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Not in the Outline 

• PetaWatt Ti Sapphire Lasers 

 

 

 

• Medical applications and Protontherapy 

 

 

 

• High power ns lasers 



Ultrafast lasers, 2000s 



EMC and vibration testing 

Ultrafast lasers, today 



Semi-conductor Photovoltaics 

Medical device manufacturing Opthalmology 
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Roadmap 

Mehr Licht ! 



Applications 
• Ophtalmology 

• FemtoLasik 

• Cataract surgery 

• Corneal Graft 

• Presbyopia 

• Bio-imaging 

• Multiphoton microscopy 

• Cars Imaging 

• SHG-THG imaging 

• Intracellular ablation 

• Cell transfection 

• R&D 

• Time resolved spectroscopy 

• THz spectroscopy and imaging 

• Frequency combs 

• High energy physics 

• Instrumentation 

• femtoLIBS 

• Analytical chemistry 

• Atom Probe Tomography 

• Material Processing 

• Medical device manufacturing 

• Stents 

• Catheters 

• Cochlear implants 

• Intra-ocular implants 

 

 

 

 

 

• Semi-conductor, PV, display 

• Dicing, scribing, etching 

• Selective ablation 

• Pixel repair 

• Precision drilling 

• Automotive 

• Drilling, cutting, engraving, 

• Texturing, tribology 

• Texturing, hydrophobic 

• Glass processing 

• Cutting, texturing 

• Micro-welding 

• Waveguide generation 

• Microfluidic channels 

• Internal engraving 

• Tool and mold manufacturing 

• Embossing 

• Texturing 

• Emerging applications 

• 3D nanofabrication 

• Tissue engineering 

• X-ray imaging 

• Laser protontherapy 
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Applications 

• High energy physics 



• Thin disk 

 

 

 

• Photonics crystal fiber 

 

 

 

• Slab 

Towards high average power 



100W 

Ytterbium 



Outline 

• Industrial ultrafast lasers 

 

• Future roadmap 

 

• Ultrafast lasers and high energy physics 

• Accelerators 

• ELI 

• ICANN 



• Photocathode 

• Laser heater 

• Laser wire 

• Pump probe experiments 

• Tim resolved X-ray spectroscopy 

• Time-resolved photo-emission spectroscopy 

• Time-resolved X-ray diffraction 

• FEL seeding (low order harmonics or HHG) 

• Inverse compton scattering 

• Slicing 

• Direct particule (e-, proton, ion…) acceleration 

Particule accelerators 



Laser architecture 

Optional Timing 

+ 

Synchrolocked  

Oscillator 

Choose your amplifier 

Residual jitter < 10 fs rms 



Laser architecture 

Optional Timing 

+ 

Synchrolocked  

Oscillator 

Choose your amplifier 

High repetition rate (up to 

10’s MHz) 

High energy (up to multi-

mJ) 

Residual jitter < 10 fs rms 



Laser architecture 

Optional Timing 
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NL 

SHG 

THG 

FHG 
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Temporal and spatial Shaping 
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Performances 

1 crystal 2 crystals 

4 crystals 3 crystals 

UV temporal shaping 

UV beam shaping 

UV stability 

Timing jitter 



X-ray pump probe 

Optional Timing 
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Synchrolocked  
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X-ray pump probe 

Optional Timing 

+ 

Synchrolocked  

Oscillator 

Choose your amplifier Choose your Options 
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NL 

SHG 
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First MHz laser installation  

at XFEL-ESRF Synchrotron 

XFEL - ESRF 



And also… 
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Electron  

Acceleration 

(LINAC) 

Interaction laser #1 

400mJ 100Hz 5ps 

Photocathode 

 laser 

32x3mJ 

Interaction 

cavity #1 

Gamma beam #1 

Low photon energy 
Photo- 

cathode 
Interaction 

cavity #2 

Gamma beam #2 

High photon energy 

Interaction laser #2 

400mJ 100Hz 5ps 

ELI-NP High Intensity Gamma Source 

To be commissioned in Magurele (Romania) in 2018 

SHG THG 
SHG 

LINAC 

Laser for Gamma source 



Yb oscillator 
Yb regenerative 

amplifier 
stretcher 

compressor 

Frequency 

convertor 

Main 

amplifier 

600mJ 100Hz  

100ps 1030nm 

400mJ 100Hz  

5ps 1030nm 

50mJ 100Hz  

200ps 1030nm 

200mJ 100Hz  

3,5ps 515nm 

1nJ 50MHz  

2ns 1030nm 
2nJ 50MHz  

200fs 1030nm 

booster 

150mJ 100Hz  

100ps 1030nm 

Interaction point 

Deformable 

mirror 

RF clock 

Interaction laser architecture 



Interaction laser layout 
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Oscillator Splitter Combiner 

Amp 1 

Amp 2 

Amp N 

…
 

f2 

f1 

fN 

Phase 

Correction 

Output 

Rejection 

Coherent Amplification Network 

 



Oscillator Splitter Combiner 

Amp 1 

Amp 2 

Amp N 

…
 

f2 

f1 

fN 

Phase 

Correction 

Output 

Rejection 

Coherent combining as next 

generation particule accelerator 

concept 

 Coherent amplification network 



Joint DEFI R&D laboratory with Institut d’Optique 

 

> 10 publications since 2011 in high energy coherent combining 

 

 

 

Coherent Combining 



100 kHz, 0.6 mJ, 60W, 300 fs 

 Rep. Rate [kHz] 100 kHz 

Max pump power (W) 155 

Combined average power 

(W) 
77 W  

Combining efficiency  [%] > 93 

Compressed & combined 

average power  [W] 
60 W 

Max energy  [µJ] 600 µJ 

Autocorrelation (fs) 450 

Spectral width (nm) 4.5 

Duration  [fs] 310 

M² < 1.2 

High average power DPA 



ICANN 

 

- Coherent combining of multiple fiber amplifiers 
 

- Lower channel counts 
- Higher efficiency 

- Reduced complexity 

- Lower overall cost / exploitation cost 

- Higher reliability 
 

- The technology already exists and is at an industrial stage 

today! 

 

- Amplitude Systemes in the context of CAN 
- Co-authored ~50 % of scientific publications  

- Is already offering coherent combining solutions 

- Natural partner for large scale project 

- Amplitude Technologies : Leader in high intensity infrastructures 

- Amplitude Systemes :  Largest manufacturer of high energy fiber 

amplifiers 



Conclusion 

 

- Ultrafast lasers are today at the heart of many industrial 

processes. 

 

- The scientific community stands to benefit from a decade of 

industrial ultrafast laser development. 

 

- High average power, high repetition rate, tunability, short pulses 

 

- Accelerators, ELI, ICANN 

 

- Amplitude Group as an ideal partner for this next frontier 



Thank you for your attention! 


