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

Linac Coherent Light Source (LCLS) Conceptual Design Report - SLAC–R–593 April 2002 UC-414
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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
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Producing particle and photon pulses to 
support several urgent and timely science 

cases

Enable frontier science in new regions and 
parameter regimes 

2

A New European High-Tech User Facility

https://www.eupraxia-facility.org/
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Plasma accelerated beam driven FEL

It's a CHALLENGE: the FEL is extremely sensitive to the beam quality. 
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Exponential growth gain length

=> A poor beam quality causes an increase of Lg and a reduction of PF

saturation
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Basic beam  quality achieved in pilot FEL experiments



PWFA beam line at SPARC_LAB 
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Required Bunch Energy Stability
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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)
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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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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)



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
• Europe`s most compact 

and most southern FEL
• The world`s most 

compact RF accelerator 
(X band with CERN)



EuPRAXIA@SPARC_LABEuPRAXIA@SPARC_LAB

RF power modules

1 GeV LINAC

Beam user areas

FEL user area @4nm

Undulators

Plasma module

0.5 PW Laser

Secondary
Sources



Opportunities for Collaboration

Laser & THz clean rooms

experimental halls
Photon user experimental hall 

Accelerator tunnel

Undulators tunnel

Klystron&modulators
Power supplies gallery

Plant gallery

1

2
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EuPRAXIA@SPARC_LAB Layout

Courtesy F.Cioeta & E.Di Pasquale , A.Ghigo



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



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

at SPARC_LAB
FEL Beamlines

XGDM
Mirror
BDA

Spectrometer
Solid attenuators

Polarization/time measure

Monochromator

Split & delay line
Gas absorber

K-B mirrors

Exp. Chamber

Valves
BPM/screens

Laser hutch

AQUA beamline

ARIA beamline

50 m
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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

×10!" 0.1- 0.25 1

Photon
Bandwith

% 0.1 0.5

Undulator Area 
Length

m 30

𝜌(1D/3D) ×10#$ 2 2

Photon
Brilliance per 
shot

𝑠 𝑚𝑚"𝑚𝑟𝑎𝑑"
𝑏𝑤 0.1%

1−𝟐 ×
𝟏𝟎𝟐𝟖

1 ×10"'

Courtesy C. Vaccarezza/L. Giannessi



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

at SPARC_LAB

40 m

Expected FEL radiation at undulators end
Parameter Unit AQUA PWFA AQUA X-band ARIA PWFA ARIA X-band
Radiation
Wavelength

nm
eV

3-10
415-120

4-10
310-120

50-150
25-8

50-150
25-8

Photons per 
Pulse

×10!" 0.25-1 0.25-1 10-60 12-150

Photon
Bandwith

% 0.3 0.3 0.05 3

Configuration SASE HGHG seeding

AQUA PWFA
linear

AQUA PWFA
circular

ARIA PWFA configurationARIA X-band configuration

22



SPARC_LAB is the 
test and training 
facility at LNF for 

Advanced 
Accelerator R&D

SPARC_LAB Facility at LNF

M. Ferrario et al. SPARC_LAB present and future. Nucl. Instrum. Methods B 309, 183– 188, (2013).



A. Cianchi (Uni ToV) P. Cirrone (INFN-LNS) L. Labate (CNR-INO)

EuAPS: EuPRAXIA Advance Photon Sources - Principal Investigator: M. Ferrario, 
- Infrastructure Manager: C. Bortolin,
- Management and Dissemination: A. Falone

M. Ferrario et al. INFN-23-12-LNF (2023)

Milano

Potenza
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EuPRAXIA Project Timeline

Courtesy A. Falone



• 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.  

• 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: Ralph Assmann, Enrica
Chiadroni, Cristina Vaccarezza, Andrea Ghigo, David Alesini, Riccardo Pompili, 
Antonio Falone, 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


