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Building a facility with very high field plasma 
accelerators, driven by lasers or beams

1 – 100 GV/m accelerating field

Shrink down the facility size
Improve Sustainability

1

Producing particles and photons to support 
several urgent and timely science cases

Drive short wavelength FEL
Pave the way for future Linear Colliders

2
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A New European High-Tech User Facility
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https://www.eupraxia-facility.org/
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The EuPRAXIA CDR (2020)
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• First ever design of a plasma accelerator facility.

• Conceptual Design Report for a distributed research 

infrastructure funded by EU Horizon2020 program. 

Completed by 16+25 institutes.

• Challenges addressed by EuPRAXIA since 2015:

• Can plasma accelerators produce usable electron beams?

• For what can we use those beams while we increase the beam 

energy towards HEP and collider usages?

• Next phase consortium, ESFRI: > 50 institutes 

• Preparatory Phase project:   2022 – 2026 (approved)

• Start of 1st operation:   2029

http://www.eupraxia-project.eu 

600+ page CDR, 240 scientists contributed

18/12/2024
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The Plasma Accelerator: The Next Step?
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~100 µm

Electron beam

Laser or beam driver

Wakefield due to space 
charge oscillation inside 

plasma → 10 – 100 GV/m

Very strong fields can be produced in plasmas and we know how to construct a particle accelerator with them (idea  of 

Tajima & Dawson 1979). A 1 TeV collider in 10-100 meters? Not so easy...

Illustrations from A. Ferran Pousa
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Basic beam  quality achieved in pilot FEL experiments
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Intense R&D Program on critical components
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• Electrons 
(0.1-5 GeV, 30 pC) 

• Positrons 
(0.5-10 MeV, 106)

• Positrons (GeV source)

• Lasers 
(100 J, 50 fs, 10-100 Hz)

• X-band RF Linac 
(60 MV/m , up to 400 Hz)

• Plasma Targets

• Betatron X rays 
(1-10 keV, 1010)

• FEL light 
(0.2-36 nm, 109-1013)
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• The EuPRAXIA Consortium today: 54 institutes from 18 countries plus CERN 

• Included in the ESFRI Road Map

Wide International Collaboration

• Efficient fund raising:

−Preparatory Phase consortium(2022-26)
(funding EU, UK, Switzerland, in-kind)

−Doctoral Network (funding EU, UK, in-
kind)

−EuPRAXIA@SPARC_LAB (Italy, in-kind)

−EuAPS Project (Next Generation EU)

−PACRI (2025-29)
7Journée du GDR SCIPAC (CEA Saclay)18/12/2024
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Phased Implementation of Construction Sites
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Phase 1 ✓ FEL beamline to 1 GeV 
+ user area 1

✓ Ultracompact positron 
source beamline + 
positron user area

✓ FEL beamline to 1 
GeV + user area 1

✓ GeV-class positrons 
beamline + positron 
user area

Phase 2 ✓ X-ray imaging 
beamline + user area

✓ Table-top test beams 
user area

✓ FEL user area 2

✓ FEL to 5 GeV

✓ ICS source beamline + 
user area

✓ HEP detector tests 
user area

✓ FEL user area 2

✓ FEL to 5 GeV

Phase 3 ✓ High-field physics 
beamline / user area

✓ Other future 
developments

✓Medical imaging 
beamline / user area

✓ Other future 
developments
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EuPraxia Timeline and Rationale

Journée du GDR SCIPAC (CEA Saclay)18/12/2024



Funded by the 
European Union

• Managerial WP`s

• Outreach to public, users, EU decision makers and industry

• Define legal model (how is EuPRAXIA governed?), financial model, rules, user 
services and membership extension for full implementation

• Works with project bodies and funding agencies → Board of Financial Sponsors

• Technical WP‘s :

• Update of CDR concepts and parameters, towards technical design (full 
technical design requires more funding)

• Specify in detail Excellence Centers and their required funding: TDR related 
R&D, prototyping, contributions to construction

• Help in defining funding applications for various agencies

• Output defined in milestones & deliverables with dates

10

Preparatory Phase Main Goals

Journée du GDR SCIPAC (CEA Saclay)18/12/2024



Funded by the 
European Union

11

EuPRAXIA_PP Project Coordinator: Pierluigi 
Campana (INFN)

Journée du GDR SCIPAC (CEA Saclay)

WP1 - Coordination & Project 
Management
P. Campana, INFN

M. Ferrario, INFN

WP2 - Dissemination and Public 
Relations
C. Welsch, U Liverpool

S. Bertellii, INFN

WP3 - Organization and Rules

A. Specka, CNRS
A. Ghigo, INFN

WP4 - Financial & Legal Model. 
Economic Impact
A. Falone, INFN

WP5 - User Strategy and Services
F. Stellato, U Tor Vergata

E. Principi, ELETTRA

WP6 - Membership Extension 
Strategy
B. Cros, CNRS

A. Mostacci, U Sapienza

WP7 - E-Needs and Data Policy

R. Fonseca, IST
S. Pioli, INFN 

WP8 - Theory & Simulation

J. Vieria, IST

H. Vincenti, CEA

WP9 - RF, Magnets & Beamline
Components

S. Antipov, DESY
F. Nguyen, ENEA

WP10 - Plasma Components & 
Systems

K. Cassou, CNRS
R. Shalloo, DESY

WP11 - Applications
G. Sarri, U Belfast

E. Chiadroni,U Sapienza

WP12 - Laser Technology, Liaison to
Industry
L. Gizzi, CNR

P. Crump, FBH

WP13 - Diagnostics
A. Cianchi, U Tor Vergata
R. Ischebeck, EPFL

WP14 - Transformative Innovation 
Paths
B. Hidding, U Dusseldorf
S. Karsch, LMU

WP15 - TDR EuPRAXIA @SPARC-lab

C. Vaccarezza, INFN
R. Pompili, INFN

WP16 - TDR EuPRAXIA Site 2
A. Molodozhentsev, ELI-Beamlines

R. Pattahil, STFC

WP’s on coordination & 
implementation as ESFRI RI 
(organization, legal model, 
financing, users)

WPs on technical implementation and sites 

Coll. Board
M. Ferrario 

Steering

Committee

Scientific 

and 
Technical 
Advisory 

Board

Board of

Financial 
Sponsors
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Headquarter and Site 1: 
EuPRAXIA@SPARC_LAB
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• Frascati’s future facility
• > 130 M€ invest funding
• Beam-driven plasma 

accelerator
• Europe’s most compact 

and most southern FEL
• The world`s most 

compact RF accelerator 
(X band with CERN)

18/12/2024
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RF power modules

1 GeV LINAC

Beam user areas

FEL user area @4nm

Undulators

Plasma module

0.5 PW Laser

Secondary
Sources

13

EuPRAXIA@SPARC_LAB
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High Quality Electron Beams
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Courtesy E. Chiadroni
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World`s Most Compact RF Linac: X Band 
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Courtesy D. Alesini

55 m

18/12/2024
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Plasma Module

Journée du GDR SCIPAC (CEA Saclay)Courtesy A. Biagioni, R. Pompili

3.5 m

18/12/2024
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Radiation Generation: FEL
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Courtesy L. Giannessi

40 m

50-100

18/12/2024
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Research at EuPRAXIA (Frascati site)
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2nd site candidates (laser-driven PA)
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EPAC,Didcot, GB

ELI-Beamlines, Prague, CZc

CNR,Pisa, IT

CLPU,Salamanca, ES

18/12/2024 19
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2nd site candidates (laser-driven PA)
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EPAC,Didcot, GB

ELI-Beamlines, Prague, CZc

CNR,Pisa, IT

CLPU,Salamanca, ES

18/12/2024 20

Decision by collaboration targeted in march 2025
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Towards EuPRAXIA Laser Specs
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• EuPRAXIA
• PW class, 

• 100 Hz repetition rate, 
• multi kW average power, 

• diode pumped 
• Full thermal load transport

• EuAPS
• 50 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

s
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4Update on ESPP Roadmap – EAAC 2003 - Wim Leemans & Rajeev Pattathil

Timelines for R&D on plasma-based 

colliders: how does the other HALF fit in? 

R&D on EuPRAXIA will de-risk HALHF and other 

plasma-based collider concepts considerably

22

ESPP Roadmap Update – Plasma Accelerators
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Timeline
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EuPRAXIA Consortium Network
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“Tiered” structure of EuPRAXIA Collaboration
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User Categories

R. Assmann, M. Ferrario - 4 July 2023



Funded by the 
European Union

(Liste non exhaustive, à compléter, excuses pour les oublis)

• collaboration management, organisation (LPGP, LLR)

• 200MeV laser plasma injector proto-type PALLAS(IJC-Lab), EARLI(LPGP)

• Laser (and laser-associated tech) development (LULI)

• Laser guiding in optically formed plasma channels (LOA) ?

• Compact beam capture and diagnostics (LLR)

• simulation of conventional and novel injector schemes (LPGP, LIDYL, LLR)

27

Contributions françaises potentielles
(preparatory phase & au delà)
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• EuPRAXIA: ESFRI project (!) for a distributed European Research Infrastructure, 
building two plasma-driven FEL´s in Europe. 

• EuPRAXIA FEL site in Frascati LNF-INFN is sufficiently funded for first FEL user
operation in 2029.

• Second EuPRAXIA FEL site will be selected in next months, among 3 excellent
candidate sites.

• Concept today works in design and in reality. 

• The facility has to demonstrate solve stability and up-time for 24/7 user operation.

• Collaboration and user model will determine 3rd country contributions.

• in-kind contributions and bilateral collaboration agreements to start with

• Opportunity to initiate collaborations at world-class facilities, now. 

28

Conclusions
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