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Funded by the
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PRA/@A A New European High-Tech User Facility -

IS the first European Research Infrastructure dedicated to particle accelerator R&D
ma acceleration concepts, driven by innovative laser and linac technologies

FEATURE EuPRAXIA

Building a FEL facility with very high field
plasma accelerators, beam- or laser-
driven (1 -100 GV/m)

Technology case

Shrink down the facility size
Improve Sustainability

Surf's u

beam (orange).

EUROPE TARGETS

A USER FACILITY FOR
PLASMA ACCELERATION
P I’O d u C | n g p a I’ti C I.e S a n d p h Ot O n S t O S u p p O rt Ralph Assmann, Massimo Ferrario and Carsten Welsch describe the status of
. . '_the ESFRI project EUPRAXIA, which aims to devglop the first dedicated research
S eve ra l u r ge nt a N d tl m e ly S C Ie N C e C a Se S 1nfrastr|‘_1cture based on novel plasma—arcceilerie.mon concepts.
2 Science case T
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sc

Drive short wavelength FEL
Pave the way for future Linear Colliders

tor: khgh bem Welsch U
g Clld (p l]phy ached a fuvepoal/lNFN
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ESFRI has included EuPRAXIA in the 2021 Roadmap of EU Research
Infrastructures: 10 year time to implement the facility (ready by ~ 2032) https://www.eupraxia-facility.org/


https://www.eupraxia-facility.org/
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pRAﬁdA EuPRAXIA storyboard -

EuPRAXIA_PP & DN EU grants
EuPRAXIA ESFRI Roadmap X1.2022 - X.2026
EU Design Study
approved VI1.2021 PACRI EU grant
2015-19
111.2025 - 11.2029

EuPRAXIA Consortium ESFRI Preparatory

ESFRI RM submission
1X.2020 Phase 20212026

TO BE CONFIRMED

Original design (R. Assmann et al.): make EuUPRAXIA similar to a HEP-style collaboration, able to setup and
manage a Large European Network on Advanced Particle Acceleration Technologies (plasma et al.), on

lasers, and on their academic, industrial and societal applications.
Based on two FEL user facilities (PWFA and LWFA), and several clusters, valueing in-kind and cash national
contributions. ESFRI Roadmap provides opportunity to access national and EU-based calls for funds.

This design is being throughly pursued from the Design Phase (2015) to the current Preparatory Phase.



PRA/\GA EuPRAXIA Consortium Networking

Plasma Acc. &
High Rep. Rate (D)

D Beam-driven plasma user facility Advanced
EuPRAXIA Headquarter Applications ‘
. = Beamlines (UK)
. Laser-driven plasma user facility: .. ednoloay
cailidates Incubator (CZ-ELI)
. National nodes ..

(tentative names)
& 1 GeV FEL (F)

Laser-Plasma Acc. . .

. User Data Center (H)
Beam Diagnostics (CH)

. ' Beam-driven plasma user
D facility EUPRAXIA HQ (IT)

. Laser technology (SP)
. Thec!ry & - Beamlines
simulations (P) applications (GR)

PRA A

Preparatory Phase

* The LFWA site is under evaluation

Funded by the
European Union

A large collection of

the best European

know-hows in accelerators,
lasers and plasma technologies

Network organization:
- 2 Sites (PWFA/LWFA)
- National nodes

- Technology clusters

3 candidates for LWFA:
- CNR-INO, Pisa

- ELI ERIC, Prague

- EPAC-RAL, UK

* The EUPRAXIA Consortium Hub is located in Frascati (INFN), which is also PWFA site

* National nodes and technology clusters will support sites and R&D across the network

4



PRA 1A

28 EU institutions, beneficiaries (3.7 M€)
10 ass. partners (CH & UK, w/matching funds)
8 Observers

Industrial companies involved

ANCILLARY SUPPORTING PROGRAMS

* EuPRAXIA Doctoral Network 3.1 M€

This project has received funding from the European Union’s Horizon Europe research and
innovation programme under grant agreement no. 101073480 and the UKRI guarantee fur

* EUAPS 22 M€

R&D on betatron plasma sources, based on IT Next-Gen.
EU Recovery Funds (INFN, CNR, Rome TV Univ.)

* PACRI EU Horizon EU Grant 11 M€

Program to develop plasma based sources
(achieved thanks to EUPRAXIA framework).
Starting March 2025

EuPRAXIA_PP Consortium & ancillary EU programs

Funded by the
European Union

EMPA* CH CERN INT. ORG.
EPFL* CH H. Univ. Jerusalem ISR
PSI* CH CNR IT
DESY DE ELETTRA Trieste IT
FBH Berlin DE ENEA Frascati IT
FHG-ILT Aachen DE INFN IT
FZ Julich DE U. Roma Sapienza IT
HZ Dresden DE U. Roma Tor Vergata IT
LMU Muenchen DE IST Lisbon P
HHU Dusseldorf DE ALBA Cells SP
GSI-FAIR Darmstadt DE CLPU Salamanca SP
ELI Beamline ERIC CZ IC London* UK
CEA FR QU Belfast* UK
CNRS FR STFC* UK
THALES FR U. Liverpool* UK
AMPLITUDE FR U. Oxford* UK
IASA Athens GR U. Strathclyde* UK
WIGNER HUN UCLA* us
Uni. Szeged HUN

Uni. Pecs HUN * associate partners




ECIPRA}/GA EuPRAXIA PP governance structure
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WP1 COORDINATION & PROJECT MANAGEMENT SeledloaGoniticas andBaus

Collaboration Board

—_——— e | (decision-making body, 1
WP3 ORGANIZATION AND WP5 USER STRATEGY & representative per
RULES SERVICES institute)

wp4gflg:g§gnl/‘f|gfﬁ’:l}xfbﬂ EX“T,:gshlﬂcfrzﬂ gf::?égy Steering Committee
(coordinator plus WP

leaders plus experts)

WP7 E-NEEDS &DATA POLICY WP11 APPLICATIONS

@VIXVH4dN3I YAL ST dM

Scientific/Technical
Advisory Board
(external experts in user
services, Rl implement-
tation, ESFRI aspects and
technical themes)

o~
w
=
)
o
o
-
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-
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WP12 LASER TECHNOLOGY

WP8 THEORY & SIMULATIONS &LIASON TO INDUSTRY

WPS RF, MAGNETS &

BEAMLINE COMPONENTS WELS DIGHDSTE S

av1 JyvdS

N

WP10 PLASMA COMPONENTS WP14 TRANSFORMATIVE
& SYSTEMS INNOVATION PATHS

Board of Financial

Sponsors

(connection to decision
WP2 DISSEMINATION & PUBLIC RELATIONS makers and funding

authorities)




PRA 1A

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

Electrons
(0.1-5 GeV, 30 pC)

R&D of critical components / Implementation

Funded by the
European Union

Positrons
(0.5-10 MeV, 10°)

Positrons (GeV source)

Plasma Targets

Betatron X rays
(1-10 keV, 10%9)

FEL light

(0.2-36 nm, 10°-10%3)

(100 J, 50 fs, 10-100 Hz) NEXT 10Y

Application platform of plasma accelerators
Phase 2

ACCELERATO

Laser-driven

FEL beamline to 1 GeV
+ userarea l

v’ Ultracompact positron
source beamline +
positron user area

v’ X-ray imaging

beamline + user area

v’ Table-top test beams
user area

v FEL user area 2
v FELto 5 GeV

Implementation strategy at EUPRAXIA sites

Beam-driven

FEL beamline to 1
GeV + user area 1

v’ GeV-class positrons
beamline + positron
user area

v" ICS source beamline +
user area

v HEP detector tests
user area

v FEL user area 2
v FELto 5 GeV

Phase 3

ACCELERATORS

v High-field physics
beamline / user area

v’ Other future

developments

v’ Medical imaging
beamline / user area

v’ Other future
developments




PRA 1A

Single-stage
accelerators
(proton-driven)

Single/multi-stage
accelerators
for light sources
(electron &
laser-driven)

Multi-stage
accelerators
(Electron-driven
or laser-driven)

ATVAIEE

ESPP 2020 Strategy & EuPRAXIA

0-10 years

Timeline (approximate/aspirational)

10-20 years

Funded by the
European Union

Use of LHC beams, TeV acceleration, beam delivery

Demonstration of: Fixed-target experiment (AWAKE) [===1™D ‘e"? & theory)
Preserved beam quality, acceleration in very long plasmas, Dark-photon searh, strong-field QED experiment etc. [ HEP facility
plasma uniformity (longitudinal & transverse) (50-200 GeV e-)
Demonstration of: Energy -frontier collider

10 TeV c.o.m electron-proton collider

EI]PRA}/GA 0-10 years

Pre-CDR (HALHF)
Simulation study
to determine
self-consistent parameters
(demonstration goals)

Demonstration of:
ultra-low emittances, high rep-rate/high efficlency e-beam and
laser drivers, Long-term operation, potential staging, positrons
(EUPRAXIA)

5 - 10 years

Demonstration of:
scalabe staging, driver distribution, stabilisation
{active and passive)

Timeline (approximate/aspirational)
10-15 years

Multistage tech demonstrator

EuPRAXIA Paves the way to LC:

mmmm) RA&D on critical Components, High Rep. Rate,
Training, Shorter time perspective, Motivations,
Financial Support already on common interest components

Strong-field QED experiment

ste ¥

:] Feasibility study

[:] R&D (exp & theory)

: HEP foclity fearist
stort of construction)

(25-100 GeV e-) Facility upgr
Demonstration of: o o F olal [ h’:ﬁd
High wall-plug efficiency(e- -drivers), preserved beam quality & spin polarization, high colider ¢
rep.rate, plasma temporal uniformity & cell cooling {250-380 GeV c.o.m) Facility upgrade

Demonstration of:

energy recovery schemes, compact beam delivery systems

Energy-efficient positron acceleration in plasma, high wall-plug efficiency (laser-drivers), ultra-low emittances,

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

This role will be updated in the
ESPP 2026 Strategy



PRA/\GA Basic beam quality achieved in pilot FEL experiments

Plasma FEL laser driven: feasibility proven

nature

L

9

. Recent ground-breaking result in China

500 MeV electron beam from a laser wakefield accelerator

W. T. Wang, K. Feng, er al., : o M
Notioe. 895, 3610213 FEL lasing amplification of 100 reached at 27 nm wavelength (average

radiation energy 70 nJ, peak up to 150 nJ)

Seeded UV-FEL laser driven

Collaboration Soleil/HZ Dresden, published on
Nat. Photon. (2022). https://doi.org/10.1038/541566-022-01104-w

iii: FEL iv: isolated FEL
0 -0 <10 odB o 005 a0

0.10
0.05

Syt

1265 270 275 280 265 270 275 28!
Wavelength (hm) ~ Wavelength (nm)

Horizon Europe

PRAIA 2021 Plasma FEL Feasibility Proven: Electron-driven

Recent ground- f;l%'tfusnﬁ’ike SASE - | |
breaking results in £ 4 ‘ @
Frascati: 39 e
First FEL lasing from MW g
a beam-driven -
plasma accelerator

Pompili et al., Nature 605,
659-662 (2022)

. o
e~

z(m)

pRA/\GA First Beam Driven SEEDED - FEL Lasing at SPARC_LAB (June 2021)

Funded by the
European Union

| ~1uJ (SEED)
102 A 1
= 1] ~30nJ (SASE)
? 10° ///,»;’/c/./—"'/ﬂ PHYSICAL REVIEW LETTERS 129, 234801 (2022)
w -l .
2 R _,/
10
V/O SASE sim
SEED sim
4 i
10 2 4 6 8 10 12
Und (m)

d 2 order of magnitude respect to

ilse energy RMS fluctuations over 90% of succ
ot respect to 17% over 30% of shot for SASE

5
780 790 800 610 820 830 840 850 860 670
Wavelength (nm)

.. alot of efforts and R&D needed to move from pilot experiments to real facilities (for HEP or FEL) ... 9
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PRA 1A PWFA site (LNF): EUPRAXIA@SPARC_LAB
BUILDING RENDERING oW . OO

CONSTRUCTION STARTS 09.26 * ¥ - EUPRAXIA HQ of ESFRIRI

- INFN Frascati future facility,

| fully funded (~ 120 ME)

‘ - Beam-driven plasma acceleration
1 GeV FEL, 4nm

{ - Acompact 1 GeV RF accelerator

(X-band, in collaboration with
CERN, 60-100 MV/m)
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PRA (A EuPRAXIA@SPARC_LAB layout e

) Layou.t completed: T[?R to be ) ¥ 1_60"45 mz. Particle experimental test areas Laser clean rooms
submitted to International Review |Buildingfootprint .

Committee by June 2025.
* Expectedto beready for

procurements by early 2026. B ﬂ?‘—':

e Commissioningin 2029
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PRA/\GA SPARC_LAB, a test facility for EUPRAXIA -

Funded by the
European Union

g
The SPARC_LAB Linac (~ 150 MeV) is a test facility where R&D 4=!! ye Sl
for the CRITICAL elements of EUPRAXIA can be tested: | u
- high brightness electron S-band injector; e i b
- velocity bunching techniques;
- plasma modules (L, material, resilience);
- experimental test of complete S2E simulations;
- beam manipulation through plasma lenses;
- lasing through undulators;
- beam monitoring diagnostics;
- low-level RF synchronization techniques;
- R&D on Apple X & SC undulators.

, E u
6r Driver 50 =5° 250
b iy CCI.IHIS
g 4 Witness -
4 L
1 Initial energy 40 cm long capillary — 15t prototype for the EUPRAXIA facility
; : ; " ; Made with special junction to allow negligible gas leaks (<107° mbar)
o i £8 aa o =& " Next step is to extend its length to 60 cm as required by last studies
Energy (MeV) . g 7 i

AE/E~0.1 %
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PRA,@A TEX, a test facility for X-band -

* Adedicated LAB (TEX) is hosting C- and X- band testing facility
(in collaboration with CERN CLIC team) Control Room

* The 18t EUPRAXIA RF cavity prototype (L=20 cm) has been -
successfully tested

* Input pulse 35 MW, 100 ns, 50 Hz, provided in 10 days an
average gradient of 74 MVV/m (80 MV/m peak)

* Final X-band RF module, L=1 m, under test in few months

LLF system
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PRA 1A

Radiation

Parameter

PWFA site: EUPRAXIA goal parameters

Electron Beam
Parameter

Funded by the
European Union

Values obtained with

et 3-4 4 Electron Energy GeV 1-1.2 i
Wavelength Bunch Charge pC 30-50 200-500
Photons per Pulse 0.1-0.25 1 Peak Current kA o) 1-2

RMS Energy % <1 0.1
Photon Bandwidth 0.1 0.5 Spread

RMS Bunch Length um 3-6 24-20
Undulator Area 30

RMS norm. um 1 1
Length :

Emittance
p(1D/3D) 2 2 Slice Energy % <0.05 <0.05

Spread
Photon Brilliance (s mm?mrad? 1-2 X 1 x 10?7 Riice o T 0.5 0.5
per shot bw(0.1%) 10%® Emittance

Energy jitter %

Velocity bunching 200+30 pC case fully exploited Experimental driver-witness

400+50 pC case studies on-going
Full X-band still to be studied
Implementing strategies to reduce E jitter of withess

full S2E simulation

Temporal jitter < 5fs from
SPARC_LAB, reflects on = 1% for
the PWFA setup

A. Giribono, C. Vaccarezza



PRA (A PWFA site: FEL beam lines & scientific case
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AQUA

1) AQUA: Soft-X ray SASE FEL — Water window optimized for 4 nm (baseline) nt imaging

SASE FEL: 10 UM Modules, 2 m each — 60 cm intraundulator sections.
Two technologies under study: Apple-X PMU (baseline) and planar SCU.
Prototyping in progress

= FT magnitude

2) ARIA: VUV seeded HGHG FEL beamline for gas phase 50-150 nm
Modulator Radiators

R -

Dispersive section

SEEDED FEL : Modulator 3 m + 4 Radiators — variable pol. — 2 m each — Seeded
in the range 290-430 nm. Final layout still in progress

[Parameter | Unit | AQUAPWFA | AQUAX-band | ARIAPWFA | ARIA X-band |

ARIA

 ”""«|"" \N‘f\ﬁ. ‘

Flavor & F granoe

«Wﬁ

Radiation nm 3-10 4-10 50-150 50-150
Wavelength eV 415-120 310-120 25-8 25-8
Photons per Pulse x1012 0.25-1 0.25-1 10-60 12-150
Photon Bandwith % 0.3 0.3 3 0.05
Configuration SASE HGHG seeding




FEL matching and performances

nac 0 linac 1

Performances

\_

LGun —
L=12m L=10m
R¢s=18 mm
100 MeV 250-400 MeV 0.5-1 GeV 1-2 GeV
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10° - .
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R C | ’ | ]
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20 F 3 S E @25m E
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05 LY P 2.0x10° - i —
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271100

13.54

4.004

* ¥
*

Funded by the
European Union
Analytic FEL phase space (preliminary)
AQUA PWFA g o
circular ‘;fﬂ;
£ g
; :
E (=
B
g 0
Beam Energy (GeV)
10m 30m | 20m
AQUA beamline

ARIA beamline

(1]

12m

User beamlines layout
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PRA/\GA Procedure for LWFA site choice (1)
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* EuPRAXIA 2"d sjte internal panel setup. - Existing infrastructure towards delivering the LPA-based EuPRAXIA pillar (Phasel)
* Preparation of template for 3 site bid- - Technology readiness for LPA-based EuPRAXIA pillar (Phasel)

books. (informal support from respective - Existing Safety and Control Systems

Funding Agency expected as key - Teaming and Management

eleme nt) - User-oriented operation experience

- Identification of pre-investment relevant for the EuPRAXIA development

- Identification of required funding to accomplish EuPRAXIA LPA-pillar Phasel
- Strategy to implement the EuPRAXIA LPA-pillar Phase-2

- Collaboration needed (wish-list from each candidate)

Conceptual model of the EUPRAXIA Phase-1
ELI ERIC Beamlines 1GeV electron LPA scheme
Subject of the ELI Beamlines bid-book
» |nstitutional Capability to Host the Site

» Technical Overview of the Laser-Driven
Site Proposal

* Bid-books evaluation by panel (Jan-Feb).
* Ranked proposal submitted to
Collaboration Board for approval

Required and Available Resources
Project Phases and Budget Timeline
Support from EuPRAXIA Partners

Political Endorsement 7 gy W1 for 1 GeV FEL
M2 S (Phase 1)

Alignment with EuUPRAXIA Governance




PRA/@A Procedure for LWFA site choice (2)

STFC EPAC T v,
Large size infrastructure in RAL STFC campus.

EPAC operation to start in 2026, EUPRAXIA can be part of laser & plasma
accelerator facility.

Strong expertise at STFC and in UK academia (lasers and accelerators)
Application-oriented programs can be of help to EuUPRAXIA.

RAL, hub for UK-EuPRAXIA research groups.

STFC strategy includes LPWA, while UK qualifies again for Horizon EU funding.

: . S e @ CNRIN
CNR INO - Medium size infrastructure in Pisa, long tradition in laser technology. QIR
Already strong engagement with ELI, EPAC and industrial partners. il
. : . I THALES
Management supports a stronger link with ELI Beamline activities: I s
discussion ongoing to setup a National Rl dedicated to R&D and industrial laser e e

development (to become EuPRAXIA National Node)

Decision on 2" site to be taken at next EUPRAXIA Collab. Board on next March 25th

18



PRA/\GA Status of EUPRAXIA national node network
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National node activities under coalescence progress: National Roadmaps, definition of in-kind contribution,
bids to Funding Agencies. Non exhaustive examples follow:

CNRS (vv. Institutes)
Preparatory design phase and future high gradient accelerator
R&D at |JClab

10 Hz, 150-250MeV LPI test facility to improve quality and
stability of e- beam generated by LP accelerator.
LPI

IST Lisbon
S2E simulation for LFWA and PWFA sites
E-needs, Open Data, FAIR, etc ...

PSI - EPFL beam transport
Development of beam and photon plasmal o

(IR} | AE®
diagnostics for PWFA & LFWA sites & ooe = O DEw

beam diagnostics

LMU, HZDR, HHU (and others)

CERN Hybrid laser and particle driven wake-field acceleration (LPWFA)
R&D on high efficiency X-band Plasma photocathode injector “ y
Klystrons & RF cavities Plasma targetry and diagnostics - p——

IIIII



PRA/\éA General Ingredients of Future Rl Governance

Key inputs to the EUPRAXIA Rl eco-system:

Cooperative-oriented consortium with light legal framework (AISBL ?)
Supported by Funding Agencies & accepted by ESFRI

Flexible structure and based on MoUs (or Service agreements)

Accounting in-kind contributions and fresh resources: assets remains to stakeholders

Operating coherently as a Network of nodes + 2 sites + techological clusters

Coordinated user access to EUPRAXIA facilities, under ESFRI regulation (OA, FAIR, etc...)
ntraliz ility to participateto E LL “EuPRAXIA” legal entit

Operational costs: relying on host Institution (other schemes possible, although difficult)

N nd clusters are expected t ntribute t ific technical parts of sit

20



PRA/\GA Summary

Funded by the
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EuPRAXIA is a challenging ESFRI European Research Infrastructure with several “non standards” aspects:
* Effortto merge three very different communities: accelerators, plasma, lasers experts
* Network with real sites, nodes and technological clusters: HEP-like collaboration guidance
* Effortto have nodes/clusters contributing to sites
* Un-conventional way of funding (multi-stakeholders: EU, FA, Universities, etc...), and substantial use of
in-kind (HW, personnel, operation costs)

PWEFA Frascati site well advanced, resources fully pledged. Several technical challenges to obtain a FEL
quality electron beam, stable over time, useful for users.
LFWA site under selection, three strong site candidates. Decision by end of March. LFWA R&D ongoing at Labs

In the medium term (2-3 years), EUPRAXIA should adopt a light legal framework to profit of EU calls, together
with MoU to enhance operation and collaboration among sites, nodes, clusters

By early 2030’s, target of having PWFA and LFWA sites operational for users

EuPRAXIA can be a test bed for many of the technical issues of various plasma-based projects, including
future HEP Linac colliders

Considering the many challenges, future large size, plasma-based HEP infrastructures should follow the
strategy of forming strong International Collaborations (“a la” LHC experiments)



PRA A

Coordinator

INFN
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EuPRAXIA-PP Consortium
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