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Equivalent 
Energy

Energy of colliders is plotted in terms of the laboratory energy of particles colliding with a proton at rest to reach the same center 
of mass energy.

Livingstone Diagram



Courtesy R. Assmann

Livingstone Diagram with PWFA



Funded by t he 
European Union

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

A New European High-Tech User Facility

https://www.eupraxia-facility.org/

EuPRAXIA is the first European project that develops a dedicated particle accelerator research infrastructure 
based on novel plasma acceleration concepts driven by innovative laser and linac technologies.

https://www.eupraxia-facility.org/


Principle of plasma acceleration

Courtesy of BELLA



Principle of plasma acceleration

Courtesy of BELLA

Laser Wakefield 

Accelerator (LWFA): 

Drive beam = laser 

beam

Plasma WakeField 

Accelerator (PWFA):

Drive beam = high 

energy electron or 

proton beam

Courtesy Sci. Am

Break-Down Limit? 

 Wave-Breaking 

field:



Funded by t he 
European Union

FEL is a well established technology
(But a widespread use of FEL is partially limited by its size and costs)



Funded by t he 
European Union

Intense R&D Program on critical components

• 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)



Funded by t he 
European Union

• 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 
(funding EU, UK, Switzerland, in-kind)

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

−EuPRAXIA@SPARC_LAB (Italy, in-kind)

−EuAPS Project (Next Generation EU)

−What Next? => PACRI !



Funded by t he 
European Union

Distributed Research Infrastructure



Funded by the 
European Union

EuPRAXIA Preparatory Phase Organisation

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 INFN 

Steering

Committee

Scientific 

and 
Technical 
Advisory 

Board

Board of

Financial 
Sponsors



Basic beam  quality achieved in pilot FEL experiments



Headquarter and Site 1: EuPRAXIA@SPARC_LAB

• 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)



at SPARC_LAB
159 m

45 m
Accelerator tunnel Plasma 

module Undulator tunnel

AQUA beamline

Experimental hall

Lasers clean rooms Laser and particle user rooms

Klystron & power supplies hall

Technical rooms

Preparations labs

ARIA beamline

EuPRAXIA@SPARC_LAB Layout
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10 m

High Quality Electron Beams

Courtesy E. Chiadroni



World`s Most Compact RF Linac: X Band 

Courtesy D. Alesini

55 m



Plasma Module

Courtesy A. Biagioni, R. Pompili

3.5 m



Radiation Generation: FEL

Courtesy L. Giannessi

40 m

50-100



In the Energy region between Oxygen and 
Carbon K-edge 2.34 nm – 4.4 nm (530 eV -280
eV) water is almost transparent to radiation
while nitrogen and carbon are absorbing (and
scattering)

Coherent Imaging of biological samples
protein clusters, VIRUSES and cells 

living in their native state 
Possibility to study dynamics
~10 11 photons/pulse needed

Expected SASE FEL performances

Parameter Unit PWFA Full
X-band

Electron Energy GeV 1-1.2 1

Bunch Charge pC 30-50 200-500

Peak Current kA 1-2 1-2

RMS Energy Spread % 0.1 0.1

RMS Bunch Length 𝜇m 6-3 24-20

RMS norm. Emittance 𝜇m 1 1

Slice Energy Spread % ≤0.05 ≤0.05

Slice norm Emittance mm-mrad 0.5 0.5

Parameter Unit PWFA Full
X-band

Radiation
Wavelength

nm 3-4 4

Photons per 
Pulse

× 1012 0.1- 0.25 1

Photon
Bandwith

% 0.1 0.5

Undulator Area 
Length

m 30

𝜌(1D/3D) × 10−3 2 2

Photon
Brilliance per 
shot

𝑠 𝑚𝑚2𝑚𝑟𝑎𝑑2

𝑏𝑤 0.1%
1−𝟐 ×

𝟏𝟎𝟐𝟖
1 × 1027

Courtesy C. Vaccarezza/L. Giannessi



High Precision X-Ray Measurements 2023 – F. Villa – The EuPRAXIA@SPARC_LAB project              .

at SPARC_LAB

AQUA beamline scientific case

Coherent imaging

X-ray spectroscopy

Raman spectroscopy

Photo-fragmentation of molecules
    

(Large) Viruses
Organelles

Bacteria/Cells
Metals

Semiconductors
Superconductors

Magnetic materials
Organic molecules

    

Experimental techniques and typology of samples

Courtesy F. Stellato 21



High Precision X-Ray Measurements 2023 – F. Villa – The EuPRAXIA@SPARC_LAB project              .

at SPARC_LAB

ARIA beamline scientific case

Courtesy F. Stellato

Photoemission 
Spectroscopy

Photoelectron Circular
Dichroism

Raman spectroscopy

Photo-fragmentation of molecules
Time of Flight Spectroscopy
    

Gas phase & Atmosphere 
(Earth & Planets)

Aerosols 
(Pollution, nanoparticles)

Molecules & gases 
(spectroscopies, time-of-flight)

Proteins 
(spectroscopies)

Surfaces 
(ablation & deposition)

Defining experimental techniques and typology of samples (and applications)

22



Betatron Radiation Source at SPARC_LAB Electron beam Energy [MeV] 50-800

Plasma Density [cm-3] 1017 - 1019

Photon Critical Energy [keV] 1 - 10

Nuber of Photons/pulse 106 – 109

Courtesy J. Vieira, R. Fonseca/GoLP/IST Lisbon



• EuPRAXIA laser advance (industry) 
will push rate from 1/min to 100 Hz. 

• Ultra-compact source of hard X rays → exposing from various directions simultaneously 
is possible in upgrades

24

Betatron X Rays: Compact Medical Imaging

EuPRAXIA technology CT Scanner

Macro-photography Radioactive source

J.M. Cole et al, “Laser-wakefield accelerators as hard x-ray sources for 3D medical imaging of human 
bone”. Nature Scientific Reports 5, 13244 (2015)

3D tomography of
human bone

Physics & Technology Background:

• Small EuPRAXIA accelerator → small 
emission volume for betatron X rays.

• Quasi-pointlike emission of X rays.

• Sharper image from base optical 
principle.

• Quality demonstrated and published, 
but takes a few hours for one image.

• Advancing flux rate with EuPRAXIA laser 
by factor > 1,000!

Added value

Sharper images with outstanding 
contrast

Identify smaller features (e.g. 
early detection of cancer at 
micron-scale – calcification)

Laser advance in EuPRAXIA → fast 
imaging (e.g. following moving 
organs during surgery)



25Update on ESPP Roadmap – EAAC 2003 - Wim Leemans & Rajeev Pattathil

ESPP Roadmap Update – Plasma Accelerators

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



Courtesy J. Osterhoff





EuPRAXIA@SPARC_LAB baseline updating



Funded by the 
European Union

• Plasma accelerators have advanced considerably in 
beam quality, achieving FEL lasing.

• EuPRAXIA is a design and an 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 4 excellent candidate sites.

• Concept today works in design and in reality. Expect
(solvable) problems in stability for 24/7 user
operation. Facility needed to demonstrate!

• Additional fund raising is continuosly going on

Conclusions



Thank for your attention
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