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PRA/\GA The EuPRAXIA Project

15t ever design of a plasma accelerator facility. 15t ESFRI
plasma acc. project. 15t ESFRI acc. project since 2016.

Conceptual Design Report for a distributed research
infrastructure funded by EU Horizon2020 program.
Completed by 16+25 institutes.

Challenges addressed by EuPRAXIA since 2015:

e Can plasma accelerators produce usable electron beams?

* For what can we use those beams

Next phase consortium: > 50 institutes
Preparatory Phase project: 2022 — 2026 (ongoing)

Start of 15t operation: 2028
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A New European High-Tech Research Facility

PRA,IA Delivering Frontier Science

Building a facility with very high field plasma
accelerators, driven by lasers or beams
1 1 — 100 GV/m accelerating field

Shrink down the facility size

Experimental techniques and typology of samples

Producing particle and photon pulses to
/ support several urgent and timely science
raysbeorpton specrosopy 1| M 2 cases
rm—— .:iygg Enable frontier science in new regions and
SR AT« ik alll > | parameter regimes

Coherent imaging
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European Plasma Research Accelerator with eXcellence In Applications

Versatile — Designed for Users in Multiple Science Fields

' Novel ~ : :
Compact \ e Diagnostics Table-top

ot Compact
radiation development 4 test beams
i concepts collider stage for HEP

ACC ELERATO

SCIENCE

Compact
positron
sources

Structural PHOTON

bialogy SCIENCE

Time- INSPECTION

MEDICAL
resolved & MATERIAL
material STUDIES ACCELERATORS compact

analysis accelerators

Novel laser
technology
concepts

High energy
density
physics

E-beam
machining

Topics of research: proteins, viruses, bacteria, cells,
metals, semiconductors, superconductors, magnetic
materials, organic molecules
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INDUS@ Industrialisa- |
APPLICATION o

Delivers 10-100 Hz ultra-
short pulses

e Electrons
(0.1-5 GeV, 30 pC)

* Positrons
(0.5-10 MeV, 10°)

* Positrons (GeV source)

* Lasers
(100 J, 50 fs, 10-100 Hz)

* Betatron X rays
(1-110 keV, 109)

* FEL light
(0.2-36 nm, 10°-10%3)




PrRACA  EUPRAXIA: Enabling Additional Science = FEL

Funded by the
European Union

Visible

Ultraviolet light e Issue: Only few FEL’s can be

built due to their size and cost.

= . | ] Access to beam time is strongly
Soft X Rays | FEL: OF EUROPE limited.
In addition: Compact Hard X Rays
plasma-based FEL’s
Gamma Rays
[

PRA AL

I I ] ] I I ] ] L I ] J

* Beautiful and highly optimized
masterpieces of science.

* Go here for best possible
performance.

1um 100 nm 10 nm 1nm 100 pm 10 pm 1pm 100 fm 10 fm

GDR APPEL - EuPRAXIA-PP - 13-XI-23



Funded by the
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pRAl‘éA Beam qualityin pilot FEL experiments
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PRAIA Distributed Research Infrastructure (Sep 23)

European Union

Today s status

Excellence centers:
several (6 — 10)
assumed to be

o Beam-driven plasma user facility ;’1
EuPRAXIA Headquarter ‘3

o Laser-driven plasma user facility:
candidates

Plasma Acc. &
High Rep. Rate

Advanced

‘ Applications

Beamlines (UK)

@ Excellence Center realized

Technology
Second site will be decided in Preparatory Incubator (CZ - ELI) Second site: one to be
Phase project.

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

& 1 GeV FEL (F) Connect with WP’s to

Beam-driven plasma user facility Horizon Europe and
EuPRAXIA Headquarter

4 selected
r Data Center (H)
Laser-Plasma Acc. ‘

national funding lines

Theory &

P RAAéA simulations
“ (P)

The notion of “excellence centres” is currently being redefined

a4
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PRAGA  Phased Implementation of Construction Sites L

Funded by the
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Laser-driven Beam-driven INFN (Italy):
Facility for beam-driven FEL user area 1
. . | e Undulator Undulator
Phase1 Y FELbeamlineto1 GeV Vv FEL beamlineto1 e e EEn ol
Plasma FEL user area 2
+userareal GeV +userarea 1 Accelerator
v Ultracompact positron v GeV-class positrons RE RE ICS X-ray source
. A N - _
source beamline + beamline + positron Injector > Accelerator user area (BU3)
positron user area user area
v [ HEP detector test ]
_ . . / .
Phase 2 X-ray |mag|ng ICS source beamline + Joser Plasma Conversion & ™= user area
beamline + user area user area ectrons Accelerator conditioning _>[ GeV-class positron
\/ _ ‘/ user area
Table-top test beams HEP detector tests > positrons
user area user area
v/ FEL user area 2 v FEL user area 2 Facility for laser-driven
) . , plasma accelerators
v  FELto 5 GeV v  FELto 5 GeV . Life-science & materials X-
= Plasma INjector m—) O e ———
Phase 3 Y High-field physics v’ Medical imaging
beamline / user area beamline / user area (Table-top test beam )
v’ Other future v’ Other future —p Plasma Injector Ac'z:zr:‘;or Cczrr\]\;?;zzlnn: —>__userarea .
developments developments P Uttracompact positron
source user area )
FEL user area 1
Plasma
I . J
. >  Accelerator =» Undulator Undulator ( <
RF Injector FEL user area 2
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PRA/\GA EuPRAXIA European Project: History and Today

Funded by the
European Union

Idea & funding Next critical decision point
proposal

2013 - 2015
Conceptual
Design Study

2015 - 2019 " ;
Political selection
Today

for ESFRI
2020 - 2021 Preparatory
phase project
2022 - 2026
Implementation 2019 - 2032 >

I | Operation as

European RI
2028 - 2065

GDR APPEL - EuPRAXIA-PP - 13-XI-23



PRA A The EuPRAXIA Consortia Today

>

54 institutes (in addition > 6 asked to join us presently)
from 18 countries plus CERN

signed on one or several presently active EUPRAXIA consortia:
— ESFRI consortium (funding in-kind)
www.eupraxia-facility.org

— Preparatory Phase consortium (funding EU, UK, Switzerland, in-kind)
WWW.eupraxia-pp.org

— Doctoral Network (funding EU, UK, in-kind)
www.eupraxia-dn.org

GDR APPEL - EuPRAXIA-PP - 13-XI-23
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LBNL

University of Oxford | Uni ited Kingdom Research DESY | HZDR | Helmholtz Institute Jen

vation (UKR,
University of York DD Institute ZJV",':L'I,
University of Strathclyde | Lund for Laser Technology Imut
University of re—
Liverpool wig-Maximili
Sipee Universitat Miin nen 0%

Imperi |c || ege -
Unii versl!yB lfas t Lond, -

CNRS | Thales LAS France I I
CEA | Synchrotron SOLEIL

Amplitude Technologies

CIVIDEC
— CroH

cLey !li -
ALBA-CELLS | — CERN @‘

Ecoll Swiss Federal
Polytechniq Laboratories fo
Fédérale d Materials Science Universita degli Studi di
Lausanne and Technology Roma ‘Tor Vergata’ ENEA |

CNR | Elettra Sincrotrone Trieste |




PRA 1A

Idea & funding
proposal
2013 - 2015

EuPRAXIA European Project: History and Today

_—

2015 - 2019

Conceptual
Design Study

€ € €
EU funding

Funded by the
European Union

Next critical decision point

Science-political

Excellence,
innovative
solutions

for ESFRI
2020 - 2021

Political selectio

Today

Preparatory
phase project
/ 2022 - 2026

support: users, ESFRI,
EU science ministers

Funding today:

Implementation

- 176.4 M€
2019 - 2032 >

/

LG

Operation as

European RI
2028 - 2065

€ € €

In-kind support -

national funding

regional (EU) funding




(*) includes estimate of 240 FTE-y of personpower from LNF-INFN

(**) cost will be reduced in case of relevant pre-invests (exisiting infrastructure, equipment)

PRAIA  EUPRAXIA: Cost/Budget Status Aug 2023
Cost item
Invest Personnel | Total cost Obtained |Coverage Missing (3§)
(M€) (M€) (M€) (M€) (%) (M€)
Site 1 (*), Frascati 151,0 23,0 174,0 138,8 80% 35,2
Site 2 (**), tbd 149,0 29,0 178,0 0,0 0% 178,0
Termination 1,0 2,0 3,0 0,0 0% 3,0
CDR 0,2 2,8 3,0 3,0 100% 0,0
Preparation, incl.
excellence centers 137,0 74,0 211,0 34,6 16% 176,4
Total 438,2 130,8 569,0 176,4 31% 392,6

(§) for full implementation, phased EuRAXIA approach allows user operation without full funding
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PRA 1A Outstanding Success in Funding so Far

It is highly unusual to have this high funding rate at this stage
of the project.

We have sufficient funds to construct Phase 1 of EuUPRAXIA
at Site 1 = Frascati = construction process started

But of course we want to build the full things:

we can reduce the scope but we will loose some of our
possible impact and we compromise leadership in the
international landscape

So Preparatory Phase will work out details for the full
EuPRAXIA proposal with two sites, excellence centers, laser
leg, applications and clusters of institutes!

GDR APPEL - EuPRAXIA-PP - 13-XI-23
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Funded by the
European Union

PRA 1A We are on ESFRI Roadmap of 2021

ESFRI = European Strategy Future Research Infrastructures

Bl P> ESFRI PROJECTS

NAME FULL NAME TYPE LEGAL ROADMAP  OPERATION INVESTMENT  OPERATION
STATUS (Y) ENTRY (Y) START(Y) COST (ME€)  COST (ME/Y)
EST European Solar Telescope single-sited 2016 2029° 2000 120
ET Einstein Telescope single-sited 2021 2035° 19120 370
EuPRAXIA European Plasma Research Accelerator distributed 2021 2028° 569.0 300
with Excellence in Applications
KM3NeT 2.0 KM3 Neutrino Telescope 20 distributed 2016 2020 196.0 30

 Two new entries in 2021: Einstein Telescope (ET) and EuPRAXIA
 EuPRAXIA is the only accelerator facility selected in the last 6 years

 EuPRAXIA is the first plasma accelerator facility ever included

PHYSICAL SCIENCES & ENGINEERING

PHYSICAL SCIENCES & ENGINEERING

GDR APPEL - EuPRAXIA-PP - 13-XI-23



PRA 1A

EUPRAXIA: Orticial Viember ot the Big

Club

* X x
* *
* *
* *

* 5 x

Funded by the
European Union

PHYSICAL SCIENCES & ENGINEERING ESFRI LANDMARKS ©

NAME FULL NAME TYPE LEGAL ROADMAP  OPERATION  INVESTMENT  OPERATION
STATUS (Y) ENTRY (Y]  START(Y) COST (ME) _ COST (ME/Y)
CTA Cherenkov Telescope Array single-sited gGmbH. 2014 2008 2024° 4000 200
ELI ERIC Extreme Light Infrastructure single-sited ERIC, 2021 2006 2018 8500 800
ELT Extremely Large Telescope single-sited ESO* 2006  2027° 13090 480
EMFL European Magnetic Field Laboratory distributed  AISBL. 2015 2008 2014 1700 200
ESRF EBS European Synchrotron Radiation Facility single-sited ESRF* 2016 2020 1280 820
Extremely Brilliant Source
European European Spallation Source single-sited ERIC, 2015 2006 2026° 3.009.0 1400
Spallation
Source ERIC
European XFEL European X-Ray Free-Electron Laser Facility single-sited European XFEL* 2006 2017 15400 1370
FAIR Facility for Antiproton and lon Research single-sited GmbH. 2010 2006  2025° NA NA
HL-LHC High-Luminosity Large Hadron Collider single-sited CERN?# 2016 2027° 14080 136.0
ILL Institut Max von Laue - Paul Langevin single-sited ILL* 2006 2012 1880 1000
SKAO Square Kilometre Array Observatory single-sited SKAO. 2011 2006  2027° 19860 770
SPIRAL2 Systéme de Production d'lons Radioactifs single-sited GANIL 2006 2019 3073 52

en Ligne de 2e génération

GDR APPEL - EuPRAXIA-PP - 13-XI-23
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PRA/\éA EuPRAXIA European Project: Next Step

Funded by the
European Union

Idea & funding Next critical decision point
proposal

2013 - 2015
Conceptual
Design Study

2015 - 2019 " ;
Political selection
Today

for ESFRI
2020 - 2021 Preparatory
phase project
2022 - 2026
Implementation 2019 - 2032 >

I | Operation as

European RI
2028 - 2065
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PRA /\6;\ EuPRAXIA European Project: Next Step

Funded by the
European Union

Next critical decision point

€ € €
EU funding

Idea & funding
proposal
2013 - 2015

Science-political
support: users, ESFRI,

Conceptual
Design Study

201>- 2019 | political selection EU science ministers
for ESFRI Resources
2020- 2021 Preparatory
Funding: today 176.4 M€ phase project Legal model

2022 - 2026

Legal OP
Structure

Implementation 2019 - 2032
I

Operation as

European RI
2028 - 2065
Resources

Still required for full implementation:

Resources

200 -390 M€

€ € € In-kind support - national funding -  regional (EU) funding ]




PRA 1A Preparatory Phase Main Goals o

Funded by the
European Union

* Managerial WP's

e Outreach to public, users, EU decision makers and industry

* Define legal model (how is EUPRAXIA governed?), financial
model, rules, user services and membership extension for full |
implementation

* Works with project bodies and funding agencies = Board of e T ———
Financial Sponsors

e Technical WP’s (correspond to Project Clusters):

e Update of CDR concepts and parameters, towards technical
design (full technical design requires more funding)

! WP1 - Coordination & Project i 1 WP7 - E-Needs and Data Policy WP13 - Diagnostics

3 Management 3 R. Fonseca, IST A. Cianchi, U Tor Vergata

!\ R.Assmann, INFN & DESY 3 S. Pioli, INFN R. Ischebeck, EPFL

| M. Ferrario, INFN | | WP8 - Theory & Simulation WP14 - Transformative Innovation
| WP2 - Dissemination and Public | | J. Vieria, IST Paths

| Relations i 1 H. Vincenti, CEA B. Hidding, U Strathclyde

* Specify in detail Excellence Centers and their required funding:
TDR related R&D, prototyping, contributions to construction

! C. Welsch, U Liverpool i | WP9 - RF, Magnets & Beamline S. Karsch, LMU
1 S. Bertellii, INFN | | Components

! WP3 - Organization and Rules i1 S.Antipov, DESY WP15 - TDR EuPRAXIA @SPARC-lab
| A. Specka, CNRS i1 F.Nguyen, ENEA C. Vaccarezza, INFN
| A. Ghigo, INFN {1 WP10 - Plasma Components & R. Pompili, INFN _
| WP4 - Financial & Legal Model. | | Systems WP16 - TDR EuPRAXIA Site 2
. . . . . . . . ! Economic Impact i | K. Cassou, CNRS A. Molodozhentsev, ELI-Beamlines

* Help in defining funding applications for various agencies | cneiroee
| WP5 - User Strategy and Services | | WP11- Applications
i F. Stellato, U Tor Vergata i1 G. Sarri, U Belfast
| E. Principi, ELETTRA i 1 E. Chiadroni,U Sapienza
i WP6 - Membership Extension | 1 WP12 - Laser Technology, Liaison to

| Strategy i Industry
i B. Cros, CNRS | L. Gizzi, CNR
| A. Mostacci, U Sapienza i1 P.Crump, FBH

e Output defined in milestones & deliverables with dates

GDR APPEL - EuPRAXIA-PP - 13-XI-23



PRA/\GA PP Steering Committee: Leaders Behind EuUPRAXIA

Funded by the
European Union

i WP1 - Coordination & Project : : WP7 - E-Needs and Data Policy WP13 - Diagnostics E
Governing Board ' Management ' ' R.Fonseca, IST A. Cianchi, U Tor Vergata :
A—— ' R. Assmann, INFN & DESY | S. Pioli, INFN R. Ischebeck, EPFL i
Steering . M. Ferrario, INFN . 1 WP8 - Theory & Simulation WP14 - Transformative Innovation i
Committee . WP2 - Dissemination and Public ; } J. Vieria, IST Paths !
' Relations '+ H. Vincenti, CEA B. Hidding, U Strathclyde i
Scientific Advisory i C. Welsch, U Liverpool i E WP9 - RF, Magnets & Beamline S. Karsch, LMU !
Board '+ S. Bertellii, INFN . 1 Components E
| WP3 - Organization and Rules | | S.Antipov, DESY WP15 - TDR EuPRAXIA @SPARC-lab
Technical & ' A. Specka, CNRS i i F. Nguyen, ENEA C. Vacca.r.ezza, INFN i
Industrial Advisory i A. Ghigo, INFN ' 1 WP10 - Plasma Components & R. Pompili, INFN - :
Board | WP4 - Financial & Legal Model. | | Systems WP16 - TDR EuPRAXIA Site 2 |
i Economic Impact ' ! K. Cassou, CNRS A. Molodqzhentsev, ELI-Beamlines !
Board of Financial | A. Falone, INFN i i J. Osterhoff, DESY R. Pattahil, STFC E
Sponsors " WPS5 - User Strategy and Services | | WP11 - Applications !
' F. Stellato, U Tor Vergata .+ G. Sarri, U Belfast !
. E. Principi, ELETTRA .+ E. Chiadroni,U Sapienza |
| WP6 - Membership Extension | . WP12 - Laser Technology, Liaison to :
. Strategy ' 1 Industry |
' B. Cros, CNRS I i L. Gizzi, CNR i
. A. Mostacci, U Sapienza i '+ P. Crump, FBH i

WP’s on coordination & implementation as ESFRI WPs on technical implementation and sites

Rl (organization, legal model, financing, users)
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e Distributed RI
e 2 FEL Construction

EuPRAXIA (1 - 5 GeV) EuPRAXIA at |
| _—— Frascati (Site 1) Sites
Site 1 e Several Excellence

[

[

[
PWFA design to 1 GeV : Centers
135m [

[

EuPRAXIA at ELI-

- : LWFA design to 5 GeV
180 m

- accelerator (plasma or RF)

_____
I 1 : high-power laser
_l I  undulators + photon beamline
| —
user areas with possibly multiple
experimenta | stations
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FOOTPRINT FROM CONCEPTUAL DESIGN REPORT




It Fits the Frascati Site

(also fits sites at a large university, hospital, company, ...) Cimsesmine

PRA 1A

Directorate building

n‘!‘

INFN central \ ==
administra- '\ SPARClab (seeding
tion with plasma acc.)

PRA ,6A@ SPARCIak

(European site 1)
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PRA (A EuPRAXIA@SPARC_LAB (Site 1)

European Union

= _ Undulators

- \
1GeV LINAG -

-

-~

/\ P|asma mOdU|e | i
er modules’ | 22 i

) | 4
v:si):—‘:’ - - > ”

W= X ~

d Y 1 7

3 — _ -

S_g,c-o*ndfa ry..
~ Soukee

R. Assmann, M. Ferrario - 5 June 2023



Finanziato 7. Ministero

Eal Italiadomani UPRAIA

NextGenerationEU 1 e deua Ricerca DI RIPRESA E RESILIENZA

Advanced Photon Sources

EuPRAXIA Advanced Photon Sources (EUAPS)
* Supported by PNRR funding Flectron beam Energy eS8y e
e Collaboration among INFN, CNR, University of Tor Vergata Plasma Density 10810 cm?
 EuPRAXIA - laser-driven betatron radiation source @SPARC LAB P 16 ey

- 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 Agpeiilon it ke 2

+ extra 22ME€ (Italie)

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).

Number of Photons/pulse 107-10°

Beam divergence 3-20 mrad

Courtesy of
A. Cianchi
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PRA 1A 2"% site candidates
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PRA 1A

Legal/Political

Selection Criteria 2"9 EuPRAXIA Site

(from CDR, fulfilled by 1 Site LNF/INFN)

Technical

Funded by the
European Union

Compliance of host institution with
EuPRAXIA Access Policy

Site provides sufficient space (about
175 m x 35 m)

Financial

Commitment to sustainability of
EuPRAXIA (host lab covers site

operation costs)

Compliance of host institution with
EuPRAXIA Open Innovation and
Open Science Policy

Laboratory has infrastructures in
one or several of RF accelerators,
laser installations, user access.

Previous investments into local
infrastructures of relevance for
EuPRAXIA (leverage effect)

Agreement of host institution with
the long-term scientific agenda of
EuPRAXIA

Site provides required services and
facilities for support of external
users, including E infrastructure

Existence of one or a mix of funding
sources able to finance
implementation of the site

Laboratory has existing groups in place to guarantee safety
requirements (laser, radio-protection, access control) and rules

R. Assmann, M. Ferrario - 7 June 2023

Note: approach reduces cost (pre-invest)
and risks of cost-overun.

26
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Funded by the
European Union
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Ground area for extensions identified

, AT
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PRA 1A
CNR,P
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<
o
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.

o
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EGPRA}@A User Categories: collbaorative approach
Accelerator technologies

Plasma accelerator
- technologies

Biology

Chemistry _
Photon science

Medicine " technologies

Material Science - Laser technologies

. " I High energy physics
Physics EU PRAXIA applications

Archaeology & Users « Nuclear physics
history \ applications

\ Medical technology

Material engineering
applications

R. Assmann, M. Ferrario - 4 July 2023

Funded by the
European Union
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PRA 1A Conclusion

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 FELs in Europe.

EuPRAXIA FEL site in Frascati LNF-INFN is sufficiently
funded for first FEL user operation in 2028.

Second EuPRAXIA FEL site will be selected in next 18
months, among 4 excellent candidate sites.

Concept today works in design and in reality. Expect EURQPETARGETS
(solvable) problems in stability for 24/7 user A USER FACILITY FO
operation. Facility needed to demonstrate! PLASMA ACCELERAIRIQN
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