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PRA IA EuPRAXIA

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

Shrink down the facility size

~

Producing particles and photons to support
several urgent and timely science cases

Drive short wavelength FEL

Antonio Falone, BSBF 2024, 01/10/2024 WWW.eupraxia-pp.org
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-_Pave the way for future Linear Colliders

FEATURE EvPRAXIA

Surfs up Sirmulation of electron-driven plasma wakefield acceleration, showing the drive electron beam {orange/purple), the plasma electron
wake (grey) and wakefield-ionised electrons forming awitness beam (orange),

EUROPE TARGETS
A USER FACILITY FOR
PLASMA ACCELERATION

Ralph Assmann, Massimo Ferrario and Carsten Welsch describe the status of
the ESFRI project EUPRAXIA, which aims to develop the first dedicated research
infrastructure based on novel plasma-acceleration concepts.

nergetic beams of particles are used w explore the
E fundamental forces of nature, produce known and

unknown particles such as the Higps boson at the
LHC, and generate new forms of matter, forexample at the
future EALE facility. Photon science also relies on particle
beams: electron beams that emit pulses of intense syn-
chrotron light, including soft and hard X-rays, in either
cireular or linear machines. Such light sources enable
time-resolved measurements of biological, chemical and
physical structures of the rolecular down to the atomic
scale, allowing a diverse global community of users tw
Investigate systems ranging from viruses and bacteria
tomaterials science, planetary science, environmental
science, nanotechnology and archaeology. Last but not
least, particle beams for industry and health support many
societal applications ranging from the X-ray inspection
of eargo containers to food sterilisation, and from chip
manufacturing to cancer therapy.

CERENCOURIER  MAW/TUNE 3033

This sclentific success story has been made possible
through a continuows cycke of innovation in the physics
and technology of particle accelerators, driven for many
decades by exploratory research in nuclear and particle
physics. The imention of radio-frequency (RE) technology
in the 19205 opened the path to an energy gainof several
tens of Mel! par metre. Very-high-energy accelerators weare
constructed with RE technology, entering the Gev and
finally the TeV energy scales at the Tevatron and the LHC.
New collision schemes were developed, for example the
mini "beta squeeze” in the 19705, advancing luminosity
and callizion rates by arders of magnitudes, The invention
of stochastic cosling at CERN enabled the discovery of
the W and  bosons 40 years ago.

Howvever, intrinsic technedogical and conceptual limits
mean that the size and cost of BF-based particle accel-
erators are increasing as researchers seek higher beam
energies. Colliders for particle physics have reached a
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PRA 1A Plasma Acceleration
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Drive pulse
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Laser Wakefield
Accelerator (LWFA):
Drive beam = laser beam
Plasma
J o Plasma WakeField
Electron bubble - Accelerator (PWFA):
Drive beam = high energy
J 2 electron or proton beam
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Year of commissioning

New frontier in particle accelerator = Technological steps

Plasma accelerator are now very promising to reach beam energy and quality able to be used for Free
Electron Laser and light source in general.
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PRA A Conceptual Design Report
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e First ever design of a plasma accelerator facility. ST
e Conceptual Design Report for a distributed research infrastructure GO e vt e
funded by EU Horizon2020 program. Completed by 16+25 institutes.
e Challenges addressed by EUPRAXIA since 2015:
o Can plasma accelerators produce usable electron beams?
o For what can we use those beams while we increase the beam
energy towards HEP and collider usages?

e Next phase consortium: > 50 institutes
e Preparatory Phase project: 2022 - 2026 (ongoing)
e Start of 1st operation: 2029

@sciences ’@ Springer

600+ page CDR, 240 scientists contributed
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W. T. Wang. K. Feng. e al..
Natwre, 595, 561 (2021).

2021 Plasma FEL Feasibility Proven: Laser-driven

FEL Pilot exp

Harizon Europs

Recent ground-breaking result in China

500 MeV electron beam from a laser wakefield accelerator

FEL lasing amplification of 100 reached at 27 nm wavelength (average

radiation energy 70 nJ, peak up to 150 nJ)

PRA

o First Beam Driven SEEDED - FEL Lasing at SPARC_LAB (June 2021)
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Seeded FEL radiation

¥ Pulse energy increased 2 order of magnitude respect to
SASE radiation

¥ B% pulse energy RMS fluctuations over 90% of successful
shot respect to 17% over 30% of shot for SASE

WWW.eupraxia-
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Horizon Europe
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Collaboration Soleil/HZ Dresden, published on
Nat. Photon. (2022). https://doi.org/10.1038/s41566-022-01104-w
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Timeline
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Site £

Site 1 Implemented

2022 Implemented

2091 * Ena Preparatory

Start chase

2019 Preparatory
ESFRI Ph EEE

2015 Roadmap
Conceptual Design | inclusion

Concept Report Published

developed

* Statute approval

® TDR Site 1
Ready ® TDR Site 2

Ready
* Site /
Decision ® Governance

affective First users
2025

2030
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PRA A EuPRAXIA Consortium

EuPRAXIA Preparatory Phase Consortium

To Be Decided i

38 institutes between members and observers
plus CERN

e 2implementation sites:
o Beam Driven Plasma @ INFN-LNF Frascati (Italy)
o Laser Driven Plasma - To be decided among 4 candidates
» ELI-ERIC (Czech Republic)
= EPAC - CLF (UK)
= CNR-INO (ITA)
= CLPU (SP)

e National nodes
e Techonological Clusters

Observersalsoin China, Japan and US
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PRA A R&D and wide user spectrum

-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)

Antonio Falone, BSBF2024, 01/10/2024
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Wide spectrum on possible applications

Novel ~ . :
' accelerator U Compact fabie={op
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= pts development collider stage test beams
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PRA A User Survey
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euPRAYIA
Preparatory Phase

Open Survey to better understand needs and requirements
from potential users. EUPRAXIA-PP Survey for

the potential user
community

|n Order to Offer the |a rg eSt SpeCtr‘u m Of pOSSIb'G The purpose of this survey is to engage with the future EuPRAXIA

user community and gather valuable insights into the potential
needs and expectations of scientists who may participate in

a p p | I Ca tl O n upcoming experiments using plasma acceleration sources.

The survey will take approximately 5-10 minutes to complete.

Your valuable input will help us shape the project to
better serve the needs and aspirations of the scientific
community.

SCAN QR CODE
TO JOIN

Antonio Falone, BSBF2024, 01/10/2024 Www.eupraxia-pp.o rg


https://surveys.infn.it/index.php/718177?lang=en

PRA IA

Laser-driven

Phase 1 Y FEL beamline to 1 GeV

+ user area 1

v" Ultracompact positron

source beamline +
positron user area

Implementation Phasing

Beam-driven

FEL beamline to 1
GeV + userarea 1

v" GeV-class positrons

beamline + positron
user area

beamline / user area

v’ Other future

Phase 2 (¥ X-ray imaging v ICS source beamline +
beamline + user area user area
v’ Table-top test beam v HEP detector tests
user area user area
v FEL user area 2 v FEL user area 2
v FELto 5 GeV v FELto 5 GeV
Phase 3 ¥ High-field physics v Medical imag/ng

beamline / uger area

v" Other futur
developments

developments \l‘

Fully Funded
130M€ approx

Antonio Falone, BSBF2024, 01/10/2024

* *
* 4 Kk

Funded by the
European Union

INFN (Italy):

Facility for beam-driven
plasma accelerators

Plasma
Accelerator

\ RF RF

FEL user area 1

Undulator Undulator

FEL user area 2

ICS X-ray source
—
Injector Accelerator user area (BU3)
e S
g HEP detector test
el laSEF Plasma Conversion & ™ Sl |

Accelerator

—  clectrons
el POSItrons

i b

GeV-class positron
user area

conditioning sy

Plasma Injector -

Life-science & materials X-
ray imaging user area

Facility for laser-driven
plasma accelerators

Plasma

Plasma Injector
Accelerator

Plasma

—)  Accelerator

RF Injector

i Table-top test beam )
user area

L9 o

o . "N
| Ultracompact positron
source user area

L "

Conversion & =t

conditioning

FEL user area 1

= Undulator Undulator (;
FEL user area 2
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PRA /\GA

Beam Driven Plasma - Site 1
EuPRAXIA @ SPARC LAB

Site 1 - Phase 0 Funded from Italian Government (108 M€)

<

Istituto Wazionale di Fisica Hucleare

LNF - xxfxx

EuPRAXIA@SPARC_LAB

Technical Design Report

TDR finalization on going

Antonio Falone, BSBF2024, 01/10/2024

IMPLEMENTATION PHASE
| PLANNING
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PROCUREMENT

~ SAT & PREASSEMBLY

Installation & Commissioning
-

m
“ c
PROCUREMENT 2
: INSTALLATION A wn
COMMISSIONING

- e
Finq[ dgﬁjgn 1)
o ® Authorization Process g Cc
® or
o Executive Design @ ﬁ %
Tender Construction Preparation E 8
90
- - - o m
CONSTRUCTION START BUILDING CONSTRUCTION Potential Partial Handover =2

09/26
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PRA A Beam Driven Plasma - Site 1

u i { 1*"%-*-&'; RIERIIEN B HE REIR RN TR T IR

X-band Linac 1 Linac 2
MMMH L
45- band 8 X—band 8 X band

8 Photo
Injector

* Baseline : Plasma acceleration operation scheme = WoP1
* Suitable for the High Charge Single Bunch operation boosted by an All-RF Linac up to 1 GeV = WoP2

Antonio Falone, BSBF2024, 01/10/2024 WWW.eupraxia-pp.org



PRA A Beam Driven Plasma - Site 1

S-Band Injector
X-Band Linac

VliachinesaUnaulator
3D layout

X-Band RF power stations

2 FEL Lines (4nm and 180nm)

Innovative design to
compress the space.
(1GeV in approximately
55m)

Accelerator & undulator definition 70%

* Photon beam lines & end stations 30%
* Building functional area definition 90%
e Description of components 70%

* Mechanical drawing for tender request 20%

Antonio Falone, BSBF2024, 01/10/2024 WWW.eupraxia-pp.org



PRA A Beam Driven Plasma - Site 1
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Brand new building to be - T'“:’J
constructed in the south area . il

of the LNF Campus.

e Executive design almost
completed.

e Authorization ok.

e Tender for construction
will be out in 2025. R L

=
"
i 4 -
F i
'n'

.1_l" ..":.\' 1) ‘
5 e I
1
L
Courtesy of S. Incremona
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EuPRAXIA Advanced Photon Source
EUAPS: EUuPRAXIA Advance Photon Sources - Principal Investigator: M. Ferrario,

®,

L
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PRA 1A

dvanced Photon Source

Antonio Falone, BSBF2024, 01/10/2024
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dvanced Vhaton “ources

[taliadomani

A HE] IEHSE

- Infrastructure Manager: C. Bortolin,
- Management and Dissemination: A. Falone

Reseadrch

The EuPRAXIA Advanced Photon Sources (EuAPS) project, led by INFN in collaboration with CNR and University of Tor Vergata, foresees the construction of a laser-

driven “betatron” X Ray user facility at the LNF SPARC_LAB laboratory. EuAPS includes also the development of high power (up to 1 PW at LNS) and high repetition rate

(up to 100 Hz at CNR Pisa) drive lasers for EuUPRAXIA. EUAPS has received a financial support of 22.3 MEuro from the PNRR plan on “creation of a new Rl among those

listed in NPRI with medium or high priority” and has received the highest score for the action 3.1.1 of the ESFRI area “Physical Sciences and Engineering”.

WWW.eupraxia-pp.org




Finanziato % Ministero : )
“ dall'Unione europea { ;E' dell'Universita l [taliadomani PRA IA
MexiGeneralionEU 225 pdella Ricerca ot IFEAA £ HEASLIENEA

dvanced Vhaton “ources

+ EuPRAXIA
Eupraxia laser development is aimed at delivering more efficient, * PWclass,

+ 100 Hz repetition rate, e

kW class PW laser driver for plasma acceleration at >100 Hz rate . muiti kw average power,
* diode pumped
= Full thermal load transport

Betatron radiatic

———

PRA A

dvanced Photon Sources

+ CURRENT

» PW class,

* Hz repetition rate,

« =10 W average power

THALES

* flashlamp pumped
* No thermal load transport

Electron Beam Energy 50- 800 MeV

Plasma Density 10*17-10*"19 (cm*-3)

Full Funded by Next-Gen EU, PNRR Italian
Program (22,4M€)

Photon Critical Energy 1-10 keV

Number of photon per

10*6 10"9
pulse

Antonio Falone, BSBF2024, 01/10/2024 WWW.eupraxia-pp.org



- [PRA A Preparatory Phase
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Infradev - Horizon Europe Grant aimed to bring the overall iniative to a level of maturity able to
guarantee a smooth transition towards the implementation and operational phase.

* Managerial WP's

: ‘e : WP1 COORDINATION & PROJECT MANAGEMENT Selecied Commilises and Boards
* Outreach to public, users, EU decision makers and industry _

GOVERNING BOARD
* Define legal model (how is EUPRAXIA governed?), financial model, rules, user services TR TRTA, e, e

SERVICES institute)

and membership extension for full implementation B
ARRRAR R Sy | WPGMEMBERSHP = Steering Committee
» Works with project bodies and funding agencies - Board of Financial Sponsors EXTENSION STRATEGY G G iR
=~ 2 u
* Technical WP’s : 5 z
E WFP7 E-NEEDS &DATA POLICY WP11 APPLICATIONS g
* Update of CDR concepts and parameters, towards technical design (full technical < o LAt ooy 3 Scientific/Technical
. . . = WP8 THEORY & SIMULATIONS &tl A;‘:): a OEIN = S;RY < Advisory Board
design requires more funding) 5 (external experts n user
. . . : . RN WP13 DIAGNOSTICS 'S e
* Specify in detail Excellence Centers and their required funding: TDR related R&D, @ technical themes)
prototyping, contributions to construction OB ONEORENTS e e o
* Help in defining funding applications for various agencies e

WP2 DISSEMINATION & PUBLIC RELATIONS makers and funding

authorities)

* Output defined in milestones & deliverables with dates

2022-2026. We are now in the middle of the preparatory phase

Antonio Falone, BSBF2024, 01/10/2024 WWWw.eupraxia-pp.org
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PRA 1A Preparatory Phase

EuPRAXIA community gathered last week in the beautiful location of ELBA Island to discuss the
status and future progress of EuPRAXIA.

Antonio Falone, BSBF2024, 01/10/2024 WWW.eupraxia-pp.org



PRA A Conclusions

e EUPRAXIA aims to become a reference world class distributed Research infrastructure in the
field of Particle Accelerator, Plasma Technology and High power laser.

e From the conceptual design to the start of operation (2029 approx).
e Fund raising successfull -—> ESFRI Roadmap
e Large collaboration - Bottom up approach

e Exciting time ahead: 2nd Site Decision, Definition of the future governance and legal framework,
R&D outcome...

e Start the implementation of EUPRAXIA@SPARC_LAB (site 1) in 2026.

Antonio Falone, BSBF2024, 01/10/2024 WWW.eupraxia-pp.org
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PRA A EuPRAXIA-PP Consortium
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