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Main research fields
Laser-plasma interactions in ICF and Shock ignition*
Laser-driven instabilities and plasma characterization
Diagnostics of ICF-relevant plasmas

Laser-driven particle accelerators
Electron acceleration and X-rays radiation 

sources
Light Ion acceleration

Applications in medicine, material science, ...
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R&D on laser-driven VHEE sources for advanced radiotherapy protocols (FLASH radiotherapy)

RT approaches with LWFA VHEE pencil beams • Dose up to 2 Gy (using 200 laser 
shots) delivered in a 2 mm 
diameter pencil beam at 50mm 
water depth.

• Dose “painting” with sub-mm 
resolution demonstrated.

• In perspective, FLASH-RT needs 
therapeutic doses (tens of Gy) in a 
short time (200 ms)

• This is challenging for all 
accelerators (including RF)

• LPA can address with compact 
footprint, with highest charge per 
bunch and high repetition rate 
(>100 Hz).

Multi-field irradiation of a mm-sized target volume
IMRT-like dose painting

RT modalities/protocols exploiting the FLASH effect (>~40Gy/s, ~200ms irradiation time) require high 
charge/(average)current particle beams, with the required penetration depth to allow deep seated tumors to be treated

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

Laser-driven VHEE beams among the most promising candidates for FLASH RT

Maximum dose on the “target” volume 2.5x the dose at the 
entrance and 4x the dose a few mm apart
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R&D on high quality laser-driven electron beams: The REMPI LWFA scheme and 
advanced optical schemes for ultrashort pulse train generation
Motivation: Generating high quality LWFA beams for FEL (EuPRAXIA)

The REMPI scheme combines 
some of the most advanced 
concepts conceived to date in 
LWFA to deliver high quality 
electron beam to drive an X-ray 
FEL
P. Tomassini et al., Physics of Plasmas 24, 103120 (2017)

Novel concepts for ultrashort pulse train generation

Time
domain

G. Vantaggiato et al., NIM A 909, 114 (2018)
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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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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 will be undertaken 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 (full correction to be tentatively carried out using ILIL 
equipment)
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Challenges on laser-drivers for future LPAs

Most of the current PW-scale facilities worldwide use indirect 
pumping CPA architectures, based on TiSa (~30fs, ~10J, up to 10Hz), 
with flashlamp based pump lasers (notable exception HAPLS@ELI (ELI 
laser L3)) 

A major limitation to the increase of the rep rate toward the 100Hz 
level is due to the management of the thermal load on gain media 
(on both pumps and TiSa), as well as on the transport optics, 
gratings, …

Other (possibly related issues): thermal lensing/wavefront 
aberrations, pointing stability, ...

The laser system to be installed in the EuAPS facility pillar at CNR-INO in Pisa will allow some of these issues to be investigated

L.A. Gizzi et al., in F. Albert et al., 2020 roadmap on plasma accelerators, New J. Phys. 23, 031101 (2021)

mailto:HAPLS@ELI
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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

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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General architecture of the EuPRAXIA laser systems
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Optical architecture of the EuAPS 100Hz system at CNR

OPCPA 
front-end

Stretcher

Preamplifier
Ti:SA mutipass 

DPSSL pump 

Joule scale / 100 Hz / > 100 W

High average power 
Compressor

DISK amplifiers

High averge power
transport to target

High repetition rate 
target

HRR Data 
collection

Laser driver 
stability
Control
(Eupraxia DN)

Front-end

Strong industrial engagement 
(THALES, AMPLITUDE …) also 
motivated by EuPRAXIA

100 Hz, >100 W average
power – Eupraxia front end 
and HAP R&D 
High repetition rate target 
and data collection (with 
possible ML stability loop)
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List of WP deliverables

D4.1.1 Laser system design (report) M6. Report on the laser architecture selected, including expected figures
D 4.1.2 Laser system specifications (report) M20. Report on the final specs of the commissioned laser system

D4.2.1 Laser beam transport (report) M12. Design of the laser beam transport to the user’s end station
D4.2.2 User’s beam specs and available operation modes (report) M22. Report on the expected laser figures at the user’s 
end station, which includes the possibility of beam longitudinal/transverse functions tailoring according to the user’s needs

D4.3.1 Infrastructure design (report) M8. Preliminary design report of the whole infrastructure
D4.3.2 User’s area capability design (report) M22. Report on the user’s area, including the expected user’s station and 
related facilities/devices, timing/synchronization capabilities, irradiation station(s) characteristics/footprints
D4.3.3 Final infrastructure report, including full beam line specs and available options (report) M30. Final report on the 
infrastructure, including all beam line specifications, with a user-oriented approach

EuAPS – WP4 outcomes/time schedule

Laser

Transport

Infrastructure
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Expected studies to be carried out at the EuAPS high average power beamline

Wavefront aberration characterization (thermal lensing, high order aberrations, …)
Beam size manipulation, focusing
Beam diagnostics/manipulation at high rep rate (high frequency feedback loops)

Ultrahigh average/peak power laser beam transport Compressor grating technology
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Expected studies to be carried out at the EuAPS high average power beamline: pointing stability in high 
power laser and active stabilization techniques

“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



Missione 4 • Istruzione e Ricerca

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

ML techniques can “recognize” patterns in the 
system changes (drifts, ...) and apply corrections

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

Care will be paid to the development of the beamline 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 LASERIX and CNR-ISTI

R. Lehe, EURONNAC 2022
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Industry activity on 100Hz rep rate, J-class amplifiers: Thales

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

Industry activity on 100Hz rep rate, J-class amplifiers: Thales
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Courtesy of Franc Falcoz/Stephane Branly 
(Amplitude)

Industry activity on 100Hz rep rate, J-class amplifiers: Amplitude
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Time Schedule EuAPS
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WP4 – 1/2
Deliverable Due Date % Complete

4.1 High rep.rate laser system
Laser system design (report) (first payment) 01/06/2023 50%

Laser system design (report) (second payment) 01/04/2024 0%

Laser system specifications (report) (final payment) 01/08/2024 0%

4.2 High rep.rate laser system diagnostics transport and beam 
conditioning
Laser beam transport (report) (Laser transport and manipulation full-scale 
modelling)

01/04/2023 25%

Laser beam transport (report) (Definition and procurement of optics, 
optomechanics, etc. for laser beam transport)

01/10/2024 0%

Laser system specifications (report) (Definition and procurement of laser 
beam temporal diagnostics)

01/10/2024 0%
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WP4 – 2/2

Deliverable Due 
Date

% Complete

4.3 High rep. rate laser infrastructure and users end station
Infrastructure design (report) 01/04/2024 25%

Laser beam transport (report1) (procurement of optical tables) 01/08/2024 0%

Laser beam transport (report2) (procurement of vacuum 
pipes/pumps/steering chambers for beam transport)

01/02/2025 0%

User’s area capability design (report) 01/04/2025 0%
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Summary
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 

Beamline accessible via a dedicated user station in a new underground area, built taking advantages of synergies with another NG-EU 
infrastructure (IPHOQS).

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, 
material studies with charged particles (for instance, PIXE), study of novel 
materials for advanced applications (fusion science, space applications, ...)

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


