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A few questions for you

• How many people here never heard of EuPRAXIA?

• Do you know the meaning of EuPRAXIA? 
            “good practice”

• Why Saint EuPRAXIA (July 25)?
Saint EuPRAXIA was the daughter of the Constantinople dignitary Antigonos, very close to the 
Emperor Theodosius the Great (379-395).

Saint Eupraxia, when she reached the age of maturity, intensified her 
ascetic efforts all the more. 
At first she took of food once a day, then after two days, three days, 
and finally, once a week.
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• **EuPRAXIA is a European research initiative focused on developing a next-generation particle accelerator based on 
advanced plasma acceleration technology. 

• The goal of EuPRAXIA is to demonstrate a compact, high-performance particle accelerator that can deliver high-quality 
electron beams using plasma wakefield acceleration, which is more compact and cost-effective than conventional 
accelerators.

• Key Aspects of EuPRAXIA:
• 1. **Plasma Wakefield Acceleration**: EuPRAXIA uses plasma waves created by a laser or particle beam to accelerate 

particles over shorter distances, making the system more compact and efficient.
• 2. **Applications**: EuPRAXIA’s technology has potential applications in various fields, including high-energy physics, 

materials science, medical imaging, and cancer treatment. It aims to provide new opportunities for scientific research and 
industrial applications.

• 3. **International Collaboration**: The project involves collaboration between research institutions, universities, and 
industries from multiple European countries. 

• 4. **Future Impact**: The success of EuPRAXIA could pave the way for more accessible, cost-effective accelerators, enabling 
advanced scientific experiments in a range of fields that require high-energy particle beams. EuPRAXIA is considered an 
innovative step forward in accelerator technology, with the potential to transform how particle accelerators are built and 
used.

What is EuPRAXIA? ChatGPT reply
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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

A New European High-Tech User Facility

https://www.eupraxia-facility.org/
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The EuPRAXIA CDR
• 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:    > 50 institutes 

• Preparatory Phase project:   2022 – 2026 (approved)

• Start of 1st operation:   2029

http://www.eupraxia-project.eu 

600+ page CDR, 240 scientists contributed

Carsten P Welsch, EuPRAXIA-DN School in Rome, 24 April 2024

http://www.eupraxia-project.eu/


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)
−What Next? => PACRI !
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Distributed Research Infrastructure

8 IASA, Athens
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Phased Implementation of Construction Sites
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Beamline LB-C: X-ray imaging – life sciences & materials  
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Table-top test beam 
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Undulator Undulator

Laser-driven Beam-driven

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

EAAC 2023 - EuPRAXIA-PP   | Ralph Assmann | 19 Sep 2023 
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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)

High Acc. Tech. available => not limited to Plasma Acceleration 
applications on a longer term perspective



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_LAB

RF power modules

1 GeV LINAC

Beam user areas

FEL user area @4nm

Undulators

Plasma module

0.5 PW Laser

Secondary
Sources






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 𝜇𝜇m 6-3 24-20

RMS norm. Emittance 𝜇𝜇m 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

𝜌𝜌(1D/3D) × 10−3 2 2

Photon
Brilliance per 
shot

𝑠𝑠 𝑚𝑚𝑚𝑚2𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚2
𝑏𝑏𝑏𝑏 0.1%

1−𝟐𝟐 ×
𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐

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 19



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)

20



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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Towards EuPRAXIA Laser Specs
• 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

Leo Gizzi & Paul Crump



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

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).

𝜔𝜔𝑐𝑐 = 3𝐾𝐾𝑢𝑢𝛾𝛾2𝜔𝜔𝛽𝛽

𝑁𝑁𝑝𝑝𝑝 ∝ 𝑁𝑁𝑒𝑒𝑁𝑁𝛽𝛽𝐾𝐾𝑢𝑢

Ku<1

Ku>1

Ku>>1

Betatron radiation



• 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

25

Betatron X Rays: Compact Medical Imaging

EuPRAXIA technology µCT 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)

Note del presentatore
Note di presentazione
Massimo
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• HORIZON-INFRA-2024-TECH-01-01: R&D for the next generation of scientific instrumentation, tools, methods, 
solutions for RI upgrade

• Dead line 12 March 2024

• Target Budget ~10 MEuro

NEXT STEP: PACRI

# Partner Acronym
1 Elettra - Sincrotrone Trieste SCpA(Coordinator) ST
2 EuropeanOrganization for Nuclear Research CERN
3 Istituto Nazionale FisicaNucleare INFN
4 University of Liverpool ULIV
5 Thales-MIS Th-MIS
6 ScandinovaSystems AB SCND
7 VDLETGTechnology & DevelopmentBV VDL
8 COMEB COMEB
9 United KingdomResearchand Innovation UKRI

10 Consiglio Nazionaledelle Ricerche CNR
11 Extreme Light Infrastructure ERIC ELI-ERIC
12 CentreNational de la RechercheScientifiqueCNRS CNRS
13 Thales LASFranceSAS Th-LAS
14 Amplitude Amplitude
15 Centrode LÁSERESPulsados CLPU
16 Ferdinand-Braun-Institut gGmbH, Leibniz-Institut für 

Hoechstfrequenztechnik
FBH

17 Associacao do instituto superiorTecnico paraa Investigacao e
Desenvolvimento

IST

18 Universitàdegli Studi di RomaLaSapienza USAP
19 Heinrich-Heine-Universitaet Duesseldorf UDUS
20 Deutsches Elektronen-Synchrotron DESY DESY
21 TheChancellor,Masters andScholarsof the Univ. of Oxford UOX
22 Ludwig-Maximilians-Universitaet Muenchen LMU
23 GSIHelmholtz Centrefor Heavy Ion Research GSI
24 Universitàdegli Studi di RomaTorVergata UTOR
25 SourceLAB SourceLAB
26 PaulScherrer Institut (Associatedpartner) PSI

WP 
No. Work Package Title Lead Partic. 

Short Name

1 Coordination and project management ELETTRA

2 Scientific and industrial exploitation ULIV

3 Plasma accelerator theory and simulations IST

4 High repetition rate plasma structures INFN

5 Plasma acceleration diagnostics and instrumentation CNRS

6 High efficiency RF generator Thales-MIS

7 High repetition rate modulator Scandinova

8 X-band RF Pulse Compressor (BOC) INFN

9 RF tests and validation CERN

10 High repetition rate high power Ti:Sa amplifier module UKRI

11 Efficient kHz laser driver modules for plasma 
acceleration CNR

12 High-rep rate pump sources for laser drivers ELI-ERIC

13 Prototype of high average power optical compressor Thales-LAS

14 Laser Driver System Architecture,transport and 
engineering CNRS

25 Members
+

1 Associated partner

19 Universities and Scientific Labs.
+

7 Industries



EuPRAXIA@SPARC_LAB baseline updating
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n. 20 POST-DOCTORAL SENIOR LEVEL 3 RESEARCH GRANT 
IN EXPERIMENTAL PHYSICS at INFN

https://jobs.dsi.infn.it/dettagli_job.php?id=4180

Dead line: November 15
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LPAW 2025 – Ischia Island

https://agenda.infn.it/event/42311/

The Laser and Plasma Accelerators Workshop 2025 (LPAW 2025) 
will be held at Hotel Continental Ischia, in the Ischia Island 
(Campania, Italy), from Monday 14 to Friday 18 April 2025.

The Laser and Plasma Accelerators Workshop (LPAW) series is one 
of the leading workshops in the field of plasma-based acceleration 
and radiation generation. 

The following scientific topics will be the main focus of the 
conference:
•Plasma-based lepton acceleration (experiments, simulations, 
theory, diagnostics...).
•Plasma-based ion acceleration (experiments, simulations, theory, 
diagnostics...).
•Secondary radiation generation and applications (experiments, 
simulations, theory, diagnostics...).

John Dawson Thesis Prize
“John Dawson Thesis Prize” is awarded on a biannual basis to the 
best PhD thesis in the area of plasma accelerators driven by laser 
or particle beams. The prize will be awarded for fundamental 
(theoretical or experimental) or applied aspects.
Each prize winner will receive a certificate of merit, up to 500 
Euros, and financial support to attend the “Laser and Plasma 
Accelerators Workshop,” where the prize will be awarded.



Thank for your attention
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