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Motivations (1). Toward applications of laser-driven particle accelerators: Proton beams
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Motivations (2). Very High Energy Electrons (VHEE) for radiotherapy

Very High Energy Electrons (~100-250MeV) for direct radiotherapy? 
Toward FLASH-effect based modalities…

Recent experiments aimed at demonstrating the feasibility of 
advanced irradiation modalities (similar to current photon based 
radiotherapy) with laser-driven VHEE pencil beams 

L. Labate et al., Sci. Rep. 10, 17307 (2020)

Multi-field irradiation 

Intensity modulation

 (IMRT-like dose painting)
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Motivations (3). Very High Energy Electrons (VHEE) for radiotherapy: Recent experiments @ ILIL-INO-CNR

Path for reaching FLASH-ready dose rates with ~100Hz rep rate 
systems
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Major efforts required to fill the gap between existing and required laser technology 

Context: The need for high rep rate/high average power ultrashort/ultraintense lasers

The EuPRAXIA laser(s)

Average power ranging from 1kW to 10kW

Most of  the foreseen applications of  laser-driven particle accelerators requires particle (or secondary X/gamma-ray photon) beams with a high average flux

This requires high repetition rate laser systems, beyond the ~10Hz level of  nowadays ultrashort/ultraintense systems, which translates into high average power 

lasers 

Current TiSa-based CPA technology (TiSa pumped by frequency doubled, flashlamp pumped Nd lasers) is not foreseen to be scalable to the ~kHz rep rate, basically due 

to thermal management issues

Machine drivers

Medical applications
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EuAPS system at CNR paving the way to the EuPRAXIA laser driver
• EuPRAXIA

• PW class, 

• 100 Hz repetition rate, 

• multi kW average 

power, 

• diode pumped 

• EuAPS@CNR-Pisa

• 30 TW peak power

• 100 Hz repetition rate

• 100 W average power

• Diode pumped

• Thermal load effects

• CURRENT

• PW class, 

• Hz repetition rate, 

• ≈10 W average power

• flashlamp pumped 

• No thermal load transport

Eupraxia laser development is aimed at delivering more efficient, kW class 

PW laser driver for plasma acceleration at >100 Hz rate

“EuAPS” system at CNR: expected to match 

the final EuPRAXIA front-end laser specs

Research platform for studies in the field of 

high average power (high rep rate) laser 

optics, amplification and control, as well as of 

applications of high average flux laser-driven 

particle beams 

Ultrashort pulses (large bandwidth <50 fs)

High repetition rate (100 Hz – 10 kHz)

High average power (~kW -10 kW)

High wall-plug efficiency (>30%) 

Required specs of the EuPRAXIA laser very challenging
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EuAPS – WP4: High Repetition Rate Laser Beamline

Activity of CNR-INO mostly framed within WP4 

Design and construction of a high average power/rep rate laser infratsructure, featuring a 
100Hz, J-class, ultrashort duration, TiSa based (800nm) system

Advanced laser architecture, boasting 
- diode pumping technology for Nd pumps
- final amplifier based on active mirror concept

Active spectral amplitude/phase correction

User oriented approach: efforts to provide users with a state of the art characterization of 
the beam features, as well as flexibility for parameter adjustment/tuning

Full set of longitudinal functions diagnostics (WIZZLER or similar, 3rd order autocorrelation, 
…)

Wavefront characterization and correction
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TiSa laser system upgrade at ILIL: The final layout

Current layout (up to a few weeks ago)

After upgrade (PNRR projects):

Common front-end (@100Hz) driving a) a >200TW, 

1Hz system, and b) >40TW, 100Hz system

Front-end (and 220TW) layout (Amplitude Technologies)

To 100Hz beamline
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The 100Hz amplifier’s optical layout

(awarded to Thales)
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Thales “THEIA” pumps

Courtesy of Christophe Simon-Boisson 
(Thales)
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Courtesy of Sandrine Ricaud/
Christophe Simon-Boisson 
(Thales)

Thales MP amplifiers: “Active mirror” architecture

The CNR-INO laser will feature two active 

mirror amplification stages
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Final positioning of 

the 100Hz system
Laser initially hosted in a new clean room 

close to the FE
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EuAPS high average power beamline: Ideal test bench for LWFA 
stabilization methods based on ML 

Thanks to the unprecedented rep rate (with this class of lasers), the beamline will make up an ideal test bench for ML optimization

Care have been paid to implement laser diagnostic techniques, data acquisition platforms, data transfer, ... which will eventually allow ML optimization 
techniques to be studied in future users’ experiments

Collaboration established on that with IJCLab (CNRS), CNR-ISTI, CNR-IIT

 

Underlying process(es) of LPA intrinsically nonlinear, and depending on several parameters
- Laser: Energy/pulse, focusing conditions, pulse duration, pointing, spectrum, spectral phase, …
- Plasma: Density, density gradients, density profiles, gas species (ionization, injection, laser guiding) 
- Particle beam transport parameters,  

Infrastructure for high-speed data acquisiton and transfer acquired (optical fiber backbone + server for ML-based optimization)
Expected to enable >~100MB/s data acquisition (based on laser operation at 100Hz)
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Active beam pointing stabilization

Project ongoing to develop an active pointing stabilization system able to cope with the long optical path toward the bunker (collaboration with italian companies)



Missione 4 • Istruzione e Ricerca

R&D on ultrashort lasers at ILIL-INO-CNR:
The APOLLO laser (kHz rep rate, ~1kW average power)

Development of  a direct diode pumped, high average power system based on multipulse extraction and ceramic active materials

APOLLO system design specs: pulse duration  ~50-100fs (potential), 

pulse energy > 500mJ, repetition rate 1kHz

Selected material:   Tm:Lu2O3

- Emission at 2 µm (eye-safe)

- Large amplification bandwidth

- Direct pumping at 800 nm, using diodes 

operating in (quasi) CW mode (available and 

scalable)

- Multi-pulse extraction at high repetition rate 

> 1 kHz; Ideal for accelerator technology

- Mature ceramic production technology

Multi-Pulse Extraction: time 

dependent level dynamics

Edge diode pumping

Thermal load
D. Palla, L. Labate*, F. Baffigi, G. Cellamare, L.A. 

Gizzi, Optics & Laser Technology, 156, 108524 (2022)
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Remarkably high slope-efficiency 

demonstrated (with a cross-relaxation 
close to the theoretical maximum value)

Temporal dynamics modelled → 
material parameters measured
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Summary

Studies in the following fields (among others) will be made possible:
Ultrashort and ultraintense laser development
Among others: high power optics, laser damage, new laser and optical materials/coatings, 
laser components, thermal management
Established sources of energetic particles with high average flux 
Among others: particle beams for applications in radiobiology and medicine (toward 
FLASH radiotherapy), material studies with charged particles (for instance, PIXE), study of 
novel materials for advanced applications (fusion science, space applications, …)
ML techniques for stabilizing laser-driven particle sources

A new high average power laser beamline, featuring ultrashort duration, J-class energy laser system at high rep rate (100Hz), to be installed at the Intense 
Laser Irradiation Laboratory of CNR-INO in Pisa 

The new laser system, at the forefront of current ultrashort/ultraintense laser technology as for the average power, will match the performances required 
for the EuPRAXIA front-end laser

Initial commitment on average power fulfilled thanks to 
synergy with the other IR project (IPHOQS)

Laser commissioning expected to be completed within 
november

Budget-wise: All available fundings (apart ~32k + 
overhead) recently allocated
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