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Demanding high power laser-based applications
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High-Average-Power Ultrafast LasersThomas M. Spinka and Constantin Haefner, 2017

Mostly science driven so far: relying on public funding 
for the delivery of lasers with unique specifications.
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FEMTOSECOND LASERS @ INDUSTRY
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FEMTOSECOND LASERS @ INDUSTRY
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FEMTOSECOND INDUSTRIAL LASERS

Industry addressing direct use of fs lasers, e.g. material processing and surface 
functionalization with up to kW average power, ≈100 fs lasers , repetition rates up 
to ≈GHz, pulse energy between 2.5-250µJ, for a MW peak power

> kW average power ≈10 fs lasers, repetition rates up to 10 kHz, pulse energy 1-
100 J, for a 100 TW peak power.

Needs for indirect 
(plasma based) e.g. 

laser-based 
accelerators
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Average power needs (Ultrashort pulses)

6

ICF
beamline

INDUSTRIAL 
MANUFACTURING 
USP LASERS
(Automotive, ICT, mobile TLC …

FLASH-VHEE 
Radiotherapy
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Towards Medical Accelerators

V. Favaudon et al., Science Translational Medicine 6, 245ra93 (2014)

[1] C DesRosiers et al 2000 Phys. Med. Biol. 45 1781,  

High dose-rate radiobiology and the “FLASH effect”

Flash: dose to be delivered in a very short time <200 ms (to date) 

• Same therapeutic effect on tumor tissue
• Sparing of healthy tisssue

VHEE beams

FLASH-RT requires therapeutic doses (multi Gy) in a short time (in ≈100 ms)
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VHEE: Dose per shot

FLASH-RT therapeutic doses (multi Gy) in a short time (in ≈100 ms) require high repetition rate (>100 Hz or higher)

L. Labate et al., Scientific Reports 10, 17307 (2020)
A. Borghini et al., Int. J. Mol. Sci. 25(5), 2546 (2024)
C. Panaino et al., Phys. Med. Biol, (2024), Submitted

Energy spectrum

Longitudinal dose profile

Transverse dose profile

>2.5 cGy/shot

https://doi.org/10.3390/ijms25052546
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Novel medical accelerators for radiotherapy
Strong momentum for Very high energy electrons (VHEE) accelerator development

Needs high average power, high repetition rate lasers to meet FLASH-RT specifications

Synergy with EuPRAXIA 
concerning “driver”mode 
of operation:
• high repetition rate
• beam quality
• pointing stability
• ML control system
• long-term operation
• beam transport
• modularity
• 24/7 operation
• cost of operation

C. Panaino et al., Phys. Med. Biol, (2024), Submitted
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Relevant research and Industrial endeavours …
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Companies /PP Programmes Country

TAU Systems USA

SourceLAB France

Ebeam4Therapy Israel

Aukelos Italy

LAPLACE France

THE Italy

HZDR Germany

ELI Czech Republic

A non-exhaustive list of focused initiatives 
aiming at radiotherapy applications of LPA

Large companies (Varian, Elekta, Accuray, IBA, ViewRay, Hitachi etc … ) make commercial viability highly challenging 
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Inertial Fusion Ignition
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National Ignition Campaign 
(2011-2013) Max fusion output 
≈ 3 kJ

LONG AND DIFFICULT WAY TO SUCCESS

In December 2022, experiments performed at the National Ignition Facility (NIF) in the U.S. have demonstrated 
a “net energy gain” from an inertial confinement fusion (ICF) experiment Gain =  3.15MJ / 2.05 MJ = 1.54 

Major impact of NIF Ignition demonstration 

Broad research programmes on 
IFE being engaged worldwide
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Energetics of Fusion
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ICF (pulse: Energy)

Driver efficiency: 0.5%

Driver efficiency of lasers still at the 1st generation: 20-40x improvement possible

MCF (CW: Power)

Driver efficiency: 2-3%
https://news.newenergytimes.net/

ICF is the first Fusion experiment to demonstrate ignition and breakeven* (Eout>Ein)
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ICF: A single laser consisting of many beamlines
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The NIF driver consists of 192, forty-centimeter square laser beams arranged in bundles of 4 × 2 beams, six bundles 
to a cluster, two clusters to a laser bay, two laser bays.

The basic unit is a beamline delivering 
pulses of 10 kJ, a few ns in duration, 
frequency tripled to 351 nm.

Modular structure: main effort goes in finalizing and building the unit beamline. Then replication (industrial production)…

Amplifiers: 3,072 42-kilogram neodymium-doped 
phosphate glass: 16 glass slabs per beam
> FLASHLAMP pumped
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Laser challenge for IFE
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• Today’s laser efficiency (electricity to laser energy) is < 1%

• Large scale ICF facilities (NIF, LMJ, SG-III) can fire typically 1 shot/day

• They use 350 nm light (near UV, third harmonic of Nd:glass lasers)

For a reactor we need to:

• Develop more efficient laser (≥ 10%)

• Develop high repetition rate laser (10 Hz)

• Use 2w light (532 nm) to reduce damage to optics

• Develop broadband lasers (to quench parametric instabilities)

Advances possible by using diode pump lasers (overall efficiency up to 20% possible)

Existing diode pumped systems (e.g. DIPOLE) provide kW average power;

Laser systems like L4n at ELI-beamlines already offer higher repetition rate (≈ 1 shot /min) and larger broadband.
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Laser Fusion Programmes: US
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https://lasers.llnl.gov/news/fusion-ignition-and-the-path-to-inertial-fusion-energy

DOE Launches Inertial Fusion Energy Program After Ignition Breakthrough
JUN 06, 2023 
Following Lawrence Livermore National Lab’s fusion breakthrough last year, DOE is creating new research hubs to stimulate advances in inertial fusion energy and is funding a pair of 
companies developing inertial fusion reactor concepts through a separate program dedicated to nurturing the nascent fusion industry. 

“[] deepening understanding of the physics of fuel targets and improving methods of manufacturing and rapidly focusing beams on 
them. Other goals include improving the “scalability, modularity, survivability, compactness, and cost” of lasers and other fusion 
drivers as well as performing experiments that validate “high-gain target designs on large-scale facilities.”



L.A.Gizzi, EuPRAXIA Annual Meeting, 2024

Funded by the 
European Union

www.eupraxia-pp.org

Laser Fusion Programmes: Germany
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Full list of the memorandum’s high-level 
recommendations:
•2.1 Fusion energy is in the national interest: 
pursuing both an IFE and an MFE program is 
essential
•2.2 Urgency to move now
•2.3 Building trust for fusion energy
•2.4 Need for establishing competency-based 
fusion hubs
•2.5 Focus needed for establishing successful 
leadership in IFE
•2.6 Evaluating and prioritization of IFE concepts
•2.7 Develop an integrated system
•2.8 Establish public private partnerships
•2.9 Establish international collaborations
•2.10 Strategize on IFE implosion facility
•2.11 Maintain IFE approaches until assessment 
studies are done
•2.12 Assess IFE programs for accountability
•2.13 Build and maintain German competencies
•2.14 Development of an IFE curriculum is 
needed
•2.15 Need for a high brilliance, pulsed fusion 
neutron source
•2.16 Support German industry
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Laser Fusion Programmes: UK
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Laser Fusion Programmes: France
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Laser Fusion Programmes: France
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Fusion Companies
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Laser Fusion Companies: Focused Energy
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Laser Fusion Companies:HB11
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Laser Fusion Companies: HB11
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Laser Fusion Companies: MarvelFusion
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Laser Fusion Companies: BLF
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EU: Public-Private Partnership for IFE RI
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http://www.hiper-laser.org/.

Route from user facility to reactor design through public-private partnership 
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A view for long term scenario of ICF in Europe
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S. Banerjee et al., Opt. Express 23, 19542 (2015).
R. Platz et al., High Power Laser Sci. Eng. 4, e3 (2016).

5.2. Development of the IFE laser technology and construction of ICF laser systems
(1) Development of a broadband kJ/ns HRR laser module.
(2) Development of adaptive spatial and temporal pulse shaping
(3) Development of DPSSL technology and optics.
(4) Design and construction of an HRR laser module at 10 kJ and 10 kW.
(5) Development of an HRR laser module for the neutron source for material testing.
(6) Construction of the ICF-TEST facility using a staged modular approach.
(7) Upgrade and exploitation of ICF-TEST facility (sub-Hz repetition rate).
(8) Construction of full-scale IFE-DEMO facility.
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Public-Private Partnership for IFE RI: 1st step
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Design study
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ICF/IFE Laser beamline: HiPER+
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Possible schematic layout of the single laser beamline showing the different amplification stages and the two levels of operation to 
be designed by WP4 to deliver ignition scale pulse energy on target (L1) and to address reactor level technology development
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Optics manufacturing
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“Production of laser optics, including methods to extend the lifespan and increase the laser-induced damage threshold 
(LIDT) of the kind of dielectric optics that are essential for large-scale laser facilities. These high-power laser pulses are 
increasingly being investigated for developing inertial fusion power plants, paving the way for CO2 free energy generation.”

https://www.electrooptics.com

Improve LIDT for better operation and lifetime

Ongoing effort also at ELI sites on custom optics manufacturing
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EuPRAXIA synergy with ICF/IFE
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Synergy with EuPRAXIA concerning “High Average power”mode of operation:
• Massive use of diode lasers
• Scalability
• Long-term operation
• Beam transport
• Modularity
• 24/7 operation
• cost of investments and operation
• Need of industry to deliver components, modules, laser
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Conclusions

• Development of affordable laser technology for EuPRAXIA can benefit from 
large investments in other fields;

• Innovation in radiotherapy can boost a credible industrial laser-based plasma 
acceleration;

• Laser Fusion energy roadmap has a major socio-economic impact and major 
private investments (>6G€ to date);

• IFE reactor-level laser technology matching EuPRAXIA facility 
mission/installation

• Learn from public-private partnerships model of IFE to manage the high-risk 
inherent with the current early stage of industrial development.



L.A.Gizzi, EuPRAXIA Annual Meeting, 2024

Funded by the 
European Union

www.eupraxia-pp.org 33

Acknowledgements

This project has received funding from the European Union’s Horizon Europe research and 
innovation programme under Grant Agreement No. 101079773. It is supported by in-kind 
contributions by its partners and by additional funding from UK and Switzerland.

This project has received funding from the European Union´s Horizon Europe research and 
innovation programme under grant agreement no. 101073480 and the UKRI guarantee funds.

• EuPRAXIA Preparatory Phase

• EuPRAXIA Doctoral Network

This publication has been made with the co-funding of European Union Next Generation EU.

• EuAPS


	Synergies for laser development between EuPRAXIA and other fields including fusion and industry
	Demanding high power laser-based applications
	FEMTOSECOND LASERS @ INDUSTRY
	FEMTOSECOND LASERS @ INDUSTRY
	FEMTOSECOND INDUSTRIAL LASERS
	Average power needs (Ultrashort pulses)
	Towards Medical Accelerators
	VHEE: Dose per shot
	Novel medical accelerators for radiotherapy
	Relevant research and Industrial endeavours …
	Inertial Fusion Ignition
	Energetics of Fusion
	ICF: A single laser consisting of many beamlines
	Laser challenge for IFE
	Laser Fusion Programmes: US
	Laser Fusion Programmes: Germany
	Laser Fusion Programmes: UK
	Laser Fusion Programmes: France
	Laser Fusion Programmes: France
	Fusion Companies
	Laser Fusion Companies: Focused Energy
	Laser Fusion Companies:HB11
	Laser Fusion Companies: HB11
	Laser Fusion Companies: MarvelFusion
	Laser Fusion Companies: BLF
	EU: Public-Private Partnership for IFE RI
	A view for long term scenario of ICF in Europe
	Public-Private Partnership for IFE RI: 1st step
	ICF/IFE Laser beamline: HiPER+
	Optics manufacturing
	EuPRAXIA synergy with ICF/IFE
	Conclusions
	Acknowledgements

