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80,000
employees
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Countries
of operation

1 Bn €
self-funded R&D*
* Does not include externally financed R&D 
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sales in 2018
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LASER SOLUTIONS

DEFENCE 
& SECURITYCIVIL

A world leader in high-power 
solid-state laser systems

• Over 30 years of laser expertise

• World record 1 petawatt (PW) laser with the BELLA system 
(USA) in 2012
World record 10 PW with ELI-NP system (Romania)
with one beam in 2019

• Laser solutions for industrial processes and new medical 
applications

• World’s only company to send operational laser to Mars 
(with CNES and NASA) in 2011 and 2020

• Long-standing laser research partnership between Thales 
and Gérard Mourou, winner of 2018 Nobel Prize in Physics

Gérard Mourou

2018 Nobel Prize
in Physics

ELANCOURT



WORLDWIDE PRESENCE

NANOSECOND

APOLLON France

CEA France

CSIR South Africa

DRDC Canada

GIST South Korea

Jena University Germany

LOA France

Nebraska University USA

STFC UK

Shenzhen University China

SIOM China

SLAC USA

Texas University USA

FEMTOSECOND

CALA Germany

CETAL Romania

DESY Germany

ELI NP Romania

Julich University Germany

LBNL USA

Peking University China

Riken Harima Japan

RRCAT India

SCAPA UK

SWJT China

Universidade de Santiago de 

Compostela Spain

University of Michigan USA

Weizmann Institute of Science 

Israel
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Riken Harima
2x 500TW / 1Hz

ELI NP
2x 100TW / 10Hz

2x 1PW / 1Hz
2x 10PW / 1sh/min

45 
TW
45 
TW

DESY 200TW/5Hz 
Peking Univ 200TW/5Hz 
Weizmann 2x100TW/1Hz

200 
TW
200 
TW

500 
TW
500 
TW

1 PW1 PW

10 PW10 PW

USC
45TW / 10Hz

350 
TW
350 
TW

SCAPA
350TW / 5Hz

3 PW3 PW

CALA (3PW)
90J / 1Hz

LBNL BELLA
1,3PW / 1Hz

2 PW2 PW

Peking Univ
2PW / 1Hz

High-energy pumping lasers are designed and produced in Thales:

SAGA – GAIA – ATLAS – THEIA

AMPLIFICATION OF HIGH-ENERGY FEMTOSECOND PULSES FOR SCIENCE 



ELI NP - INFRASTRUCTURE
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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

Thales intervene by

ELI NP SYSTEM

DEFENCE 
& SECURITYCIVIL

Operating the system from laser preparation to experiences management 
(beam available from 10am to 6pm for 100TW beamline and 10.30am to 6.30pm for 1PW beamline)

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

Maintaining the system with preventive and corrective maintenance
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SYSTEM BREAKDOWN STRUCTURE



THALES GROUP INTERNAL

All size of Ti:Sa crystals for amplification on 

the system : up to 200 mm in diameter

Manufacturer GTAT, USA 200 mm Ti:Sa crystals on the amplifier

▌ Thales rented a 11 inch furnase for the development of crystals

Furnase now available for the community

3 crystals
produced



THALES GROUP INTERNAL

Diffractive optical gratings for pulse 

compression up to 1 meter size

Manufacturer HORIBA France

Gratings integrated in the vacuum vessel

▌ Grating size : 1015 x 575 mm²

9 gratings
produced



Compressor output - beam line 2
(measurements at full aperture with energy 310J attenuated before compressor)

D=450mm FWHM / reduction factor 180x



100TW / 1PW OPERATION 

DEFENCE 
& SECURITYCIVIL

ELANCOURT

▌Beam time for comissionning operation

During second half of 2021 THALES and ELI-NP operation team delivered beam for a 
total 484 number of hours from the HPLS 100 TW output to E4 experimental area.

During second half of 2021 THALES and ELI-NP operation team delivered beam for a 
total 721 number of hours from the HPLS 1 PW output to E5 experimental area. A total 
number of 1112 pulses on target were delivered during this time.



HPLS 1 PW OUTPUT TO E5 AREA 
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ELANCOURT

Maximum number of shots/day on gas target = 153

Maximum number of shots/day on solid target = 43



DATA MANAGEMENT
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Supervision 
made by 

Thales

=> 300 GB 
data per 

day!



Left screen, available views
• Start
• Installation setup
• Alarms
• Logs

Middle screen, one single 
view
• Upper part: global view

with energies
• Lower part: global view

with alarms

Right screen, available
views
• Stage synthetic view
• Diagnostic bench

synthetic view
• CSCI detailed view

Full supervision software coupled with internal diagnostics

DEFENCE 
& SECURITYCIVIL

ELANCOURT

SYSTEM DETAILED CHARACTERISTICS



High contrast FRONT-END

CPA 1 - Ti:Sa regen amplifier
XPW for contrast and spectrum enhancement

OPCPA for contrast enhancement

Power amplifiers

CPA 2 - 5 x Ti:Sa multipass amplifiers





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

ELI NP - LBTS TEST CONFIGURATION – STEP 1

DEFENCE 
& SECURITYCIVIL

Wavefront map, Strehl ratio > 0,7

72 nm RMS
µm

NF LBTS output

ELANCOURT



Beam dump installation replacing the diagnostic bench

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

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

ELI NP - LBTS TEST CONFIGURATION – STEP 2

DEFENCE 
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ELANCOURT



Laser 
WakeField

Acceleration

Picture of DESY lux.cfel.de



Laser WakeField Acceleration (LWFA)



2004 The Dream Beam

2
9th School on “Plasmas in super intense laser fields”, Erice July 1-11 (2022)



2005 The Bubble regime : theory/experiments

experiment
3D PIC 

simulations

divergence : 6 mrad

Experimental parameters : E=1J, 
τL=30fs, λL=0.8µm,  lL=3.2×1019W/cm2, 
ne=6×1018cm-3

J. Faure et al., Nature 431, 7008 (2004)

2
9th School on “Plasmas in super intense laser fields”, Erice July 1-11 (2022)



2010 Sharp density ramp injection

K. Schmid et al., PRSTAB 13, 091301 (2010)

=>

2
9th School on “Plasmas in super intense laser fields”, Erice July 1-11 (2022)



2013 Shock front injection 

A. Buck et al., PRSTAB 13, 091301 (2010)

=>

2
9th School on “Plasmas in super intense laser fields”, Erice July 1-11 (2022)



Colliding laser pulses scheme : Stable

Series of 28 consecutive shots with : a0=1.5, a1=0.4, ne=5.7×1018cm-3

2
9th School on “Plasmas in super intense laser fields”, Erice July 1-11 (2022)



Zinj=25 μm

accelerating distance

J. Faure et al., Nature 444, 737 (2006) 

2
9th School on “Plasmas in super intense laser fields”, Erice July 1-11 (2022)

Colliding laser pulses scheme : Tunable



)

Considered cases Robustness Maturity Cost

1 mJ/10kHz/ 3fs - Low ?

10mJ/1 kHz/few fs - Low/medium ?

100mJ/100Hz 20fs ++ medium ?

1J/10Hz 30fs ++ High 1-1.5 M€

Reduction of the laser energy (assuming the photon to electron efficiency the 
same) requires higher repetition rate

Few 100’smJ/few 10’sHz/ 20 fs seems to be a good compromise on the basis on 
the present technology

Laser beam parameters for electron-RT

2nd Technical IFAST meeting, Oct. 7 (2021)



Conclusions

Accelerators point of view : 
Good beam quality & Monoenergetic dE/E down to 1 %     √
Beam is very stable √
Energy is tunable: up to 400 MeV √
Charge is tunable: 1 to tens of pC √
Energy spread is tunable: 1 to 10 % √
Ultra short e-bunch : 1,5 fs rms √                   
Low divergence : 2 mrad √
Low emittance1-3 : < �.mm.mrad √
With PW class laser : peak energy at 8 GeV  √

1S. Fritzler et al., Phys. Rev. Lett. 92, 165006 (2004), 2C. M. S. Sears et al., 
PRSTAB 13, 092803 (2010), 3E. Brunetti et al., Phys. Rev. Lett. 105, 215007 (2010)

3
9th School on “Plasmas in super intense laser fields”, Erice July 1-11 (2022)



BELLA Center: 4 unique Laser-driven Accelerator systems

BELLA-PW
40 Joule in 40fs (1 PW)
GeV acceleration, Staging

BELLA-HTT
3 Joule in 30fs (100 TW)
Mono-chromatic gamma rays

BELLA-HTU
3 Joule in 30fs (100 TW)
X-ray laser

BELLA-IP2 at BELLA-PW
40 Joule in 40fs (1 PW)
Proton & ion acceleration

BELLA-KHz
A few mJ in 5fs (TW)
MeV Acceleration

GXS250 
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BELLA Results (2014 4.2GeV)



BELLA Results (2018 7.8GeV)



Toward Loading an Accelerator

Andreas Maier’s Group (DESY)



Toward Loading an Accelerator

Andreas Maier’s Group (DESY)



Seeded FEL (2020)

100nJ



Seeded FEL

Marie LABAT et Al. 2022: Seeded free-
electron laser driven by a compact laser 
plasma accelerator

Picture of DESY lux.cfel.de



Short term
roadmap



INCREASING REPETITION RATE OF OUR FEMTOSECOND SYSTEMS: A 
NEED FROM INDUSTRIAL & SCIENTIFIC APPLICATIONS 

DEFENCE 
& SECURITYCIVIL

Current work in progress
TiSa is confirmed as the ideal 
technology for producing high-
energy ultrashort pulses
Development of 1J / 100 Hz laser 
system for scientific and industrial 
applications

HERACLES3

OME – TRT – AVS 



HERACLES 3
(Hautes Energies pour la Recherche en ACcélération Laser d’Electrons et Sources Secondaires à Saclay)



HERACLES3 JOINT LAB

THALES
THALES LAS : Bulk laser expert at Elancourt

THALES SA : Thales Research Center at
Palaiseau, fiber laser experts

THALES AVS : Microwave and Imaging Sub-
systems at Velizy

ACADEMIC PARTNERS
Ecole Polytechnique

ENSTA LULI and LOA

CNRS





100Hz laser 
architecture



FROM HIGH PEAK POWER TO HIGH REPETITION RATE

DEFENCE 
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New TiSa laser architecture – In 
development

Robust OPCPA FE : 100Hz / 300µJ 
demonstrated

New ns diode-pumped laser : THEIA family
qualified

2020-2021 / New TiSa amplifier 
architecture : Qualification @ 300mJ 100Hz

2022-2023 / Design and qualification of 
1.5J amplifier 100Hz

THEIA
100Hz / 750 mJ

OPCPA
frontend

Preamp
TiSa Multipass

Disk Amplifier

1.5 J / 100 Hz

> 100 µJ

> 1 mJ

Stretcher

Disk Amplifier

>250 mJ

4 THEIA
100Hz / 750 mJ



100/200 HZ THEIA LASER

Energy : 1µm >1J / 532nm > 700mJ / 355nm > 500mJ

Pulse duration : 10-15 ns

Bench size : 160*30*20 (L*l*H)

Beam profile at the output of the THEIA
Four hours stability @ 100Hz



THICK DISK TISA PUMPED BY THEIA LASER

Multi-pass amplifier seed by 
XPW

Seed 10µJ

Standard 4 passes preamplifier :
output energy 3mJ

Thick-disk TiSa amplifier : output
energy > 300mJ, stability < 0.5%rms
for an hour



THICK DISK TISA PUMPED BY THEIA LASER : 1 HOUR OPERATION



THICK DISK TISA PUMPED BY THEIA LASER : 5 HOURS OPERATION 1/100 
PULSES



)

Considered cases Robustness Maturity Cost

1 mJ/10kHz/ 3fs - Low ?

10mJ/1 kHz/few fs - Low/medium ?

100mJ/100Hz 20fs ++ medium ?

1J/10Hz 30fs ++ High 1-1.5 M€

Reduction of the laser energy (assuming the photon to electron efficiency the 
same) requires higher repetition rate

Few 100’smJ/few 10’sHz/ 20 fs seems to be a good compromise on the basis on 
the present technology

Laser beam parameters for electron-RT

2nd Technical IFAST meeting, Oct. 7 (2021)

OK

2023

1kHz 40mJ + 
Post Comp
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High-energy pumping lasers are designed and produced in Thales:

SAGA – GAIA – ATLAS – THEIA

AMPLIFICATION OF HIGH-ENERGY FEMTOSECOND PULSES FOR SCIENCE 
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