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A New European High-Tech User Facility

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

https://cerncourier.com/a/europe-targets-
a-user-facility-for-plasma-acceleration/

European Plasma Research Accelerator With Excellence In 
Applications 

“the first European project that develops a dedicated particle accelerator 
research infrastructure based on novel plasma acceleration concepts and 

laser technology”

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

Provide a practical path to more research facilities and 
ultimately to higher beam energies for the same 

investment in terms of size and costs
Enable frontier science in new regions and parameter 

regimes 



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 beamCourtesy Sci. Am
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The Livingstone Diagram

Plasma Accelerator Achievements

• Gradients up to 100 GV/m 

• Acceleration > 10 GeV of 
electron beams

• Basic beam  quality  for FEL 
demonstrated

Updated Livingston plot for accelerators, showing the maximum reach in 
beam energy versus time. Grey bands visualize accelerator applications

The most demanding in 
terms of beam brightness, 

stability and control



Basic beam  quality achieved in pilot FEL experiments
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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 (funding 
EU, UK, Switzerland, in-kind)

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

−EuPRAXIA@SPARC_LAB (Italy, in-kind)

−EuAPS Project (Next Generation EU)



Funded by the 

European Union
Distributed Research Infrastructure
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Beam-driven plasma user facility
EuPRAXIA Headquarter

Laser-driven plasma user facility: 
candidates

Excellence Center

Horizon Europe

Second site will be decided in Preparatory 
Phase project.

Excellence centers (EC) perform technical 
developments, prototyping and component 
construction. Number of EC’s, locations, 
roles, responsibilities reviewed in Prep. 
Phase. Beam-driven plasma user facility

EuPRAXIA Headquarter

Technology 
Incubator (CZ - ELI)

User Data Center (H)

Theory & 
simulations 
(P)

Advanced 
Applications 
Beamlines (UK)

Laser-Plasma Acc. 
& 1 GeV FEL (F)

Plasma Acc. & 
High Rep. Rate 
Dev. (D)

Today`s status

• Excellence centers: 
several (6 – 10) 
assumed to be 
realized 

• First site: 
EuPRAXIA@SPARC
_LAB

• Second site: 
one to be selected 

• Connect with WP´s 
to Horizon Europe 
and national 
funding lines



Current Candidates for EuPRAXIA Laser Site 



Headquarter and Site 1: EuPRAXIA@SPARC_LAB

Frascati`s future facility
• > 130 M€ invest funding
• Beam-driven plasma 

accelerator - PWFA
• Europe`s most compact 

and most southern FEL
• The world`s most 

compact RF accelerator 
X band with CERN

Credit: INFN and Mythos – cosorzio stabile s.c.a.r.l.



Good Excellent news first! 
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A. Falone - TDR Review Committee – 15/06/2023
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Expected SASE FEL performances

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

Electron 
Beam 
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

Radiation 
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

𝑚𝑚2𝑚𝑟𝑎𝑑2

𝑏𝑤 0.1%
1−𝟐 ×

𝟏𝟎𝟐𝟖
1 
× 1027

Courtesy C. Vaccarezza Courtesy F. Stellato (UniTov)
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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)
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EuPRAXIA@SPARC_LAB: a high brightness PWFA

The accelerator is based on the combination of a high brightness RF injector and a plasma

module
SPARC-like photoinjector (*)

PLASMA 
MODULE
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Stable, reliable and reproducible electron beams

R&D Activities On The Photoinjector

1. Stabilization methods and technologies for the 
RF element power sources → promising results 
on the solid-state C-band technology with 
halved Δt (from 30 down to 15 fs) 

2. Inseriton of an higher harmonic accelerating 
cavity to stabilize the beam current profile

3. New WPs

Courtesy of G.J.Silvi, L.Faillace

FEL requirement
D-W separation

Results obtained by means of start to end simulations taking into 
accout state of the art jitters in conventional RF photoinjector



World`s Most Compact RF Linac: X Band 

55 m

Courtesy D. Alesini, F. Cardelli

@TeX
>100 MV/m



Plasma Module

Courtesy A. Biagioni, R. Pompili

1 m



Radiation Generation: FEL

Courtesy L. Giannessi

30 m



• Supported by PNRR funding
• Collaboration among INFN, CNR, University of Tor Vergata
• EuPRAXIA → laser-driven betatron radiation source @SPARC_LAB

→ development of high power (up to 1 PW  at LNS) and
high repetition rate (up to 100 Hz at CNR Pisa) laser

→ pre-cursor for user-facility

Electron beam Energy [MeV] 50-800

Plasma Density [cm-3] 1017 - 1019

Photon Critical Energy [keV] 1 - 10

Nuber of Photons/pulse 106 – 109

1) Ultrafast - laser pulse duration tens of fs useful for time 
resolved experiments (XFEL tens of fs, synchrotron tens to 
100 ps).

2) Broad energy spectrum - important for X-ray spectroscopy.
3) High brightness - small source size and high photon flux for 

fast processes
4) Large market - 50 synchrotron light sources worldwide, 6 

hard XFEL’s and 3 soft-ray ones  (many accelerators 
operational and some under construction).

EuPRAXIA Advanced Photon Sources (EuAPS)

Next Step: ‘plasma-based compact undulators’

‘EuPRAXIA Advanced Photon Sources PNRR_EuAPS Project’, M. Ferrario et al. INFN-23-12-LNF (2023) 



Betatron X-Rays: Compact Medical Imaging

• 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

EuPRAXIA technology

mCT 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:

• Quasi-pointlike emission of X rays.

• High spatial coherence and 
resolution

• 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)



R. Assmann & M. Ferrario - TIARA - 19 Oct 2022

SABINA
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The SPARC_LAB Experience

• SPARC_LAB is a test facility (INFN-LNF) mainly devoted to the R&D
activity on ultra-brilliant electron beam photo injector and FEL
physics.

• In the last few years, research activity has been focused to investigate
the PWFA technique → Maximum accelerating gradient of the order
of 1.0 GV/m has been measured last November.

• Crucial activity for the forthcoming EuPRAXIA@SPARC_LAB project
aiming to be the first ever plasma beam-driven facility at LNF

→ E=92MeV
→ δE = 0.104 MeV
→ ΔE = 0.06 MeV rms

Witness energy measurement before and after the plasma 

→ E=128 MeV
→ δE = 6 MeV
→ ΔE = 2 MeV rms

30 MeV in 3 cm !

Plasma chamber
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EuPRAXIA Project Timeline

Courtesy A. Falone
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R. Assmann – EuPRAXIA@SPARC_LAB Review Committee- June 2023



• EuPRAXIA is the first ever plasma accelerator project with a CDR and first 
ever plasma accelerator project on the ESFRI roadmap.

• EuPRAXIA-PP project will establish a fully European project, with European 
shareholders.  

• EuAPS will be a pre-cursor of the next EuPRAXIA user-facility

• Highly attractive for funding: 160 M€ secured, > 25% of full implementation.

• Frascati construction project EuPRAXIA@SPARC_LAB making strong progress.

• Aim at making EuPPRAXIA an example of European innovation: new science 
to new applications and new areas while advancing towards Particle Physics.

• Greatly appreciate slides from and discussions with: Massimo Ferrario, 
Ralph Assmann, Antonio Falone, Enrica Chiadroni, Cristina Vaccarezza, 
Andrea Ghigo, David Alesini, Riccardo Pompili, Alessandro Cianchi, Luca 
Giannessi, Alessandro Gallo, Francesco Stellato, Leo Gizzi, Giancarlo Gatti, 
Molodozhentsev Alexander, Rajeev Pattathil AND THE ENTIRE  
EUPRAXIA@SPARC_LAB TEAM

Conclusions & Acknowledgements



Thank for your attention
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