- Map of all ultra-high intensity laser systems in the world that are known to ICUIL. To be on the map, a laser system must have a peak power of 10 TW or produce light that can be focused to an intensity 10219 W/cm2 or higher. Email icuil.world.map@gmail.com to
notify us about updates to laser systems on the map or to tell us about ultra-high intensity laser systems that are missing from the map.

]

physics



Highest peak intensity
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ICUIL Status: operational

Peak Power: 4.2 PW

Pulse Energy: 83 J

Pulse Duration: 19.6 fs
Repetition Rate: .1 Hz

Gain Medium: Ti:Sa

Central Wavelength: 800 nm
Estimated or Demonstrated Peak
Intensity: 1.1E23 W/icm*2
Comments: Publication on record
peak intensity:
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Facility Full Name: Center for
Relativistic Laser Science, Institute for
Basic Science
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Region: Asia

Year of Last ICUIL Update: 2021
Facility Website
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Contact Name(s): Prof. Chang Hee
Nam:; Dr. Seong Ku Lee

Solomon Islands

New Caledon

New Zealand
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Highest peak power
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April 13th 2023 - a landmark in the history of plasma physics

Extreme light intensity (10 PW = 1023 W/cm?)

10 PW
Parabola
LI .«! _ ' Extreme electric fields (10" V/m) Extreme light pressures (Thar)
Microsc_opsﬁ | 9 y , : ‘
objective :E" ‘, i : Strong-field QED Nuclear Physics with Lasers
10 PW laser + 10 PW laser + GeV 10 PW radiation pressure
solid target LWFA electrons acceleration of dense ion
First tests show focal spot below 3 um beams
0t |v \ fit
| A
§ mf l)’ \;_ ] _ . . .
A ~ 2.8 pm PW y-source Radiation reaction -
[ . Breit-Wheeler pairs Nuclear Ultra-intense
[ A QED vacuum reactions neutron source
| B L in plasma

| =102 W/cm?
> E=0.86x10"V/m
B=3x10°T

Laser field sweep away all electrons,
forming an electrostatic field




Laser-driven experimental setups — all operational
A I .,

Laser driven i . | - "*’-_! 53-—-_-_-(7
| - e, P e e
Nuclear Physics . [— ) \ b i R, KT

’

Material Studies, LWFA,
TNSA, RPA

High Field QED

NHiEEESEEREEAN INTEESE) ARNNFR TAAAEN 'TSESEI BNENEEN TRBERE. RERE)>
TEETELTEEEE T NEEN PN PSS . NS, AAGES ISP, PRSSERA

High Field QED

Photon-photon int.,
LWFA, X-ray imaging &




10 PW Highlights — lon acceleration

Protons Carbon ions

Al foil thickness scan Schematic of the CR-39 Stack

160
PM anti-ref I

140 improved CR-39 Teﬂon
> 120 0.3% ->0.1% Py 7
£ 100 I I
> I IIIIIIII
go 80 s
£ 60 i
L
§ 40 2 s
™~
2 2 ~10 PW = ~3.6 x 1022 Wcm2 M. Kanasaki et al., in preparation.

2 T. Sato et al., J. Nucl. Sci. Technol. 55, 68 (2018).
10 100 1000 10000
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H+ cutoff energy from Al and Au targets < 1.5 um
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PI: D. Doria (ELI-NP)

Collaboration: CLF-RAL (UK), ELI-BL (CZ), HZDR (DE), Strathclyde Uni. . Collaboration: Kobe U., KPS|
(UK), KPSl and Osaka Uni. (JP), UCSD (US)



10 PW Highlights — Fully ionized ions

Experiment at high intensity in E1 interaction chamber

First observation of H-like Ly, of Ni (Z=28) in laser
produced plasma (Collaboration with Osaka

Intensity, rel. units

Ithr: University)
_‘ = -3
1.0 1N' 9.0e22 cm He-a n
|T. = 3000 ev
| no self-absorption ‘ High ionization states at solid density are a
0’8'}—plasma sizeL=1pum ( paramount in plasma physics since it opens the
{A/6A= 2300 w possibility to investigate states of matter that are
0.6 similar to those existing in stellar environment.
0.4 -
For the first time a fully ionised plasma of Nickel
atoms at solid density has been created and fully
24 : :
H characterised through the measurement of Ly, line
indicating a temperature of 3'keV/ at a density close

I 1
1.52 1.54 1.56 1.58 1.60 1.62 1.64
wavelength, angstrom

Courtesy of T. Pikuz



10 PW Highlights — High energy electrons and gamma rays

Electron acceleration using 60 mm gas length , He+N2 2% gas

Interaction chamber E6 — gas targets

RAW image of the .
. Zero-point
Lanex scintillator screen |

shot 162 - 01.11.2024

Electron spectrum

0.1

High-energy gamma rays following Inverse Compton Scattering
0.01

dN/dE (nC/GeV)

Gamma from Inverse
Compton Scattering —
0.001

LYSO matrix detector 0 3 4 6
Energy (GeV)

Sketch of the ICS setup

Gas-jet

008
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00¥
00¢

Laser
!

w Collaboration with Weizmann Institute, CLF-
g RAL, QST-KPSI, Osaka University

00¥ 00€ 00 00}

Nozzle
Courtesy of D. Doria



Laser — driven medical applications research

Laser-driven ions for hadron therapy
100

50|

Proton beam

Relative dose (%)

Cancer lesion |

0 5 10 15
Depth from the surface of the body (cm)

Heavy ion (carbon ion) beam

10 PW-class lasers have potential to
accelerate particles and heavy-ions (p, «, C,
N) to therapeutic energy and dose, at
ultrahigh dose rate, in few um

laser-driven ultra-high dose rate heavy-ion
irradiation can enable the FLASH effect
(healthy tissue sparring) (101 Gy/s)

Proposed medical focus on long term: start
from skin-level cancer, progressing to HNC
and breast cancer (#1 cause of cancer
mortality for women)

Cofinantat de
Uniunea Europeana

A

Absorption

g

Interferometric

~

Conventional, absorption-contrast X-ray
imaging has poor visibility of soft tissue
tumors

Phase-contrast X-ray imaging investigated

as alternative

Method requires intense, directional,
short—pulse and spatially coherent X—ray
source: 100 TW class lasers can do this

Proposed medical focus: breast cancer and

later lung cancer

Dr. LASER i,

/IR

Interferometric phase contrast X-ray
imaging

Medical interest radioisotopes
production

Radioisotopes have a central role in
nuclear medicine, for the diagnosis and
treatment of cancer (40 million
procedures/year)

High power lasers offer an
advantageous alternative for
producing medical radioisotopes due
to their ability to accelerate different
types of particles

The "on-site" production of medically
important short-lived radioisotopes,
such as 11C, 13N or 150, is difficult with
conventional accelerators, but becomes
feasible with lasers

100 TW-class high repetition rate laser
sufficient for radioisotope production

X ¢ Program Sanatate
@ ®



Interferometric phase contrast mammography with laser produced X-rays

|
Self-synchronized “all-optica
(P Tomassini, ELI-NP)

6 m length 2.4 um period grid interferometer at

ELI-NP

Predictions confirmed by experiments with
conventional X-ray tube — 2 mGy
750 pm

1120 um

400 pm

N Safca et al Phys Med Bio 2022

Predicted interferometric images of 400 um breast glandular tissue in
adipose tissue, with 6 m length 2.4 um period interferometer at 33 keV

2 mGy 0.2 mGy 0.02 mGy
(3x10'° photons/shot) (3x10° photons/shot) (3x108 photons/shot)

I"

ICS scheme

5J25fs

2)/25fs

3)/25fs/LP

Stretching

X-rays

L\ 2.4)/25fs

1.5)/500fs

ICS OAP LWFA OAP

10° photons/shot in 20-60 keV band, 20 mrad cone,
2.5 um diameter 5 um length X-ray spot (coherence)

Interferometry with directional and
intense laser-based X-ray sources to be
developed towards clinical mammography
(<1 s exposure)

7 %107 X'photons spectrum
6F
Sl ™ a0 P - (ring 2 ot
o s | | 3
etector x a4}
° A
. 1F
* Strongly enhanced soft tissue contrast at low dose
. . .
0 50 100 150

predicted for interferometric phase contrast imaging
with multi-m long, um-period grid interferometers

* Potential for ultrasensitive, low dose mammography

Energy Ex[kevl

D Stutman et al SPIE 2023

PIC simulations predict “all-optical”

Cofinantat de
Uniunea Europeana

%" m) Program Sanitate
@ ©

Inverse Compton source with 200 TW
laser adequate for clinical
interferometric mammography

Courtesy of D. Stutman



The Gamma beam system

Laser Compton Backscattering off | Solution Energy up to: 19.5 MeV
e e ae RF electron linear i- ic: <0.59 . i
relativistic electrons i Quasi-monochromatic: < 0.5% rel. bandwidth
accelerator and High spectral density: > 5000 photons/eV/s
optical cavity High-degree of linear polarization: > 95%

Scalable System for Radioisotopes
Gamma Beam System .
Production

- Commercial contracts
- Collaboration with INFN and

- Local personnel

Laser — electron collider

N =Lo;

=0.67 - 102 cm?— very small

X B g o b T e il YN .o s s tiill] R .0 = M Vi
O O IR SN INNNN SN SNESN /NEEE SESES
D T s 1 1 I8 T 1 7 7 BT 77779 777797777 ¥

g Cold cathode manual 551/sion
55 I/sion pump 75 I/s ion pump pneumatic gate valve gauge anglevalve  pump

L= NN ———== f—needs to be very high
4no’

X

To be completed in 2026




Gamma-driven experimental setups

ELIGANT-GN
* 34 LaBr; & CeBr,
e 257Liglass

* 36 liquid scintillators

Gamma beam diagnostics
* energy, flux, polarization

E8: y beams
Photonuclear Reactions

ELIADE

Gamma-Ray Imaging

8 HPGe segmented clover
4 LaBr(Ce)

ELISSA

DSSSD

----------------------- S BNNER TR FNNRRS SRRRS
SWEFLARENNE ISOPV . R UNSRTRENS

ERA: positrons
Material Studies

Physics Case: photonuclear reactions

Pa

rticle

separation

g.5s

E— ]
thrEShglds— - oo o e \::l pl al ff

A

- =N

photoactivation
(Z,N) (Z’+1,N'F1)

Nuclear physics

e.m. dipole response of nuclei
Nuclear structure

Pygmy and Giant Dipole Resonances
Photonuclear reactions cross sections
Nuclear astrophysics

Photofission and exotic nuclei

Applications
Industrial imaging
Radioisotopes generation
Material studies with positrons



ELIFANT — Gamma-ray spectroscopy — at IFIN-HH 9 MV Tandem
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23 LaBr;/CeBr; — used in the ROSPHERE
array replacing HPGe detectors in the AC
shields

Three experimental campaigns (2022 — six
months; 2023 — three months; 2024 — five
months)

16 experiments successfully carried out
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ELIFANT — Gamma-ray spectroscopy

Direct observation of competing M1 and M3 transitions in 1°B

18(p, p')1°B* @ 9 MV Tandem IFIN-HH A = 1,(M3)/1,(M1) = 2.5(1) - 10
» 10B target (99.24% purity) 30 mg/cm?

» 23 large volume LaBr3:Ce/CeBr; and 2 HPGe (high efficiency setup)

Branching AtIOS | e 2 39234
10°
N3LO NN
> 10*
__________________________ 1+ 2487.3 E
437 <
2869 | Vopopmmte—m g ST T RS L & 0" }2050.3 =1
=
3587 =
S, ML:0 =1
1555 F
50 r
10k
__________________________ £ |gate 414 keV
777777 1+ 495.0 e e T
- 1000 2000 3000 4000 5000
S 0 720 Ve XX 3+ B o0 Energy [keV]

Experimenta NCSM

v' A. Kusoglu, D.L. Balabanski et al., Phys. Rev. Lett. 133, 7 (2024) v'A. Kusoglu, Sci. Bull. 69, 3303 (2024)



ELIGANT-GN - Triple neutron correlations in spontaneous fission

252Cf source

pioneering results

FREYA calculations by J. Randrup, LANL

V2
v, v
. _"1 _V V2 ———V,
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2 - — o
S T _ i
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I+ \® B —
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36 Liquid Scintill 0 40 80 120 160 0 50 100 150 200 40 80 120 160
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25 Lithium Glass

gamma dets:
15 LaBr3, 19 CeBr3

D. Choudhury et al., Phys. Rev. C (2025) to be submitted

* New measurements ongoing for double and triple neutron correlations
with fission fragment vectors

e 16x16 Si strip detector used for the fission fragments




ELI-NP as User Facility

Access based on scientific excellence — since 2022 four user calls in comun cu ELI ERIC

ELI-NP Program Advisory Committee (PAC) — international experts

China 2

Japan 5
United States 5 Israel 5

Indjg 5

Romania:2
< United Kiizg

65 Proposals from 12 countries for
the period 2022-2024

1st Call
2nd Call

3rd Call

5th Call

0 5 10 15 20 25

m100TW m1PW m10PW

Mission based access — startegic research in the benefit of society
Approved by ISAB Research for the project Dr. LASER — medical applications

Research in the field of inertial confinement fusion — applications in energy

Proprietary access
Payed access - Limited to 5% of the total access time




ELI-NP as User Facility

> X ser ice
el Yasrom

nuclear physics ELI-NP website

User Office
Experimental Facilities

Beamtime Application
Process

Beamtime Allocation
Beamtime Schedule

Call for Proposals

User's Guide »
Welcome to the ELI-NP User Office

The User Office at ELI-NP is a gateway for users to access beam time and to foster the community that relies on the equipment at ELI-NP to further

their scientific goals Whether you are a new user or a returning user, you are invited to access information about the faci 1‘ and instrumentation

I'?H"i’k’} U"()U()Siii submission H(I)H”{Jil()}‘, and contact details via the User Offic

Contact Info

Head of User Office: Dr. Sophia CHEN

Be
0
T
m
@

For further information on conditions of participation in ELI-NP experiments, please contact &% users@eli-np.ro

https://users.eli-np.ro




Highlights

= 2019 - demonstrated the capability of the lasers to deliver 10 PW pulses

= 2020 - transport of the 10 PW laser pulses to the interaction chamber and characterization

= 2022 - open the gates for worldwide users in collaboration with ELI ERIC — selection of experiments based on
scientific merits at 100 TW and 1 PW

= 2023 - first time in the world focusing 10 PW laser beams on target

— ELI-NP becomes institutional member of NUPECC

= 2024 - Romania becomes becomes Founding Observer of ELI ERIC

— first experiments at 10 PW

= 2025 - start of project on Medical applications of high-power lasers
= Gamma Beam System under implementation - first beams 2027

= Use of ELI-NP detectors for nuclear physics experiments at the IFIN-HH 9 MV Tandem accelerator



Events

Nuclear Photonics 2025

October 6 - 10, 2025 in Darmstadt, Germany

The 5th Nuclear Photonics Conference

Oct 6-10, 2025
TU Darmstadt Q

Europe/Berlin timezone

Deadline for early-bird registration is July 18, 2025.

Overview

Scope

Committees
Keynotes
Registration
Conference Fees
Important Dates
Practical Information

Code of Conduct

Local Organizing
Committee

X np2025@ikp.tu-darmsta
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EUROPEAN UNION

Project co-financed by the European Regional Development Fund through the Competitiveness Operational Programme
“Investing in Sustainable Development”
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nuclear physics

www.eli-np.ro

“The content of this document does not necessarily represent the official position
of the European Union or of the Government of Romania”
For detailed information regarding the other programmes co-financed by the European Union, please visit

www.fonduri-ue.ro, www.ancs.ro




