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Grand challenges of laser-plasma science



Broader view: intense laser labs



Broader view: accelerator based light sources&infrastructures

European Laser Science and Technology Landscape and Roadmap (by LASERLAB EUROPE & ELI-ERIC)



Broader view: novel medical accelerators for radiotherapy







Main principles of a laser



The origin of lasers in the lab

















PULSE DURATION AND Bandwidth



VIA UNCERTAINTY PRINCIPLE



WAVELENGTH-WISE







Key GAIN MATERIAL: Titanium doped  Sapphire



ALTERNATIVE APPROACH





High intensity lasers: evolution















Relevant blocks of a laser driver



LWFA: laser power and quality control









Active spatial phase control technique can be used to correct severe to moderate phase distortions;
Sensors are used to measure intensity and phase map of the beam;
Deformable mirrors are used to correct the measured wave front distortions in a closed loop

















Major effort required to fill the gap between and laser technology

Machine drivers

Average power



Relevant blocks of a laser driver





Roadmap on LPA Laser Driver technology





Current industrial system: 100 Hz, J-scale

At the 
limit of 
current 
industrial 
capability



HAPLS: Fully diode-pumped rep-rated PW system









Underpinning EuPRAXIA-like Laser driver





Efficiency path

We need a gain medium that can support amplification on a  large bandwidth, has a low quantum defect
and can be pumped directly with diode lasers: endless quest for the perfect laser medium!!



Roadmap on LPA Laser Driver technology



Several options under development





Coherent Combination



kHz intense laser driver development



Currently under investigation(*): Tm:YLF

Emission at 1,9 µm, eye safe;

Ultrashort pulse (<100 fs);

High peak power ≈ PW;

High average power(scalable from kW to 300 kW);

Direct pumping at 808 nm, using diodes operating in 
CW mode (available and scalable);

Multi-pulse extraction at high repetition rate 

10 kHz; Ideal for accelerator technology;

High efficiency;

Mature material technology (crystal growth);

Ti:Sa Tm:YLF

C. Haefner et al., EAAC 2017

Absorption peak wavelength 792 nm
Absorption cross-section at peak 0.55 10-20 cm2
Absorption bandwidth at peak wavelength 16 nm
Laser wavelength 1900 nm
Lifetime of 3F4 thulium energy level 16 ms
Emission cross-section @1900 nm 0.4 10-20 cm2
Refractive index @1064 nm no=1.448, ne=1.470
Crystal structure tetragonal
Density 3.95 g/cm3
Mohs’ hardness 5
Thermal conductivity 6 Wm-1K-1
dn/dT -4.6 10-6 (//c) K-1 
Thermal expansion coefficient 10.1 10-6 (//c) K-1
Typical doping level 2-4 at.%

Tm: YLF Full specifications

Relatively new approach for short pulse operation: needs R&D, but promising

Thulium based laser gain materials



Recent advances with Tm:YLF



Recent advances with Tm:YLF



Laser grade ceramic option



Ceramic option: Tm in sesquioxide host



Ceramic option: Tm Lu2O3
Laser material:  Tm:Lu2O3

Emission at 2 µm;
Large amplification bandwith
Direct pumping at 800 nm, using diodes operating in CW mode (available and scalable);
Cross relaxation partially compensates quantum defect – option of in-band pumping.
Multi-pulse extraction at high repetition rate > 10 kHz; Ideal for accelerator technology;
Mature material technology (large ceramic).



Test platform



Fundamentals for high efficiency?



Higher WPE: In-band pumping for low QD



In-band pumping of Tm:Lu2O3



In-band pumping of Tm:Lu2O3



kHz laser development at ILIL



kHz front-end: operational



Gain medium design and pumping



Summary considerations on high power lasers


