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ELINP in-a nutshell el

2 x 10 PW High Power Nuclear Physics
Advanced studies in basic science ... Laser System Laboratories and Workshops

characterization of lasematter interaction with nuclear methods
particle acceleration with high power lasers

nuclear reactions in plasma

photonuclear reactions, nuclear structure, exotic nuclei
nuclear astrophysics and nucleosynthesis
guantum electrodynamics

... and applicationg; developing technologies for:

medical applications (Ky imaging, hadron therapy,
radioisotopes generation)

industrial applications (ncdestructive studies with) ; \
material studies with positrons e
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materials in high radiation fields

Laser Beam Transport System Variable Energy Gamma System

Our mission

A To produce science at the forefront of knowledge and generate innovation with important benefits for society;
A To attract best users from the international research community and engender a range of excellent scientific result:
A To act as a hotspot for science, innovation and development;

A To inspire younger generations and stimulate education and development.



E1 10 PW @ 1/min

Laser driven HPLS

Nuclear Physics

10 PW
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E6 10 PW @ 1/min
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Nuclear Physics

ES51PW @ 1Hz
Material Studies

E4 0.1PW@10 Hz
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High Field QED

ERA positrons
Material Studies

Photon-photon int.,

LWFA, X-ray img.

E3 X rays
Test/develop
instrumentation
and technology
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ELINP High Power: Laser. System (HPLS) i eli

Nuclear Physics

22800 m? 1SO7 clean room HPLS two arms system (independent or combined)

e by

October 10th 2

Laser Beam Transport [y

Unique system in the world: power,
System (LBTS) 10 PW

Intensity, number of beams, versatility and

flexibility Final acceptance:
- demonstrated power level 10 PW December 2020
- combination of 2 high power lasers A2x 10 PW + 1 PW

Premiere achievements:

- large Ti:Sapphire crystals 20 cm

- large compressor gratings meter size
- ATLAS pump lasers 100 J

- 10 PW laser beam transport system
- 10 PW beam-dump




HPLS +LBTS' @ 10P\Wdvember 17,2020

Inaugural 10 PW and User Symposium T Moving into Uncharted Territories
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Implementationt Operation 20262023

100 TW Comm. Exp. E4 ey
1 PW Commissioning Exp. E5 ﬁll
|
1 PW Commissioning Exp. E7 : : E—
10 PW Commissioning Exp. E1 :h
10 PW Commissioning Exp. E6 : E _
Flagship Exp. (IMPULSE) : | ———
Lo
. : I > user 1 PW
&
Commissioning experiments b Lser 100 TW
100 TW (E4): 2020-2022 Four-wave mixing in vacuum, in search of dark matter candidates
X ray production through betatron emission
1 PW (E5 & E7): 2022-2023 Benchmark TNSA proton acceleration
Benchmark LWFA electron acceleration
Optimization of high charge, stable electron acceleration
10 PW solid target (E1): 2023 Demonstrate extreme focal intensity through laserd c o n v e r ®i loans h i)
Demonstrate over 200 MeV proton acceleration (neutron generation addzn)
Dense heavy ion beams for nuclear physics
10 PW gas target (E6): 2023 10 PW laser wakefield acceleration of multi GeV electron beams




Studies under Extreme Conditions €l

Nuclear Physics

Extreme light intensity (10 PW 1072 W/cm?)

— ~

Extreme electric fields (10 V/m) Extreme light pressures (Tbar)
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 beams
7 \ N

PWT -source Radiation reaction Nuclear Ultra-intense  Neutron-rich
Breit-Wheeler pairs reactions neutron nuclei
QED vacuum in plasma source

A Goals of commissioning experiments:
- physics based validation of laser system performance
- develop particle beams for nuclear and QED experiments and applications



LGED department
(Head of LGED: Ovidiu Tesileanu)

TURNBOX VACULM
ENCLOSURE TB5

Loose focus station

100 TW:-Experimentalarea E4

E4: 100 TW

Contact Person: Madalin Rosu
Email: madalin.rosu@eli-np.ro

TURNBOX VACLAM ENCLOSURE 181
11516 S

: 1_lncoming

el

Nuclear Physics

100 TW area infrastructures

2 interaction chambers in stainless steel (HV i VE1 and
UHV 1 VE2)

5 turning boxes

10 turbomolecular pumps (maglev), 1 cryo-pump
Integrated control system, automatic / manual modes
VE1 typical pump time: 60 mins; venting + opening: 45
mins

Possibility to control the vacuum level up to 10-® mbar
Large soft-wall cleanroom T equiv. ISO7

Local Nd:YAG laser: ns pulses, max. 3J at 1064nm,
1.3J at 532nm, 0.9 J at 355 nm

Large Optics available

A 6060 flat mirrors w/
A F = 1500mm off-axis parabola, AOI = 6.25°
A F =520mm off-axis parabola, AOI = 7.5

To Po Po T T I Io

mot o

Other components for the setup

A movement stages and detectors, optical tables,
optical diagnostics available on-site

https://users.eli-np.ro/experimental facilities.php
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First'Experiments at'100/1¢/2020

Electron acceleration in gas jet & betatron X-ray emission

nozzle

&Ghadowgraphyo
The image of the gas jet at the
interaction with the 25 fs laser pulse

Gas: pure He or He + 2% N,
Pressure: 10 - 20 bar

LWFA electron acceleration

courtesy of D. Doria, P. Ghenuche, M. Cernaianu
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Max Energy: < 2.5 J

Pulse duration: ~ 25 fs

Central wavelength ~ 810 nm

Beam diameter: ~ 54 mm

Laser pointing fluctuation: ~ N7 erad

Parabolic mirror: 1.5 m focal length (F# ~28)

Spot size diameter: ~ 22N2 em at FWHM
Encircled energy: ~ 70% @ 1/e?

l, ~ 10%° W/cm?

A acceleration field of ~1 GV/cm
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Dark Matter (Axion)-Search at-SIE Ml

The Commissioning Experiment at E4

ub mJ experlment

10° £
10
. Search for resonance states at ~ F S APPHIRESO0
d-+ f\,\/\/\v—-—*:; ;“z very low energies. There are 3 o E
‘\‘ ,,,,, ‘.-_""- - . : -9
| ;e 1o theoretical rationales to expect 3,
i SR 1 ([ L —
f ' : 10 | e
e sub-eV particles. 7 BT e jon  Target search
lo o P 107 ~Haloscopes Qe &t area at ELI-NP
: . . 107
A Quasi-parallel colliding system (QPS) between two incident photons ol v e e e
107° 10°° 10 107° 10°° 107 1
A Signature is produced via the four-wave mixing process m, [eV]
.. . . . Search for sub-eV axion-like resonance states via
A mIXIng two-c o I or wayv es wi t h d I eur mmadvarfcq w q uen stimulated quasi-parallel laser collisions \:litt:hsthe

focus

effects with High Intensity laseRs in Empty Space):

A Japan: K. Homma (Univ. Hiroshima) & students, S. Tokita (ICR Kyoto)

A Romania: LGED Experiments group, local Pl Y. Nakamiya

A Ongoing data analysis from the commissioning experiments in E4

SAPPHIRES collaboration (Search for Axion-like Particles via optical Parametric

parameterization including fully asymmetric collisional
geometry

PUBLISHED FOR SISSA BY ) SPRINGER
RECEIVED: August 23, 2022

A
b
il
W

ctobe 2
ISHED: October 27 2022

Search for sub-eV axion-like particles in a stimulated = @2"

agu,”™
resonant photon-photon collider with two laser beams ¢t ang
based on a novel method to discriminate

pressure-independent components

Y -

' ) m 'IN- /u/)
The SAPPHIRES collaboration 7125, Rol



DM search: Progress and Perspectives €

A First beamtime (Jubpug 2021): tuning of the system, first background measurements

A Second beamtime (Septemb@rctober 2021): 4wm background S
identified independent of vacuum levelsearch for ways of mitigation

A Third beamtime (NobDec 2021): two mitigation methods for background
iImplemented and tested with good results

A Fourth beamtime (Ma#pr 2022): background characterization at 2mJ and
20mJ level, DM search measurements at 20mJ pulses

A Last beamtime (Jurduly 2022): DM search measurements with 20mJ pulses

A TheSAPPHIRESIlaboration will apply for continuation of the DM search experiments at the XQUETW
and then at 1PW areas at improved vacuum (UHV chamber in E4) / increased energy per pulse conditic




1 PW Experimental Area E5

ES: 1 PW 1 PW area infrastructures
LDED department C P - Mihail C i — . . ..
(Head of LDED: Domenico Doria) Er?wlr;i?:crtnihzlri?.((ngrnalia(rj:lu@irlirjr?;)e.lpcgJ ﬁ ; {nalr_] mt;:ractlor ZCTambeL(Clg In Azl(l;rzmr(]‘g;n tainl teel
. . Incoming urning boxes arge chambers : in stainless stee
A 9 turbomolecular pumps (1 cryo-pump on demand may be
7 % possible)
v D'- q A Integrated control system, automatic /manual modes
a A C1 typical pump time: 90 mins; venting + opening: 60 mins
A Vacuum level up to 10 mbar
A Small soft-wall cleanroom i equiv. ISO7

Large Optics available

A 1206x8606 rectangul ar fl at
A F = 5000mm off-axis parabola, AOI = 45°

A F=707mm off-axis parabola, AOI = 22.5°

Interaction....

chamb__g___r_x
—N

Other components for the setup

A movement stages and detectors, optical tables,
optical diagnostics available on-site

https://users.eli-np.ro/experimental facilities.php
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The 1'PW TNSA results

First operation in 2021

lon acceleration from solid targets (P.l. Nh.ernaiany

AThickandthin foils (e.g. Al, CH, DLC)
AF=710mm parabola
AMax. proton energyattained of50 MeVwith SPM

AMax. ion energyattained: carbon iorl5 MeV/nfrom DLC target with SPM

Shot parameters with plasma mirror

Laser beam power: 23.1J, ~26 fsE 880 TW
Intensity on target: ~ 4 x1021 W/cm?
Target: 1.5m Al foil

Radiochromic film stack Thomson parabola data

H+ g
a@

~30 MeV H+ 4
/

Laser beam power: 19 J, ~75fsE 250 TW | ‘r’ l
Intensity on target: ~ 1 x102! W/cm? .
Target: 380nm DLC (built in house)

Radiochromic film stack

el

Nuclear Physics

Experlmental setup

~— Pem(le for BR,
Optical — n:‘ filed
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Thomson parabola
~38 MeV H+

CR39 show £> 50 MeV

) Proton ~38 MeV
« . Carbon ~15 MeV/n

Proton density ~ 102 protons /cm?



The 1°PW LWFA:results €l

Nuclear Physics

First operation in 2021 Experimental setup

Electron acceleration in gas targets (P.IGhenuché

Electron deviation on

A Gas jet targetandgas celfrom 2mm to 2 cm long

A SourceLalvariable metal gas cell, fix 3D printed gas cell, 2 mm m¢
gas jet

A Pure Heand admixtureHe +2% blwere used

A F=5000mm parabola

A Max. electron energy obtained with bottielium gas and admixture %
2T F H DS+

A Electron diagnosticsspectrometer (up to 3 Ge¥)30 cm long dipole
magnet with 3 cm gap and ~1 Tiéld, and a Lanex screen

Zero

D 1208 pointing(mrad)

40

30

|I|‘|.|\.I|I. .|l‘...|nn|l)l|”. ‘..||I‘

1 3 5 7 9111315171921 2325272931333537394143

Lanex Signal [a.g)

N

500 BOO 1100 1400 FOO 2000 2IOH  FEO0H OO0
Electron Energy (MeVv)

Electron Beam Energy Spectra for pure He Shadowgraphy and WFS (plasma Electron Beam Pointing in a typical day from gas admixture
channel)

T s

L=




1 PW:Solid target.experiment diagnostics €l

Nuclear Physics

Main diagnostics:
A 16 RCF stacks

' '3316‘ A TP lon spectrometer: online LANEX readout or IP plates.
o A Laser specular and back reflection energy measurement
e N/ i b [ies Rii ) A A Specular and back reflected laser spectrum
f:;‘n'illf:"; e il M .uy - A Laser near field (full aperture), Far field, Energy, Spectrum
) = - (pickup) onshot

- .

A Plasma probing: Shadowgraphy, Interferometry
A Pulse duration (Laser bay and Experimental area)
A Temporal Contrast measurement

Bench ODB Ioﬁ—“

“Optical Di'agnost';c—] s . = : ‘
I ] ‘. 1\_ A,‘,; ‘ % B '
. L3 2 ;',4" . ctrometer %ﬁowgraphv

Multi T Target system: Al target foils mounted on holder

Before shot _
32 targets loaded for a day of shooting After shot - exploded

Microscope objective for target
alignment and focal spot optimization

1 ¢ malignment precision




1 PW Commissioning @1 Hzrepetition rate-using-a tape targ eli

“w Nuclear Physics

TNSA experiment at high repetition rate

Tape target system developed by RAL UKRI within the H2020 IMPULSE project tested at ELI-NP in

collaboration with ELI Beamlines and STFC
Image Plate

proton cutoff energy
of about 25 MeV with

a shotto-shot energy
variation ofNL0%
‘lh i it
M
}T .. 000 '

proton cutoff energy
of about 7 MeV with
a shotto-shot energy & e’
variation ofN6% RS

M 0 m thick proton traces of 33 consecutive proton traces of 7
Kapton ribbon | aser beam produced shots at 2 J laser energy consecutive shots
running at 11 hole delivered at 1 Hz at 20 J delivered
mm/s at1lHz

Courtesy of Domenico Doria
and Mihail Cernaianu



Commissioningof 10/ PW. experlments in EL-an el

LBTS
| =
= %
Overview 3 W\ ( ,///
%’7
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=" ° 1 [ = e ,——-::‘L X — '
1 90 —— : :
f ,t;:ﬁ ;

Large Optics
- 30 m focal spherical mirror

- 1.5 m short focal off-axis parabolas
The installation of the short focal mirror in E1 area is done along with full diagnostic ber



Preparation of 10 PW E1interaction.chambel ) eli

Near-Field on parabola

Nuclear Physics

E1 chamber: short focal mirror

Microsc_opil

objective




Preparation of 10 PW E1interaction.chambel ) eli

FAL, CW 810nm 200 mJ

Nuclear Physics

HPLS

|
I -
Near-field _ _ Far-field ! Near-field Far-field
|
|
|
|
|
|
|
|
|
|
— |
20 1J, 25 fs 40 P, 25 fs .
HPLS Near-field profile HPLS Far-field profile
| FWHM ~ 2.8 um
1 25000:— —_@Gaussian flt
g éJSODOf—
) FWHM 49 cm ” : wm?
1 5000

Distance (mm) Distance (um)



1000

Maximum proton energy (MeV)

TNSA regime : accelerating protons above 200 MeV expected by ISAB

FirsttExperiments at'10'P{A2023

(theory € sub-GeV proton and 100s MeV/u light ions)

TNSA scaling law and state-of T the-art

=
o
o
()]

100

Revisited from

A.Macchi, M. Borghesi, M. Passoni,
Rev. Mod. Physics, 85, 751 (2013)
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B Tokyo ELI-NP 10 PW : B
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: D YOkOhama nuclear physics :
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el

Nuclear Physics

Computed particle spectra at

I=5x1022 W/cm?Zat ELI-NP
0.5umCH

KE_gheciron
Erties 1878762807
Mean 1%
S Dev 2%

Kinetic

Energy
(MeV) Courtesy of D.Sangwan



ELINP GammaBeam Experiments: el

Implementation: status
ELIADE | ELIGANT-TN ELIGANT-GN ELISSA

PEir

Installed in E9 experimental area

Installed in LP51 laboratory

Ready for use Ready for use 1 end of 2019

Physics Case: o

u  Nuclear Physics u  Applications
u  Nuclear structure u  Industrial and medical imaging
u  Dipole response of nuclei u  Medical Radioisotopes

u  Pygmy and Giant Dipole Resonances  ,  Material studies with positrons

Installed in E8 experimental area u  Photonuclear reactions cross sections

Ready for use i end of 2019 u Nuclear astrophysics Installed in LP51 laboratory
u  Photofission and exotic nuclei Ready for use 1 end of 2019



ELINP Gamma Beam Experiments el

Implementation: status
ELIBIC ELI IGISOL

mini eTPC ELITHGEM
Installed in LP51 laboratory Under tests at ELI-NP Under tests at ELI-NP Under development
Built with U.Warsaw Design ATOMKI, Debrecen Design ATOMKI, Debrecen Development with GSI

Ready for use Ready for use i 2023 Q4 Ready for use 1 2023 Q4 Prototype design i 2023



ELINP Gamma Beam Experiments el
Implementation: status

PAES CTand R

adiography Applications

Y oy —— :
t 7 ;"" - ' ‘
o Cam
" | P 1
M i .
1 :
& 1 4 > .
N - e

Installed in ERA experimental area Installed in LP51 laboratory
Sigma Surface Science Germany Motionlink Ltd. UK
Ready for use Ready for use 1 2020 Q3



Collaboration with Polish groups within the garar..* et
beam research

University of Warsaw (Prof. W. Dominik) i see presentation in afternoon session
A The collaboration was established with the start of the project

A The Univ. Warsaw team participated in the preparation of the TDR on charged-particle detection
A Joint project to design and construct the
the mini-TPC detector for ELI-NP Romanian Reports in Physics, Vol. 68, Supplement, P. S699-S734, 2016
A Design and construction of the ELITPC as CHARGED PARTICLE DEIECHON ATELINP
In'kl nd Contrl bUtlon 0. TESILEANU?Y", M. GAI®, A ANZALON]?. C. BALANI_. 1.S. BIHALOWICZ®. M. CWIOK®.
A Nuclear astrophysics experiments at HI2S, Duke C0%ﬁg%%_ngffggfﬁ%ﬁ?%L VATUEWICZ:
Univ. with the full scale prototype of the ELITPC ' —

IFJ PAN (Prof. A. Maj) i see presentation in afternoon session
A Long-standing collaboration in studies of large-amplitude motion in atomic nuclei
A Joint participation in experiments in different laboratories
A The IFJ team took part in the first in-beam tests of the ELIGANT-TN detector



Jointproject:with University of Warsaw:-TheNBRI[Time’ Projection .Chambey eli

Nuclear Physics
1. The ELI Time Projection Chamber 2- The active volume is 1000 cm? 3. Vertical reconstruction is done 4. The read-out anode is segmented into 3

(ELITPC) is a gaseous detector in which and and uses 3 Gas Electron by adjusting electron drift speed. planes, U-V-W with each plane having 72

the gas acts at the same time as a target Multipliers to amplify the electron channels.
for the nuclear reaction and detection Signal.
medium. It can be used to digitally
reconstruct trajectories of particles as
they translate through the active volume.

Charged particle

Anode- and charge @ ionized atom

readout plane ® lonization electron
+ Alpha that scattered
vent-30: Raw signals from U strips vent-30: Raw signals from V strips PC 2-CoBo AsAd (m) ACtiVe volume
§ o LI B 3 £ 10° Linux OS Zynq SoC s
E b g “F 3  AGETO ﬂ
nE . AGET1 —> ?
S0 10° 60 10 EEtecCeniey 1(3:/::(::met’v EnEedced r ASER =" ; ! ; ] l
“ - J IO = 12270
F 10 : : | Commands 2 UiESipary gg}g‘ se L
2 - 1N | = a . Transfer
105 wls < n
‘ 105 getEccClient =S ] £ Z:;: :m) ( Fir;nw:r; ) E GEM
00200 300 400 500 00 200 300 400 500 or =3 : = AsAd’s FPGA) | & N
Time ul Time bin [arb.u. S|E 2 — ) @ n T fi
Event-30: Raw slgmluvomwmlp:m - _wwﬂ " Setconelier 8 % i EE O : ::I::dclonlt: Iﬂ :g:- r:;SMer
] A REIATARRRRR! | 1o 2 JIHIC * Cikdistibution | 3 ql_—
. ; 9 Firmware i : Transfer
dataRouter (FPGA part) : : | R———— ] -— T -—
6. The information of each event for the U- e N . B \,-—<}J
. . \ 1 \ |
V-W data is reconstructed into a 3D , I —— - N V\/
kinematic reconstruction, using ROOT. _ _ _
Bragg peak data is used for particle 3 bt D) 5. When a trigger is detected, complex GET electronics are used to store the
et charge information from segmented anode and written in channel order as data file.

identification.



Joint projectwith University of Warsaw:-TheN#R[Time Projection.Chamber, LU eh

uclear Physics

The ELITPC chamber, cage and detection system are built as in-kind contribution by Univ. Warsaw. The ELI-NP contributions are:

ASAD Boards Recirculation Gas system

nmmassmenwnnennst | Ne ELI-NP - Gas Recirculation System  will
allow the usage of different gases and
mixtures, which can either be difficult to
discard or are too expensive for one time use.
The system has a buffer volume which is
loaded from the gas supply, then this buffered
gas is consinuously recirculated and filtered
through the TPC system. This system is

— indispensable for using exotic gases,
= [s| which will enable exotic reactions to
J E be studied. The Gas Recirculation

The ASAD boards represent the front-

end GET electronics of the TPC.

A AGET chip: 64 channels, 100 MHz
sampling with 512 time-cells of analog
SCA memory per channel (capacitive
charge storage for collected electron
signal). adjustable gain & filtering per
channel.

A 4 AGET chips on each ASAD board,
together with an FPGA chip to handle
the data flow and a parallel 4 channel
ADC.

A each ASAD board can sample 256
channels

System will be fully automated with
E its dedicated Slow Control interface
. and is designed to integrate with the
future ELI-TPC.

While the miniTPC only uses one ASAD board, the future ELI-TPC will use 4
such boards. These boards will then interface with the CoBo DAQ board,
which uses another FPGA to handle data flow from multiple boards and can
output a processed ROOT file.




meli

Nuclear Physics

Optics Laboratory (D. Ursescu

Bio Laboratory (M. Voda

Laser Experiments Diagnostics Laboratory (V. Nastasa)

A laboratory support for testing and setting up diagnostics,
and processing/analyzing detectors/films (e.g., CR39 etching)

Target Laboratory (V. Leca) Dosimetry Laboratory (I. Mitu)

A target laboratory support for Personnel and area dose monitoring
fabrication and characterisation Radioprotection training
of solid targets

vacuum

http://www.eli -np.ro/labs.php 28




