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ELI NP - EXTREME LIGHT INFRASTRUCTURE NUCLEAR PHYSICS ROMANIA '»»» d]

nuclear physics

Budget
2013-2022 N ¥/ ()
nnin
Large Instruments m ; . —— B ()
» High power laser » 8 experimental rooms
system : Laser system for gamma, laser and
2x10 PW gamma-laser
» High intensity gamma » Laboratories

beam system

Building (2013-2016) LBTS

33 000 m? 10PW beams
transportation
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nuclear physics

High Power Laser

SYSme ES1IPW @ 1H2

E40.1PW @ 10Kz
E6 10PW

E2 NRF

E3 Positron Source

User rooms +labs Gamma Beam System
80m »>

B
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SYSTEM BREAKDOWN STRUCTURE

Front - End

|  Compression and diagnostics N
o 100TW@ 10 Hz IPW@1H:  10PW@ 1/60 Hz
|t @t I0M 1ine ~ ol
el
N,
|
R L L ot 0RO Pump
>10m @ ~ 15 ps, 0 2
| Tsmi@=15ps 10m: ]
e g e ..‘.4 I Amp 1.2 .;.4 aLie
Amplification arm Amp 1 >35/@10H:  Amp2 >30/@1Hr | Amp3 >300 @ 1/60 Hz
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HIGH CONTRAST FRONT-END

From oscillator supplier

Ti: Sapphire Ti:Sapphire

— amplifier - xpw | swerher ||  psmnopera e

oscillator ‘
- e e — S
- ---.’.0.‘5."_”.’1’[:'!?’3’.”.---1 = H >80mIES32nm ~20ps 10Hz |
Fiber amplifier

| OPCPA pump

|| rFeofiter |
| 1 |

| Fiber amplifier

| j' Regenerative Amplifier

“L120mIER 106 3nm “25ps 10M2

L [

NAIYAG Beam NdIYAG double pass
Amplitier

shaoloe
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EXPERIMENTAL RESULTS
] OPCPA

» Energy>10mJ

» Pulse duration ~ 20 ps

» Bandwidth FWHM > 75 nm (FT < 20 fs)
» Repetitionrate : 10 Hz

» Short term stability < 1 % rms over 500 shofs.
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CONTRAST RESULTS

Contrast improvement by 7 order of magnitude:
* 4 order thanks to XPW
* 3 order thanks to OPCPA

i

: : weex | 31 grder cross correlator noise floor
------------- 1ees | limits the measurement dynamic
(%

I

X
$ | 1 B
CPAt-——— AL N "
......... R e un .'-\‘!
LE<8 .
CPA1 *Cli%)?é stages = M"‘s e
v Ay - =
CPA1 +XPW+ OPCPA stages, 4., . . .
oA A §s A LEAZ y
! ! LE2S :
-0 -30 -0 -10 0 10 20 30 40
Delay (ps)
Compression achieved directly out of OPCPA stages
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. POWER AMPLIFIERS CHAIN BREAKDOWN STRUCTURE
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3D VIEW - AMPLIFIER 1

('n'e) adueipesst paziewIoN
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... To AMP 2
\‘\\\ﬁ
N\

3.5) @10Hz

AMP 1.2. Out

Amp 1.1

_ rom STRETCHER MODULE
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3D VIEW - AMPLIFIER 2

AMP 2. In

~10m

e <\
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35) @1Hz

AMP 2, Out
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3D VIEW - AMPLIFIER 3.1

From AMP 2

AMP 2. Out AMP 3.1. Out

®ou

T~ 80J @ 1Shot/min
7 To ANIP 3.2

Xmeuuou

S
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e
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('n°e) aduerpesst pazijewonN

-----
....

..
To 10 PW
COMPRESSOR

i ;.2 320J @ 1Shot/min

AMP 3.2. Out
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" AMPLIFIER 3.2 DETAILED CHARACTERISTICS

+ Multipass amplifier in bow-tie configuration :
o Inputl fuency close 1o Tr.Sa fluency of saturation - 0,7 Jicm?,
= 3 passes 0 reach expected specifications
= Amphher in saturation regime.
o Pumped by 6 ATLAS 100 on both side of the Ti:Sa crystal | ~ 600 J.
© Themmal focal length ~ 10 km == thermal load is not an ssue.
o Transverse Lasing Thrashok! = «Perfact» mdex matching and pump delaying requeed.

+ Performances :

@ Repolition Rate 160 Hz i TP ,,:"” all - — Seac g
© Crystal dsameler 200 mm : 4 B e
0 Output Energy ~300J 3 \
© Output fluency @ 45 ~1.6Jlcm* A /\
o Extrachon Ratio ~38% :
; ‘
91(!) -80 -60 -40 -20 o 20 40 &80 0 100
Time [ns]
Z <\ 7\ ELANCOURT
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AMPLIFIER OUTPUT
Beam line 1: 340 J Beam line 2: 327 J

AMP32 - IR energy and extraction efficiency AMP32 - IR energy and extraction efficiency

0 25 S0 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 0 25 S0 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500
Total pump energy (Joules) Total pump energy (Joules)

Long term energy stability over 90 minutes at 300J
- average energy = 300J
- energy stabilty <2 % rms

£ N ELANCOURT
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UNIQUE OPTICAL COMPONENTS WORLDWIDE FOR ELI NP

THALES 1 | el

Nuclear Physics

¢

Gratings integrated in the vacuum vessel

A . S

Diffractive optical gratings for pulse

compression up to 1 meter size .
Manufacturer HORIBA France 9 gratings manufactured

2 ELANCOURT



DIAGNOSTIC BENCH - 10 PW

[0.5en) ; 2, 8mJ] / DSSmm =
MS
- WIZZLER
e 1T
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~180 w / D3, Smen o 553 ma
“03 / D3, s
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COMPRESSOR OUTPUT - BEAM LINE 2

(MEASUREMENTS AT FULL APERTURE WITH ENERGY ATTENUATED BEFORE COMPRESSOR)

| Pulse compression 21.7 fs | Picosecond contrast > 10'3:1 before -200 ps
) l.l)(ll.‘l)()’
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50 300 250 200 <150 <100 .50 0 0 100 150 200
Delay [ps]

400

S Compressor efficiency 74 % / Amplifier *:measurements made at THz 22 J and 1shot/Min 320 J

output =327 J Measured in partnership with

Dr. Daniel Cardenas
Dr. Hans Koop
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ELI NP - 10 PW BEAM LINES CHARACTERISATION - SPATIAL PARAMETERS

Wavefront and beam pointing stability
® Strehl ratio > 0,8 with deformalble mirror

® Beam pointing stability < 1,2 yrad rms over 100 minutes
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0 ELI NP - EXPERIMENTAL AREAS LASER MATTER INTERACTION

E6 QED E1 Nuclear Physics

Cleanrooms Deformable mirror (upgrade)

e THALES )



ELI NP - LASER BEAM TRANSPORT SYSTEM

® Mirrors with motorization stages and monitoring of the positions

2 ELANCOURT

e THALES )
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ELI NP - LBTS TEST PURPOSE

® Full power beam propagation through LBTS

® Beam blocked with a dedicated dump

e <\

q D

A=/
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ELI NP - LBTS TEST CONFIGURATION - STEP 1

HPLS laser running at full energy attenuated before compressor for beam profile
analysis after propagation through the LBTS and tfransmission efficiency

U873 - Laser Beam Tromsport System

10 PW

vatuum
Beam dump

Wavefront map, Strehl ratio > 0,7

NF LBTS output

< THALES --)»
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ELI NP - LBTS TEST CONFIGURATION - STEP 2

® Beam dump installation replacing the diagnostic bench

® HPLS running at full energy/full power sent through the compressor and the LBTS

— 250 eee®e P
=S 55 (1) eve \l‘,l 5
-— 200 % ' 9
S5 175 » =
7! I T PYYYS

£ 15 O
o I?.‘l o0 e
o 100 7 22
~. /, eoe®0seeeee 3 a
O 50 ) &=
o 2 p o
C 0 0 -é
L s — W) Jo

DN RRRNRISRBBSTLYNS 0

4 ¥ ¥ T T T T T T T T T T T T T T o

P gum gum s g g ges gee Qs  gEm g  gus  gEis pas gues gum  guis  ges

Time of the day

® Several shots at 3PW, 7PW and 10 PW (energy/power increase by turning on pump
laser on the last amplifiers

ELANCOURT
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ELI NP - LBTS TEST CONFIGURATION - STEP 3

® Verification of fransmission efficiency

® Visual inspection of optical components within HPLS compressor and LBTS

Image 1: - FMR4-after

o ~ ; 3000
[l Py 0 500 1000 1500 2000 2500 3000 3500 4000

LBTS mirror

Grating ) Compressor mirror

® No losses of efficiency (~ 60%) and no damages observed

{(em ) <{+ THALES )
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Time of the day

Calculated peak power = 10,2PW (in the main pulse )

B COMPRESSOR OUTPUT - BEAM LINE 2
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ELI NP - ELI A EUROPEAN PROJECT

. o . Sphere - LFM Long Focal Length Mirrors
Delivery of set of optics for focusing the T0PW beams Square Spherical Mirror
Dimension : 650x650mm (150kg)
® Q=2 OAPM + 2 spare LFM -Long focal Sphere Focal : 30,5m (numerical aperture f/46)
(mirror with frame only) Deviation : 0°
® Q=1LFM + 1 spare T . . -
0 ‘D
Parabola - OAPM - Off-axis Parabola & Frame = > e D=y To ?e .inSLO“ed O? ;h? me%h,rc;]nicm h
Short Focal Length Mirrors '_ S B [r;?sorlze mount aelivere roug
Dimension : 700x650mm (150kg) > I
Focal : 1,5m (numerical aperture f/2,1) =
Deviation : + & - 45° 6| . °
| |CE ].
@ o
}"' g
OAPM- Short focal Parabola LBTS e
Mirror and hexapods ——— P =
port 02 %
10 PW entrance A
port 01
. Customer Furnished ltem
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ELI NP SYSTEM

L

=

Thales joined the Extreme Light Infrastructure
for Nuclear Physics (ELI-NP) program in 2013 to
develop the High Power Laser System (HPLS), the
most powerful system of its kind in the world.

This laser will support research in nuclear physics and
help advance human understanding of the physics

of matter

Operaiing the system from laser preparation fo experiences management
(beam available from 9am to épm)

Thales intervene by Training ELI NP team regarding our dedicated program launched in 2019 for our users

Maintaining the system with preventive and corrective maintenance

=\

7

m eli

nuclear physics




ELI NP - FROM LABVIEW HMI TO FULLY ERGONOMIC SUPERVISON

Panoramas:<
J'Codra

oreonee TANGO
Utilities
Tools

SVLEIL Panorama

SYNCHROTRON Supervision

TANGO Stand-Alone .
HMI

TANGO
Server
and
Database

TANGO bus

Level 4:
S TANGO JIVE
H Level 3:
TANGL, v
. * Servers LogViewer
Level 2:
Data Acquisition - Low level Control
£/ ELANCOURT
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% SYSTEM CONTROL

| High number of equipment : not easy to control by one person

( "



SYSTEM DETAILED CHARACTERISTICS

Full supervision software coupled with internal diagnostics

Right screen, available

Start views
Installation setup Upper part: global view « Stage synthetic view
Alarms with energies « Diagnostic bench
Logs Lower part: global view syntheftic view

with alarms « CSCI detailed view

AN}



ELI NP - CONTROL ROOM

Dedicated Supervision software solution developed by Thales to start, operate, monitor
and diagnose Thales systems and subsystems

£ N ELANCOURT

{ \ ( THALES )
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100TW COMMISSIONING

The lLaser spot is measured at full power, with attenuation wedges

Max Energy: <25)

Pulse duration: ~251s Laser profie
Central wavelength ~810nm

Beam diameter: ~ 54 mm

Laser pointing fluctuation: ~ 27 urad P ™

Parabolic mirror: 1.5 m focal length (F# ~28)
Spot size diameter: ~ 2242 um at FWHM
Encircled energy ~75% & 1/e?

Laser pointing fluctuation Laser enengy drift )

25 :
Energy decline ™ 1 4%/ w
. F 4 Energy Noctsation ~ 17 5% vhot
A "
1 l‘ . ‘J..) 2e "o » . o
3 - 23 R . - . .. n
; | s Sty g
£ § il B At P .
} i S n . . S s
. - e ® T8y
N 11 - . F ¥
» o g g - » " »’ \ 2 s 20
e an al o0 O 120 3@ 20 2N PO N 40 &
Time
Lavet poumng siadelaty seyveseniieg the Lvet fanSedd homzooral sod vertical potstisg Seabuiry of the basey paidse energy 3 Baaction of tisse. The comeposdng pomel
Doemation 25 Doenon of e The 1m s of te fecnmnions is 47 prad lqcm;lv.i on thee Tighe 2% !

s

m eli

nuclear physics
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b
100TW COMMISSIONING Diagnostics (all at full power shot) »»» d]

nuclear physics

- Electron spectrometer (~0.7 Tesla magnet)
- Laser FarFiled and NearField monitoring

- Optical probing of gas jet

- Top view of gas jet self-emission

- Electron beam pointing/divergence

- Optical spectrometer for laser pulse

- Pulse duration

Experimental setup for LWFA (E4 Area)

Target: 2mm dia. gas-jet
Gas: He, He + 2%N
Electron density scan in the range of 108 e/cm3

£ N ELANCOURT
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100TW COMMISSIONING el

nuclear physics

Gas: He + 2% N, Electron cut-off energy scan
Gas type: He ¢+ 2N N,
oo Gas pressure: 20 bar TN
3 °
b 00 ®
N, g ,
?" »90 -
.)
o0
: 2.5 \ LS 4 a5 5 a5
FOMBON MOwe e re (mvn)

Typical clectron Contummss speconun obtsmed with gas adsnue
of He amd 2% N, a) Lanex image; b) analyzed energy spectnun Varmal «an for several distances from e nozzic taken %0 map B trend

for the murcummes cleCon enerey a1 a fved 2as peessure of 20 ba
Gas: He
Electron cut-off energy scan
SO0
Gas: pure He
YO0 Gas pressuee: 10 bar

b)

L0000

Locon W megy WY
'
.
'

L0
-
——— -, A~
L)
o5 O o5 L rALS 3
PO RRE e MO ENG CRnias Of 1RE Sas et (e )
Iypecal chectron peak spectrmm obtamed with pare He gas Electon maximmun encrgy versss bser focal posamos Broms the cemer of the
0 Lasex smape. U) ssalyacd cncrgy spectrum gxs pet. The scan was done at 2 4 yun above the nozzle (1. m, ~ ™x10" cm')
VN ELANCOURT
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1PW COMMISSIONING ) el]

nuclear physics
| Phase 1

» TNSA proton acceleration, commissioning experiment to assess the HPLS 1
PW performance and test diagnostics, following the ELI-NP ISAB plan

» Improved ion acceleration (TNSA/RPA) in 2 steps, by using a deformable
mirror before the focusing mirror and a single plasma mirror, in preparation
for the 10 PW experiments.

Target wheel: up to 32 targets
Best focal spot: 3.5 um at FWHM !

Laser intensity at 1 PW ~ sub-1022W/cm?

I P h a Se 2 The focal spot was measured at full power using wedges

» LWFA commissioning experiment at 1 PW by using a gas cell, step towards
the10 PW experiments.

£ N ELANCOURT
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10 PW COMMISSIONING (APPROVED BY ISAB) L d]

nuclear physics

| E1 experimental area
» Laser beam: 2 x 10 PW (~250 J, ~25 fs, 810nm, 1/60 Hz)
» OAP mirror: 2 x F/2.7 (laser beam diameter ~ 55cm)
> Laser intensity expected: ~ sub-1023 W/cm?2
» Laser-driven ion acceleration / accelerating protons above 200 MeV
» Y-flash generation / Showing the fast scaling growth of gamma yield..

| E6 experimental area
» Laser beam: 2x 10 PW (~250 J, ~25 fs, 810nm, 1/60 Hz)
» One short, one long focal / OAP mirror. ~ F/52 for 10 PW and ~ F/150 for 1 PW
> Laser intensity expected : up tp a few102 W/cm?
» LWFA / accelerating electrons in the GeV energy range

£ N ELANCOURT
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E4 Experiment: laser characteristics d-
I ]

100 TW Laser nominal parameters Laser focal spot :
nuclear physics

Max Energy: ~ 2.5 J (max, after compressor)
Pulse duration: ~25fs

Beam diameter: ~56 mm

Laser pointing fluctuation: ~ 30 prad

The laser spot is measured at full power

100 TW Laser experimental parameters

Max Energy: ~ 1.9 J (max on gas target)
Pulse duration: ~ 25 fs

Parabolic mirror: 1500 mm focal length (F# ~28)
Spot size diameter: ~ 18 ym at FWHM e e TN | o | | [ TN
Encircled energy:  ~70-75% @ 1/e? R n CEE [

4 4 4 ‘\.
o A o, SRS S RN e |

ELANCOURT
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E4 Experiment: laser statistic El o
100 TW Laser energy variation ')»») ]
nuclear physics

. FarField pointing fluctuation Data on 01 Oct 2020
Laser energy vs time Data on 01 Oct 2020 P g

©
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time (minutes)

- Laser mean energy ~ 2.15 J
- Energy shot-to-shot fluctuation ~ 1.7 %
- Energy drift during the day ~-42 mJ/hr

) L THALES ) ELANCOURT



Experimental data for He + 2% N -
=

On-axis diagnostics: electron beam profile

5_mrod
Be windo

Electron beam profile improvement with further optimization
Electron beam divergence ~ 5 mrad, and pointing ~ +5 mrad

nuclear physics

Optical probe
Shadowgraphy Top view: scattered radiation

? Laser chann Laser channel

VN ELANCOURT
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Experimental data for He and He + 2%N

Typical electron specira obtained with gas density of ~ 3.5 x 10'® atom/cm?3

m eli

nuclear physics

g

Lanex screen

_____

Lanex screen low energy ed

Typical quasi-monoenergetic spectrum with pure He gas

g

Lanex screen

Lanex screen low energy. ed

Typical broadband spectrum with He + 2% N, gas

Lanex screen high energy edg
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ELI NP - ELI A EUROPEAN PROJECT

e

AN

ELI - Exireme Light

Infrastructure

850 millions euros

from ERDF (European
Regional Development Fund)
raised to develop four ELI
laboratories

GERARD MOUROU
& DONA STRICKLAND

Inventor of The CPA with Dona

Strickland and both
Winners of the 2018 Nobel Prize

<\
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* X %
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* *

* *
* 3 K

Czech Republic,

Prague "7
Particules and X-ray

<+ THALES )

m eli

nuclear physics

Hungaria, Szeged
Attosecond

Romania, Bucarest

Magurele
Photonuclear

ELANCOURT
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ELI NP - LASER ROOM Laser room 2400 m? '»»» dll

et SRR = E e nuclear physics
- = > : ® Cleanroom: I1SO7

* - - r r_.-' ,. = verews . . o o
ass - e g = ——£t T & unm ® Temperature regulation: 22°C +/- 0.5°C
e —
® Humidity regulation: [35%-50%]
\ ® Floor stability: VC-E (3 um/s) according to
——— _ the ASHRAE criteria

e e s 7 \ RS £ s s s -1

: T < T _ “i—— ® Flatness default lower than 9 mm

;ﬂ.‘ ;F - =T

L.

ELANCOURT
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ELI NP - HPLS ARCHITECTURE : TI:SA LASER, DOUBLE CPA CONFIGURATION

System aiming to deliver two laser beams with 2X10PW HIGH POWER
three possibe peak power LASER SYSTEM FOR ELI-NP —

2x10 PW, 1 tir/min
2x1 PW, 1 Hz
2x100 TW, 10 HZ

48 pump lasers

A dedicated clean room (ISO7)
2 400 m? THALES “Ilﬂlle{]

.
Physics

[SAGALNP ] (cmane ] ( Aﬂ.ASl 100 |
—{ Ame1 Fr—f A2 - ames  }—

COMPRESSOR 100TW COMPRESSOR | PW COMPRESSOR 10 PW
10 Mz 1 Mz 1 shol/min

OPCPA Front End

(sacamr | [(cmaw | [Amasioo |

—‘{ AMPY ]——’{ AMP2 }-—-—'{ ANP2 }_

10 Hx 1 shot/min
£ N ELANCOURT

[ COMPRESSOR 100TW ] [ COMPRESSOR 1 PW ] [COMPR(SSOﬁ 10PW ]
1 Hz
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