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Main activities and 
lab

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

*Also through LASERLAB access to Laser facilities (RAL-CLF(UK), PALS (CZ) and 
within EURATOM Collaboration)
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The lab: the 220TW Target Area

Target Area with radiation shielding inaugurated on March 2018



The lab: the laser system

Front-end and 10TW 
compressor

ILIL 220TW final amplifier 
(~8J)

220TW compressor



R&D on high average power/high rep rate lasers at CNR-INO

Development of a direct diode pumped, high average power system based on novel materials (APOLLO project)

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: long lifetime 
upper level(s), extraction occurs on 
multiple pulses at high rep rate



Overview of EuPRAXIA lasers specs

Key figures
Ultrashort pulses/large bandwidth (20 – 50 fs)
High rep rate (20 – 100 Hz)
High average power (sub-kW – 10 kW)
High wall-plug efficiency (1 – 30%) 

The combination of all these parameters results in 
performances never achieved so far 

EuPRAXIA CDR



General architecture of the EuPRAXIA laser systems



The EuPRAXIA laser(s) front-end(s)



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 
propagation 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
EuAPS@CNR specs: sub-J energy level, <30fs pulse duration, 100Hz rep rate, main amp based on diode technology

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

mailto:HAPLS@ELI
mailto:EuAPS@CNR


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

Laser architecture (tentative): 
- double CPA with XPW pulse cleaning (contrast expected 1011-
1012 at 100ps)
- diode pumping technology for Nd pumps
- final amplifier based on active mirror concept

Active spectral amplitude/phase correction

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

Wavefront characterization (full correction to be tentatively 
carried out using ILIL equipment)

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



EuAPS – WP4 outcomes/time schedule

Most relevant outcomes

New laser laboratory with clean room installation (for the laser system) 

Ultrashort, high rep rate laser, J-class laser system (pulse duration <25fs, pulse energy sub-J, 100 Hz 
repetition rate). The system is expected to boast parameters similar to those expected for the 100 Hz 
option of the front-end laser system of the EuPRAXIA laser, and will thus allow the development of 
further amplification stages of interest for the final EuPRAXIA laser to be carried out.

Laser beam transport vacuum line up to the users end station. 

HPC (GPU based) cluster to be used for advanced, full temporal/spatial scale optical simulations and 
thermomechanical modelling, shared for developments needed by users.

Users end station equipped with a vacuum chamber for testing high power, ultrashort laser optics



List of WP deliverables

D4.1.1 Laser system design (report) M6. Report on the laser architecture selected, including oscillator specs, booster/multipass amplification stages, 
contrast enhancement, (diode) pumping for each amplifier

D 4.1.2 Laser system specifications (report) M20. Report on the final specs of the commissioned laser system; this will include pulse duration, pulse 
energy, ASE/ps pedestal contrast, short/long term energy stability, pulse spectrum, pointing stability

D4.2.1 Laser beam transport (report) M12. Design of the laser beam transport to the user’s end station, including expected performances regarding 
pulse duration, pointing diagnostics and so on

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



Studies related to the EuPRAXIA laser development: transport to target 

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



Studies related to the EuPRAXIA laser development: compressor grating 
technology

Wavefront aberration characterization (thermal lensing, high order aberrations, …)
Beam size manipulation, focusing



Studies related to the EuPRAXIA laser development: beam pointing stability 



Industry activity on 100Hz rep rate, J-class amplifiers: Thales

Courtesy of Christophe Simon-Boisson (Thales)
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Industry activity on 100Hz rep rate, J-class amplifiers: Amplitude
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EuAPS – High Rep Rate Laser Beamline Infrastructure

The new ultrashort, J-class, high rep 
rate laser system is tentatively 
expected to be hosted in the 10TW 
Target Area (~100m2 excluding 
room for ancillaries) currently 
available.
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