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Amplitude Laser Group




/ Amplitude at a glance

/ Innovative & visionary company, = ) Expert manufacturer 10+ offices and production plants
created in 2001 in ultrafast laser technology around the world.

{p 450 + E 3000 5 000 +
employees worldwide E M2 of production area lasers in the field

1S O [ O

Amplitude Laser Group Headquarters,
near Bordeaux, France




/ Global company with a global reach

The most /High peak power: from TW to multi-PW
complete and

advanced

Ti:Sa-based solutions
> fstops,uptol0sJ

Femtosecond &
Nanosecond
laser portfolic

/ High repetition rate

Yb-based solutions
> Hzto kHz, uptoJ, ps
> MHz, mJ, 100s fs

/High Energy

Nd-based solutions
> ns,upto100sJ



/ UItrafast laser- drlven secondary sources
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/ Motivation
> Industry & National Security — NDT with X-ray sources

Motorbike engine

112 JEEP beamline
Baimpas et al, ). Synch.
Rad. 20, 316 (2013)

Aircraft wing
X-ray tube

Xu et al, NDT in
Aerospace 2010

Ben-Ismail et al, APL 98, 254101 (2011)

" \\

> Improvements needed :
= Stability = better control on laser parameters

= Flux = higher rep rate

> Medical — VHEE / protontherapy




02

Controlling the laser




/ Stability issues

LPA example : Highly nonlinear process
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/ Need relevant diagnostics

Mariscal et al., PPCF (2021)

Maier et al, PRX (2020)

Retrieving parameters from complex data
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/ Control command on a PW laser
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/ User Interface

> Display and control parameters
> Active stabilization on relevant parts

> Logging functionality
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/ Metrology bench

> Metrology bench installed after compressor, 2 modes : leak / beam through

Energy short-term & long-term

Beam profile — pointing — wavefront

Spectrum - pulse duration — angular chirp

Picosecond & nanosecond contrast

12

To the experiment



/ Pulse duration and chirp

Pulse duration - Wizzler

Wmer 153 - 01,0621 1153
Gperation made

e Spatial chirp — 2D spectrometer
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/ Temporal contrast

Temporal contrast — Sequoia & fast photodiode

Contrast Ratio @ -15ps: 2 x 10"-8

14



/ Beam quality & pointing

Wavefront measurement — SID4
Strehl ratio & defocus

Pointing stability - Far-field camera
Active stabilization available with Control Command

15




/ Active feedback strategy

Optimization depends on process

Example on a X-ray source :
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Increasing the repetition rate




/ Strategies for higher reprate

> Multiplexing standard pump lasers
> Flexible designs

> higher pump homogeneity

=

Spatially for higher energy

> Develop new pump lasers
> Optimized costs per Joule

> Compatible with OPCPA pumping

e =

Spatially&temporally for higher rep rate




/ ELI-ALPS : 2PW 10Hz laser ) el]

attosecond
Er:,g,etrélogy 2X Premiumlite-YAG
Turning Box d g (>5OJ, 10Hz, 532nm)

Compressor |
Vacuum v
Chamber

PW Line
Front End

e

Amplifiers

o | pizi CEP Line —
|’)»)) d ﬁ\xhastrucl;‘x?rle * DouseRcIi

Extreme Light Infrastructure: 2PW - 10Hz - 17fs

% Most powerful femtosecond Laser in the world
AAmplltude
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/ 50\] 1OHZ pumpS attosecond

> PAMDAM amplifier technology
> Nd:YAG multidisk amplifier -

> Flashlamp pumped

> Water cooling - Longitudinal heat extraction

> Compact system

/2 systems installed since 2019 at ELI-ALPS
> 2 x50J @10Hz 532nm (72J IR)
> For acceptance : dry-run 8h/day during 4 months in 2018

SN ]
50 72J IR 50J Green

20

Energy at 532nm
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/ Ti:Sa crystal cooling

pum

i

TiSa

Water Flow

21

Deformable mirror for defocus compensation

Curvature of the output beam
with full pumping (400W)



/ Energy and beam stability

25.00

/Pulse energy

20.00

>22 J @ 800nm, over 3 mnts
<1 % RMS

g

> >22J @ 10Hz, before compression
> 220W average power

> Pump energy 2x15J

Energy (J)

8

o
o
s}

0.00

0 20 40 60 80 100 120 140 160 180 200
Time (s)

/ Strehl ratio
> SR 0.9 at full energy (22J)

/Pointing stability

> Pointing Stability is <5% of the beam
25 divergence

20

Dr (prad)

Time (s) )
Z NAmplltude



/ Increasing rep rate: Amplitude roadmap

Liquid cooling of multidisks is a key enabling technology for high rep rate PW lasers

Flashlamp

Pumped

2016 2019




/ Pump development at 100Hz

> Use diode-pumping technology
> Liquid cooling technology (capitalize on PAMDAM experience)

> Design compatible with 100 to 500Hz operation

Preliminary results
Gain homogeneity




/ Rep rate tunability

> Passive wavefront compensation using SBS mirror
> 95% reflection measured up to 120J input energy

> |deal solution to be integrated in 100Hz pump laser

HERA laser

(up to 200J)
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/ Ti:Sa cryo cooling

> Cryo temperatures : better conductivity, i.e. lower thermal lensing
> Use twin architecture (patented solution) a \}— il £

> High beam quality and focus stability

> Already validated on HIBEF Relax laser @ XFEL

Fike Userpeofiks Anaic Vindows Camena Opti

Strehl Ratio = 0.77 measured in Metrology bench in Single Shot operation

-y Data Operation mode: Measured Strehl Ratio:
Reference Measure 5Hz 0.81
: ‘L, Measure 1 Single Shot 0.77
o Measure 2 Single Shot 0.77
TWIN CryoCooler with the two TiSa crystals Ll e L
Measure 4 Single Shot 0.67 .
Measure 5 Single Shot 0.84 Am plltude



/ Conclusion & perspectives

> Control-command and metrology are key for stability of secondary sources
> Need to implement active feedback on relevant parameters
> Thermal management is well advanced for Petawatt lasers at 10Hz

> Current challenge is 100Hz to kHz drivers for industrial applications



A Laser Bright Future

Amplitude
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by Amplitude

Amplitude
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