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INTRODUCTION:

- An History of the laser activity
- Lasers at Thales Optronique

RECENT ACHIEVEMENTS

- Through Scientific collaboration to achieve high g uality results

- 2012: 1st PW laser shot on earth and 1 st laser shot on Mars

- 2013: 1st sub-25fs industrial PW laser, and demonstration of
system

WHAT’s NEXT ?

- ELI NP manufacturing
- A compact solution for PW system ?
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4 30 Years of expertise in High Energy Lasers

1984: Creation of BM industries

- Activity centered on development of High Energy fl
- 1992: Beginning of femtosecond laser activity

1994: Acquisition by Thomson CSF

2000: THALES LASER creation

ashlamp pumped lasers

THALES
CqsER?

2009: THALES LASER integrated in THALES OPTRONIQUE
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Opftronic activity

7 companies + 4 JV

Thales
Thales Optronics Ltd
Optronics Thales -

Canada Optronics NL ta

Thales
Optronique SA

Thales #*
Angénieux =

Thales
Cryogénie

Thales SESO
SOFRADIR
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2800 people

Revenues 2011 : = 700 M€
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Thales Optronique - Facts & figures

¢ 44,000 m?including

Elancourt o 6,000 m? clean rooms

o one sight testing fower

nt of Thales

o laser laboratories

5 Main activities

¢ Airborne Optronics

¢ 1,300 employees
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mmu

, R&D 26 %

¢ Land & Naval Optronics
Functions 13 % ‘ 5

¢ Missile Electronics Production 28 %
Programmes 34% E

¢ Laser + Activity 2013:
over 350 M€

¢ Support & Customer Service
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7 Laser activity

Scientific
lasers

==

Defense
and Space

THALES

Industrial
lasers




Thales world leader in High Peak Power Laser system

Laser systems from TW to PW

Riken Harima
2x 500 TW / 1Hz
(Upgradeable to 1 PW)

DESY
200 TW / 5Hz
(Upgradeable to 1 PW)

Peking University
200 TW / 5Hz
(Upgradeable to 1 PW)

THALES
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Through scientific collaboration
& 30 years of exprience
To achieve High Quality Results

THALES




BroadBand Seeder / XPW

XPW (collaboration with LOA, Palaiseau)

Intensity (a.u.)

¢ Two BaF , crystals generation
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o Efficiency ~ 20 %
o FWHM Bandwidth ~ 55 nm
o Output Energy ~ 50 pJ

o Operation at ambiant air

Spectrum before and after XPW

~ FWHM : 55nm
700 750 800 850 900
wavelength (nm)
Spectrum Bandwidth Enhancement by 3

contrast

1E-01
1E-03
1E-05
1E-07
1E-09
1E-11

contrast at 5J / 25fs (200TW)

I —A5 XS 200TW

-100 -80 -60

-40 -20 0

Time (ps)
Ps Contrast Enhancement by 4 orders

THALES

This document is the property of Thales Group and may not be copied or comn




THALES Research & Technology (TRT)




Ti:Sa crystal mount

Suppression of Transverse Lasing effect

#Successful implementation of the liquid matching index (LMI) mount at
the PetaWatt level (Pump Energyifacet : 30 J)

nt of Thales
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GAIA HP pump lasers (1/2)

GAIA HP: high energy pump lasers designed for BELLA system
¢E>14J @ 532 nmat1Hz (Now delivering up to 16J)

+ Top hat profile without spatial shaping

nt of Thales

Horizontal axis
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GAIA HP pump lasers (2/2)

GAIA HP: high energy pump lasers designed for BELLA system

GAIA HP 1 2 3 4 5 6 7 8 9 10 11 12
Energy (J) 15.2 15.4 15.3 15 14.7 14.7 14.9 14.6 14.4 15.2 14.9 15.3
Energy

Stability 0.77% | 0.73% | 0.79% 0.59% 0.68% 0.62% 0.73% 0.57% | 0.70% | 0.50% | 0.61% | 0.52%
(rms)

:
u

GATA HP #1 GAITA HP #2 GATA HP #3 GAIA HP #4 GAIA HP #5 GAIA HP #6

GATA HP #7 GATA HP #8 GATA HP #9 GAIA HP #10 GAIA HP #11 GAIA HP #12

This document is the property of Thales Group and may not be copied or communicated without written consent of Thales
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YEAR 2012
1st PW shot at THz on earth
1st Laser shot on Mars
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BELLA system at
Lawrence Berkeley National Laboratory
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BELLA laser system operationnal in July 2012

Credited to Roy Kaltschmidt
Lawrence Berkeley National Laboratory

This document is the property of Thales Group and may not be copied or communicated without written consent of Thales
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BELLA laser system concept

Amp2/E>21) Amp3/E>60 J

41 J
= After compression

7/
2

Front End Compressor
+Amp 1
E>1.7)

High Energy Pump Lasers
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Energy: before compression

AMP-3 endurance {1 hour)

Spectrum AMP-3 56 J
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¢ Average value : 61.2 J
+ Stability : 0.30%
Spectral bandwidth:
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Energy (J)

o] ]

45

BELLA energy levels

Mo,

o

o,

j —— AMP-2 with 4 Gaia

—— AMP-3 with 11 5 Gaia

sssssssssss

Input energy:
¢ Average value: 55 J
Energy after compression:
¢ Average value: 42.4 J
Compressor efficiency:

o /7%

Energy: after compression

THALES
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Far field beam profile (1/2)

Far field beam profile with non-optimized correction
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Farfield beam profile (2/2)

¢ Strehl ratio: 0.93
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Beam pointing stability
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BELLA conclusion

The BELLA laser system:

¢ First industrial PetaWatt laser at 1Hz worldwide
+ With exclusive technologies
o XPW filter

o High energy pump lasers

nt of Thales

o Anti-transerve lasing mount
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¢ Delivered at customer site on time and in operation since July 2012

+ Scientific program started in 2013 and production o f high level scientific
results
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At the same time on Mars...
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From an industrial product to a space qualified laser

Diameter 55 mm
Length: 220 mm
Mass: 550¢g
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YEAR 2013:

Sub 25fs industrial PW laser
&

Commissioning of highly compact
200 TW solution
THALES




CETAL system
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CETAL Laser system description

CETAL Specification

PW output specification TW output specification

Peak power 21PW Peak power 2 45 PW
Pulse duration <25fs Pulse duration <25fs
Repetition rate 0,1Hz Repetition rate 10Hz

Ps pre-pulse contrast 1011 @ 100ps Ps pre-pulse contrast 1011 @ 100ps

PW Compressor

Front End (1,7J / 10Hz) PW Amplifier (35J / 0,1Hz) 45TW / 10Hz
1PW /0,1Hz

ATLAS 25

This document is the property of Thales Group and may not be copied or communicated without written consent of Thales

SAGA HP
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Amplification results

Amplification results

Atlas 1 Atlas 2 Atlas 3 Atlas 1+2+3 E Ampli Extraction (input 1.5J)

Pointing Angle (mrad) 0.002 0.0022  0.000 0.004 ?‘Iﬁb
Pointing Radius (im) 3.23 4.470 0.52 8.63 2:334
Compressor overall optical transmission of 79% lead S to an estimate

of 26.5 J for output energy then a peak powerof 1. _ 12 PW

THALES

25.1J 25.1J 25.2 J 75.4 J 33.5J 42.5 %
Near field beam profile (33.5 J) Pointing stability (1,2urad rms)
alalal el [value [Mean [Min _ [Mex [ stdDev| = :%I‘,,_’T- @‘ @m{‘ ,,EJ‘,,ll | fpw,|§‘ ,:U:E
S0 Widhven(ymy 17695 170654 1785 17698 000 (m T I [EI
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\ / :
oew| L P
[N ._ . worrn mET T
0 ‘—T:"rm ‘550 : : % \_.n' . . """"” _— - Im Dl lancemm i
Farameter Yalue Mean | Min hax std Dev 2
50.0% Width Horiz {(pm) 63.4 66.24 548 89.2 8.94 £
50.0% Width Vert (um) 411 40.79 39.0 433 1.09 £
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Petawatt at 0.1 Hz

1PW system at 0.1 Hz

nt of Thales

¢ Pulse duration: 25 fs

| , ¢ Energy before compression: 34 J
PINFLPR ¢ Compressor efficiency: 75 %

¢ ATLAS pump laser: 75 J

¢ Repetition rate: 0.1 Hz

This document is the property of Thales Group and may not be copied or communicated without written conse
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CETA PW laser system at INFLPR

This document is the property of Thales Group and may not be copied or communicated without written consent of Thales

Operational on site since November 2013
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ALPHA 5XS - 200TW @ DESY

THALES




200TW at 5 Hz

Results of 200 TW system at 5 Hz

Compact size 4m * 5 m (without
compressor)

Only one pump laser 15
Water cooling -
Repetition rate 5 Hz :
Pulse duration: 25 fs

Energy before compression: 7.2 J ¥ v v
Strehl ratio: 0.92 e 74 =

THALES

C2aeEN -]
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200TW at 5 Hz

Laser successfully
commissioned at DESY site

15th of November 2013 !!

This document is the property of Thales Group and may not be copied or communicated without written consent of Thales
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From 200TW ...

Upgrade of the 200TW

nt of Thales
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To reach 1.2 PW (30 J, 25 fs)

THALES

nt of Thales
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Outline

INTRODUCTION:

- An History of the laser activity
- Lasers at Thales Optronique

nt of Thales

RECENT ACHIEVEMENTS

- Through Scientific collaboration to achieve high g uality results
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- 2012: 1st PW laser shot on earth and 1 st laser shot on Mars

- 2013: 1st sub-25fs industrial PW laser, and demonstration of compact 200TW
system

WHAT’s NEXT ?

- ELI NP manufacturing
- A compact solution for PW system ?

CONCLUSION
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ELI-NP
High Power Laser System - HPLS
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HPLS for ELI-NP

e (5
)] CirinH 5
Null)l)a)r g}'ﬂ:‘!

¢ 2 outputs 100 TW - 10 Hz

This document is the property of Thales Group and may not be copied or communicated without written consent of Thales

¢ 2outputs 1 PW-1Hz

¢ 2 outputs 10 PW — 1/mn




ELI-NP installation

Equivalent to BELLA laser system

This document is the property of Thales Group and may not be copied or communicated without written consent of Thales
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ELI-NP HPLS Laser Architecture

The High Power Laser Architecture

Hybrid double CPA configuration

(collaboration with French project APOLLON through a technoloqgy transfer agreement)

nt of Thales

CPA 1 for beam stability

XPW for contrast and spectrum enhancement

nicated without written conse!
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o
o
+ OPCPA for contrast enhancement
+ New high energy pump laser

o

CPA 2 for energy and energy stability

OSCILLATOR CPA1 OPCPA CPA 2 < 20fs COMP

100J Pump

THALES
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100J Green Pump lasers for final amplifiers pumping

High energy improvement

¢ 100J green pump pulse in a single beam

nt of Thales

nicated without written conse!

>

£

£

3

S

he)

o

Q.

]

2

°

[=4

g

£

60 : ‘ . . . . . E

| | H H H H H (=%

[}

=1 N NSNUNSOOU SNSRI  SSSUUS: SUNUUT. ST TT— ——— £
— =
=2 k]
= 2
T [ g
5 .
w s
20 e e e e e e e e e e e e e e e e e e e B
o

;¢ [ A SR, S— =

: £

0 i S

0 1 2 3 4 5 3 7 8 2

£

Time (Hours)

Energy stability over 8 hours of operation

THALES




What about a compact PW class
system ?

THALES



Vision of a compact PW system at 1 shot/min

nt of Thales

ATLAS 100

Front-End

Only one pump laser 100 J
Water cooling

Repetition rate 1 shot/min
Pulse duration: 25 fs

Energy after compression: 25 J

Strehl ratio: >0.9 (with deformable mirror) THALES
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- 2012: 1st PW laser shot on earth and 1 st laser shot on Mars

- 2013: 1st sub-25fs industrial PW laser, and demonstration of compact 200TW
system
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WHAT’s NEXT ?

- ELI NP manufacturing

- A compact solution for PW system ?

CONCLUSION
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Conclusions

Thanks to 30 years of experience
&
through scientific collaboration

nt of Thales

2x PW class laser successfully installed and commissioned at
customer site

EXTREME PERFORMANCES have been achieved with critical laser
parameters while keeping high RELIABILITY and AVAILABILITY
LEVEL through robust INDUSTRIAL design.

BELLA system is daily used for science since ALMOST 2 YEARS
and has already produced OUTSTANDING SCIENTIFIC RESULTS

We have now completed the design of the next generation which is
10 PW lasers and have started the construction of the two 10 PW
beamlines of ELI-NP.

This document is the property of Thales Group and may not be copied or communicated without written conse
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CETAL
1PW /0,1 Hz

1,3 PW/1Hz

Thank you for your attention

Riken Harima
2x 500 TW / 1Hz DESY
(Upgradeable to 1 PW) 200 TW / 5Hz
(Upgradeable to 1 PW)

THALES
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