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First ever design of a plasma accelerator facility. The European

e Conceptual Design Report for a distributed research

* Challenges addressed by EuPRAXIA since 2015:

e 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: 1 Nov 2022 - 31 Oct 2026 - é&é;iences @Smger

st AN
Start of 1 operation: 2028 600+ page CDR, 240 scientists contributed
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ropean Plasma Research Accelerator with eXcellence In Applications

Versatile — Designed for Users in Multiple Science Fields

' Novel ~ 3 ;
Compact \ ACEBaTor Diagnostics

radiation concepts development

sources
Structural PHOTON ACCELERATO

bialogy SCIENCE SCIENCE

Time- INSPECTION
resolved & MATERIAL

material STUDIES
analysis

ACCELERATORS

High energy
density
physics

E-beam
machining

Topics of research: proteins, viruses, bacteria, cells,
metals, semiconductors, superconductors, magnetic
materials, organic molecules

R. Assmann - EuroNNAc ST Workshop - 21 Sep 2022

collider stage

MEDICAL INDUSTRI
APPLICATION

Table-top
test beams
_ for HEP

Compact
positron
sources

Industrialisa- |
tion of

compact
accelerators

Novel laser
technology
concepts

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)

This project has received funding from the European
- Union’s Horizon 2020 research and innovation

programme under grant agreement No 653782.




PRA ,\GA Human-made Sources of Light “

Horizon Europe

Visible fire (400,000 bc), oil lamp (10,000 bc), gas lamp (500 bc), candle (500 bc)

light .

1um 100 nm 10 nm 1nm 100 pm 10 pm 1pm 100 fm 10 fm
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PRA ,\GA Human-made Sources of Light

Visible

fire (400,000 bc), oil lamp (10,000 bc), gas lamp (500 bc), candle (500 bc)
light

[P

Anthonie van Leeuwenhoek (1632-1723)

Candle light plus improved microscope =
Leeuwenhoek discovered the bacteria
(large Selenomonads from the human
mouth) in 1683

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

Horizon Europe
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PRA ,ﬁA Human-made Sources of Light -

Horizon Europe

Visible fire (400,000 bc), oil lamp (10,000 bc), gas lamp (500 bc), candle (500 bc), electric light (1805)

Ultraviolet light
Soft X Rays
Hard X Rays

1um 100 nm 10 nm 1nm 100 pm 10 pm 1pm 100 fm 10 fm
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PRA ,\GA Human-made Sources of Light -

Horizon Europe

Visible

light .
Ultraviolet light
» X rays with extremely high
] < . d
Soft X Rays I FEL* OF EUROPE brlIIlan.ce and tlm.e' .
resolution capabilities
Hard X Rays

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

New capabilities with light
sources based on circular
(1970) and linear (2005)
particle accelerators

R. Assmann - EuroNNAc ST Workshop - 21 Sep 2022



PRA ,\GA Human-made Sources of Light -

Horizon Europe

Visible

Ultraviolet light
Soft X Rays | FELS OF EUROPE
Compact plasma- Hard X Rays
based source (2030) g
*
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Why Additional Compact Light Sources?

at the moment less powerful than the big machines T

PRA IA

Visible

light .

Practically unlimited number of
study objects with potentially

oD - e viruses that infect mammals
Ultraviolet light o,  There may be a million
* Need for access and screening

high impact on our lives:
o . bacterial species in 30 grams
Soft X Rays
time — work for students at

 About 320,000 unknown
of rich soil in Norway
many universities
1um 100 nm 10 nm 1nm 100 pm 10 pm 1pm 100 fm 10 fm

PRA 1A
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PRA 1A EuPRAXIA Facility Size: COMPACT

EuPRAXIA (1 - 5 GeV)

PWFA design to 1 GeV
135m

- : LWFA design to 5 GeV
180 m

——— -y

i
g

Conventional (SRF, 1.25 GeV)

—=i s15m

Horizon Europe

- accelerator (plasma or RF)

| : high-power laser

I  undulators + photon beamline

user areas with possibly multiple
experimental stations

Figure 3.6: Comparison of the expected EuPRAXIA machine length with parameters for facilities
of equivalent beam energies based on conventional RF-technologies [152, 153]. The transverse size
is not to scale. It is noted that such facilities tend to offer FEL performance parameters which are
not achievable with the EuPRAXIA design. Gains in size must therefore be put into the context of
performance limitations with the EuPRAXIA approach.

C

onventional (C-band, 5.8 GeV)

740 m
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IMPORTANT: EUPRAXIA design includes
lab space, RF injectors, transfer lines, undulator lines, shielding,

_.< ,__.____F’,d__f:'—‘"



PRAIA

HETL

Schemes and their Building Blocks

Horizon Europe

Laser Plasma Injector

Figurc 23.4: Scheme 1 using a single-stage injector / accelerator generating an FEL-quality 5 GeV

beam.

150 MeV

LETL HETL 5 GeV
—I!EITI!ZE—'(‘ Gev)

Figure 23.14: Scheme 2 combining a 150 MeV laser-plasma injector with an LPAS to 5 GeV.

250-500 MeV
HETL 5 GeV
(1 Gev)

Figure 23.24: Scheme 3 combining a 500 MeV RF injector with an LPAS to 5 GeV.

Laser-driven Plasma Accelerator Section

RF Injector

500 MeV

RFI T ———p 1Gev

Particle-driven Plasma
Accelerator Section

Figure 23.40: Scheme 5 combining a 500 MeV RF injector with a PPAS to 1 GeV.

R. Assmann - PSI Colloguium - 20 May 2022
* * ‘
=uPRA KIA

MASTER
Oscillator

FRONT-END
FRONT-END

AMP1
9(13) ), 0.8 um
AMP2
19(37)J, 0.8 um

PROPAGATION
COMPRESSION

PHOTOCATHODE AND DIAGNOSTICS

COMPRESSION
5(7)J, 30(20)fs,
(Z:)(m(;)“: A 15(30)J, 30(20)fs,
20(100)Hz
LASER1 LASER2

Laser-Driver Chain

Horizon Europe

FRONT-END LASER1 - Injector 150 MeV
Parameter Unit | PO | P1
Wavelength nm | 800 | 800
AMP1 Max Energy on Target J 5 7
Max Total Output Energy J 88 | 125
Shortest Pulse Duration fs 30 20
Repetition Rate Hz 20 | 100
AMP2 = T~ ]
Energy Stability RMS [ 1 0.6
LASER2 - Injector 1 GeV
AMP3 !’:ran'wter. Unit | PO | P1
62 (126] 1, 0.8 um e g nm 800 | 800
i 2 Max Energy on Target ] 15 30
=] Max Total Output Energy J 18.8 [ 37.5
= Shortest Pulse Duration fs 30 20
Sl & Repetition Rate Hz | 20 | 100
o Energy Stability RMS % 1 | 06
COMPRESSION = LASER3 - Accelerator 5 GeV
=) Parameter Unit | PO | PI
50(100)J, 60(50}fs, Wavelength nm | 800 | 800
20(100)Hz Max Energy on Target 7 | 50 | 100
Max Total Output Energy 2] 62.5 [ 125
Shortest Pulse Duration fs 60 50
LASER3 Repetition Rate Hz | 20 | 100
Energy Stability RMS % 1 0.6

Figure 10.1: Block diagram of the three laser driver chains.

R. Assmann - PSI Colloguium - 20 May 2022

ical par
a[mm] 2+5
b [mm] 9.828 + 10,917
d[mm] 8,332 (2n/3 mode)
r[mm] 1
d t[mm] 2.5

Figure 12.7: Basic EUPRAXIA X-band accelerating cell.

Electron Driver: X Band RF Linac

Horizon Europe

A ing section parameter | Symbol |  Unit Value |
Average iris radius (a) mm 32
Structure length L, mm 500
Quality factor Qo 6400
Normalised group velocity vgfc L 25-077
Filling time w ns 121
Number of cells Ne - 60
Average shunt impedance per unit length {R) MQm™! 90
Effective shunt impedance per unit length R MQm™' 330

Table 12.6: Characteristics of the EUPRAXIA constant gradient accelerating section.

Parameter Unit Value
Ns Number of sections 16 (2 modules x 8 sections)
P RF power MW 50 (at klystron output couplers)
k available per klystron 40 (at section input couplers)
PWFA - LWFA Ultimate
(Eacc) | Max. average gradient | MV/m 57 80
Prr | Total RF power required | MW 79 155
2 -+
Ny Number of klystrons (reduced powen) | (full power)

Table 12.7: Main parameters of the X-band linac RF system for different scenarios: injection in the
plasma (LPWA — PWFA) and ultimate performance.

R. Assmann - PSI Colloguium - 20 May 2022

;,-;@;;[':QA i Laser Transport Lines: In- and Outcoupling

Laser semoval Laser coupling

ke ™ e
. X Accelentor staze
o »d e
l 1 |
Lazer2

To trancmitted
laser diagmosties

Figure 16.3: Schematic of the laser removal and coupling in a multi-stage configuration.

R. Assmann - PSI Colloguium - 20 May 2022

Lazer removal

To tranematted
Laser diagmostics

Horizon Europe




:‘_ﬁpﬁA}dA Matching to Entrance of Undulator Section [ ]

Horizon Europe

:;_PliAf,éA Electron Beam Transport Lines

Horizon Europe

19.2 Beam Transport for the High-Energy Beam 301 (Bey) m] | Be ] | B, [ml

o | o
_ . ) Scheme 1: LPI-5 GeV 5 3.16 7.31 | -0.697 | 1.55
: 5 : 3 : 2 H ' : Scheme 2: LPI-150 MeV + 5 316 | 7.31 | -0.698 | 1.556
Plasma LPAS-5 GeV
stage . o [ Scheme 3: RFI-500 McV +| 5 339 | 689 | -0613 | LL174
ollimator I\
TR T 1 LPAS-1 GeV
cam Loss Monitor
O RSl S LS v N s B S N Y N r O e f-==—======- Y e | Scheme 3: RFI-500 MeV + 5 3.16 7.31 -0.698 | 1.556
. LPAS-5 GeV
. il D‘ — ‘ Scheme 5: RFI500 MeV +| 5 340 | 687 | -0.608 | 1.155
l PPAS-1 GeV
Dipole
X-ray camera
Capture C chicane Matching S X ! Matching Table 19.5: Electron beam matching parameters at the entrance of the undulator section in the case
section seetion seetion of a short-wavelength design (undulator period: 4, = 20mm, module length: L, = 2 m, distance
T .
» between modules: 360 mm).
Screen f
Matching
R. Assmann - PSI Colloguium - 20 May 2022 R. Assmann - PSI Colloquium - 20 May 2022
- PRAZIA Beam Transport Solutions - PRAIA Performa nce Slmulatlpns (end of transport)
Va Horizon Europe Va Start-to-end into undulator section, then semi-analytical Horizon Europe
Figure 19.12: High-energy transfer line — Scheme 2: Beam beta function (a), normalised emittance
(b), transverse size (c), and bunch duration and energy spread (d) of the core beam along the em 3 em
transport line for the case of an LPI + LPAS to 5 GeV. The calculations were performed with the Name E lpeak OE/E (En) (ﬁ) Lc Lc
tracking code TraceWin. [GeV] | [kA] [%] [um] [m] [nm] [nm]
— - - ’ Scheme 2-5 GeV 4.96 2.63 0.052 | 0.58 5 20 61
b) Scheme 3-5 GeV 5.41 2.74 0.052 | 0.34 5 14 42
Scheme 3-1 GeV 1.09 1.75 0.103 0.44 4 140 430
Scheme 5-1 GeV 1.07 1.06 0.047 0.55 4 320 990
1 — .
)

Table 24.3: Best slice values of the relevant parameters at the undulator entrance and expected
cooperation lengths.

! T -_- T Name E Tpeak OpfE | €nx Suy o, o, £, Seherne 3 5 GeV toa
d) 12 [GeV] | [kA] | [%] [pm] | [wm] | [pm] | [pm] | [um] .
i1l Scheme 2-5GeV | 498 [ 293 | 0.108 | 053 | 059 | 087 |092 |01l :
R N S S S N N R N R R N R R R S S S N 10'2 Scheme 3-5GeV | 5.41 2.85 0.046 | 0.38 0.32 1.06 0.98 1.3 I
’ g Scheme 5-1 GeV | 1.07 1.95 0.098 | 0.67 0.59 0.83 0.98 0.9
]
09 5 Scheme 3-1 GeV | 1.09 1.88 0923 | 04 041 22 22 1.2 Figure 24.1: Magnetic wnit cell of a systom made up of an undulstor as well as focussing and
defocusing quadrupoles for the Jy = 3 cm assoclated with the specificd electron
T T -—- T 0.8 . beams and superimposec] with the longitudinal peofiles of their Twiss f, (solid red line) and f3,
5 6 7 8 Table 24.1: Best slice values of the relevant parameters at the plasma exit. (dotted blue line) functians.

R. Assmann - PSI Colloquium - 20 May 2022 R. Assmann - PSI Colloquium - 20 May 2022



PRA/ﬁA T e R e e E3 o A,dA Performance Simulations (short period)

Horizon Europe Start-to-end into undulator section, then semi-analytical Horizon Europe
E [GeV] | Ag [nm] | Ay [mm] | K | By [T] Name Ag [nm] | Pierce p [%] | Lg3q [m] | P [GW]
5 0.22 20 1.5 | 0381 = Scheme 3-5GeV | 0.19 0.099 1.7 4.39
5 1.65 30 4.36 1.56 Scheme 2-5 GeV 0.3 0.084 274 1.75
1 5 20 1.5 | 0381 Scheme 3-1 GeV | 4.67 0.236 0.59 1.94
1 41 30 4.36 1.56 Scheme 5-1 GeV 4.86 0.188 0.63 1.29
Table 24.2: Undulator configurations used for the FEL environment Table 24.4: FEL semi-analytical results for the short-undulator-period configuration based on the
24.2: g S Us ;

best slice parameters of Table 24.3.

sii¥ — Name Saturation | Linewidth | Pulse dura- | Photons per | Brightness
a e S ion [fs e [1010 -1
CR P length [m] | [%] tion [fs] pulse [101] | [x10%s .
| - P (mmmrad) =
= (01%bw) 1]
o Scheme 2-5 GeV 0.18 o4 [ Jou |
_ PP Scheme 3-5 GeV 023 20 | [32 w |
g 5 ] Scheme 3-1 GeV 0.25 24 | 23 os |
4 . - i
Scheme 5-1 GeV 0.59 2.0 I 1.3 00s |

2(m)

Table 24.5: Results of the time-dependent simulations with longitudinal dynamics, obtained with
25 GeV (top) and Scherue 3 : g .
sediguration. The fundamental PERSEQ, for the short-undulator-period configuration.

Flgure 24.4: Geowth of the SASE PEL esergy per pubse of
5 GeV (bottom) beasm distributions with the shoct-undulasor.

\ X > (solid lime) and third (dotted linc) harmoaics are shown.

R. Assmann - PSI Colloguium - 20 May 2022 R. Assmann - PSI Colloquium - 20 May 2022

Performance Simulations (long period)

Start-to-end into undulator section, then semi-analytical Horizon Europe

Horizon Europe

PRA A PRAIA FEL Brilliance Compared

Name Ag [nm] | Pierce p (%] | LG4 Im] | P [GW] %
c
Scheme 3-5 GeV 1.4 0.23 0.83 17.8 = e
Scheme 2-5GeV | 1.67 0.2 0.94 14 X * b *
Scheme 3-1 GeV 34.5 0.57 0.36 4.94 S EuPRAXIA E PRA \/ IA
Scheme 5-1 GeV |  35.9 0.45 0.44 251 E N range in peak u A <10fs
£ nceneica brilliance
Table 24.6: FEL semi-analytical results for the long-undulator-period configuration based on the ) . - ~
best slice parameters of Table 24.3. ] E
£ sponn naturally ||,...‘..||
— ] Name Saturation Photons per | Brightness [x10% " LI <50 fs
length [m] pulse [10'°] | s~ (mmmrad)~2 2 pulses to fit \
* & 1 — |
s ] (01%bw)~"] g ’ into plasma fdns
! " Scheme 2-5 GeV 42 5 £ r _ bucket
&, _ : T time
s - /_,__'»_.- — T] Scheme 3-5 GeV 72 ) uss e
s | Q
""'j /'/ ‘ Scheme 3-1 GeV 31 & Up to 100 Hz
::: — 2 n 1\ Scheme 5-1 GeV 16 single
A bunches
op) e Sckeme 3. Table 24.7: Results of the time-dependent simulations with longitudinal dynamics, obtained with Femtosecond x fay laser pUIseS
ST PERSEQ, for the long-undulator-period configuration. Energy [eV]

Figure courtesy H. Dosch

R. Assmann - PSI Colloguium - 20 May 2022 R. Assmann - PSI Colloquium - 20 May 2022



PRA ,\GA Solving Energy Spread (Touschek Prize 2020)

Electron beam Ref.: Ferran Pousa, Martinez de la Ossa, Brinkmann, Assmann
PRL 123, 054801 (2019) Not to scale. Compact setup 1.5 m.
Laser 1 —_
g
herent synchrotron Radiation Plasma mirror ES
con SR) and Space-Charge (coupling of laser
: (c d 2) plasma accel-
Plasma mirror checke stage
(laser 1|) Active plasma lens
remova hicane
\‘\ ,'/ ) ens
plagma accel Active plasma !

I

stage 1,_’

... flipping phase space
in the middle before
second plasma stage

Accelerating in a
plasma stage and...

x

—»

R. Assmann - EuroNNAc ST Workshop - 21 Sep 2022

Horizon Europe




PRA /\GA EuPRAXIA FEL: Feasibility Proof Achieved

Horizon Europe

5
Recent ground- Single Spike SASE
. . spectrum =
breaking results in P 3
. >
Frascati:
First FEL lasing
from a beam- 102 El §l T T T T T T T T T T
i Data
driven plasma fol b —Fit
accelerator 5 A Simuaton
N 107 ¢ -
Nature 605, 659—662 (2022) g o
ing iccp FEL spectrum LLI
10—3 1 | | | | | | | | | | |
2 3 4 5 6 7 8 9 10 11 12 13

R. Assmann - EuroNNAc ST Workshop - 21 Sep 2022
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Betatron X Rays: DeSign 'edical Imaging Line

Fully plasma-based beamline for generating betatron radiation as a compact X-ray
source for medical imaging and material analysis. The user area is behind the wall on
the right.

\
' Betatron xray beam

10-20 micrometers

Added value

It fits new locations, close to users,

patients, bridges, ... | (XAS technique), ...

Strengthening the European
research area!

Electron beam from this compact
| setup can be used on longer-term
for VHEE radiation therapy involving
FLASH and grid mini-beam concepts

EuPRAXIAfacilitylrenderingjpicture

R. Assmann - EuroNNAc ST Worksho &




PRA /éA Betatron X Rays: Compact Medical Imaging

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

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 FOOD & HEALTH

R. Assmann - EuroNNAc ST Workshop - 21 Sep 2022

Horizon Europe

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 EuUPRAXIA 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)




PRA /\@\ Betatron X Ray Source in Numbers

Horizon Europe

‘ Property | Symbol ‘ Characteristic Value | Implication | —V FWHM= 4.0 mm
- e = VOLUME 88, NUMBER 13 PHYSICAL REVIEW LETTERS 1 AprIL 2002
Hard photon energy Ecrit > 25keV deeply penetrating : e
Small source size B ~ Um exhibits high spatial resolution : X-Ray Emission from Betatron Motion in a Plasma Wiggler
. . - Shuogin Wang,' C.E. Cl ,! B.E. Blue,' E.S. Dodd,' K. A. Marsh,! W.B. Mori,! C. Joshi,! S. Lee,> P. Muggli,2
Small dlvergence 0 ~ 10mRad makes beamline g " Beading Magadt T, Katsouleas F . Deczlr(,’lnm, LJ] _Hog:ne.ifkc,lj_.flvz_rsoz,l i, Raliranr;ga[i; D. wgzgij R Siomann, and R. Assmann’
. < Radiati s _' mvvz"rxn,\' of California, Los Angeles, California 901
Short pulse T ~ 10fs ultra-fast dynamics i et o oy
. . . . . “CERN, Switzerland
Bright Nph > 10° (photons per shot) single-shot imaging (Received § October 2001 published 19 March 2002)

Table 24.8: Important properties of a plasma betatron-radiation source and their implications.

Laser power 10 TW 100 TW 1 PW
Pulse duration 7 (fs) 12 37 120
Spot size wp (um) 4 10 35
Plasma density n, (cm™3) 5%10" [ 5x 10" | 5x 107
Plasma length (mm) 90 x 1073 3 90
Peak electron energy ym,c> (MeV) 60 600 6x 10°
Beam charge (nC) 0.1 0.4 1
X-ray energy (keV) 0.6 8 110
Source size (um) 1.4 1.8 2.4
Divergence 6 (mrad) 70 7 0.7
Undulator parameter o 7 9 12
Peak X-ray brightness * 2x 10?1 | 3x 105 | 1x10%
Photon number 2x10% | 3x10° | 4x10'°
\»

© University of Strathclyde

Table 24.9: Scalings for betatron radiation from established scaling laws ([427]). The figures for 10
and 100 TW systems agree well with reported measurements.

* Units for peak X-ray brightness are photons/(mm?mrad?s! 0 1%BW).

R. Assmann - EuroNNAc ST Workshop - 21 Sep 2022



PRA ,GA EuPRAXIA Positron Annihilation Spectroscopy

Horizon Europe

* Electron beams from EuPRAXIA (also lower

qguality) can be used to produce positrons
from a beam target.

* Relevant here are lower energy positrons. =
EuPRAXIA: ‘ scattering

* Energy: 0.5-10 MeV
* Intensity per pulse: 10° e*

* Those positrons penetrate deeper =2 new

performance reach material science w

 Detection of nano
01nm 1nm HOnm 100 nm Tpm 10pum 100 pm 1 mm 10 mm
and sub-nano scale Deme_"&
> ting uPRAXIA

defects.

R. Assmann - EuroNNAc ST Workshop - 21 Sep 2022



Co-funded by the
European Union

Advisory & Oversight Boards Collaboration Board

1 representative per Member & Observer
1 Chair and 1 Deputy Chair

Project Coordinator

Resource Review Board + Management Team

Quality Assurance Panel

Central EUuPRAXIA Management

Ethical Advisory Board

Steering Committee

inr

f|

NV
AN

Construction Site
(tbd in 2023)

Excellence Centres

Construction Site Frascati

Local Project Team I

Beam-driven plasma accelerator

Local Project Team

Local Project Teams

' g ; Plasma Laser-Plasma
.Dellv.ers FEL I/ght, X rays, electrop;, posﬁron§ Simulations & ~ Acceleration &
Life sciences, particle physics, medicine, materials Laser-driven plasma accelerator imulations & FEL
Delivers FEL light, X rays, electrons, Theory Developments
positrons
Life sciences, medicine, materials Plasma

Advanced
Application
Beamlines

Acceleration &
High-Rep-Rate
Developments

) lZ

Four candidate sites described in ZI~

conceptual design report

Technology ‘

Incubatorto ™G

Laser Science

INFN-LNF
< Users

Location: metropolitan
area Rome, ltaly

Technical design
tests, prototyping,
production

— EuPRAXIA
usere-neeqs R
infrastructure

Theory &
Simulation | | Technology

Magnets & Transfor-
Other Di i o mative
Beeriie iagnostics | | Applications o

Components Paths

Training, Implemen- ‘
Outreach )
tation &
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) Layout
nation

Technical Design
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PRA 6A The l‘mx’}‘(\u‘. Physical Journal volume 229 - number 24 - December 2020 m
A E ; r I ) | Horizon Europe

SO rry fO r t h e Ve ry fa St rU n @ Recognized by European Physical Society
through.

Special Topics

For more details on our
innovative concepts,
applications and new solutions
please refer to our 2020
Conceptual Design Report.

Can we move our idea
and our dream into
reality?

Can we build this new
European Research
Infrastructure?

eI g : - . 600+ page CDR, 240 scientists
e(J/Psciences @ Springer contributed

R. Assmann - EuroNNAc ST Workshop - 21 Sep 2022



praCn  The Next Level: ESFRI Roadmap Update 2021

e uropean I yey pROECTS FILLING GAPS [
© s | INEUROPEAN RI CAPACITIES ey

F orum on
R esearch s A
| nfrastructures s Rl TSN,

BT Lo
A STRAT
FUTUR

https://roadmap2021.esfri.eu

Roadmap projects selected
after thorough review by ESFRI =
committee and approved by EU wem
governments every few years

2006 — 2008 — 2012 - 2016 -
2018 - 2021

EuPRAXIA facility renderihg picture

R. Assmann - EuroNNAc ST Workshop - 21 Sep 2022


https://roadmap2021.esfri.eu/

PRA /@A ESFRI Projects Roadmap 2021

Horizon Europe

https://roadmap2021.esfri.eu

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 5 years

 EuPRAXIA is the first plasma accelerator facility ever included

PHYSICAL SCIENCES & ENGINEERING

PHYSICAL SCIENCES & ENGINEERING

R. Assmann - EuroNNAc ST Workshop - 21 Sep 2022


https://roadmap2021.esfri.eu/

PRA ,\GA EuPRAXIA-PP (Preparatory Phase) Approved

Horizon Europe

Von: European Commission <EC-NO-REPLY-GRANT-MANAGEMENT@nomail.ec.europa.eu> .
Betreff: For Action - EUPRAXIA - 101079773 - GAP-101079773 - Evaluation results and start of Com plemented by other prOJECtSI
grant preparation

Datum: 12. April 2022 um 16:13:44 MESZ

An: Ralph Assmann <ralph.assmann@Inf.infn.it> EuPRAXIA Doctoral Network (apprOVEd)
(2023 — 2027)

Europa / Funding & Tenders Portal notification

PRACIA

Dear Madam/Sir, Doctoral Network

Congratulations. Your proposal has reached the stage of Grant Agreement
preparation.

To view the evaluation results and the instructions on how to provide additional
information and data required for the preparation of your Grant Agreement, log on to

Laser & Facility N o
the Funding & Tenders Portal > My Proposal(s) ( https://ec.europa.eu/info/funding- Plasma Design Applications Training Outreach

Management Comms &

tenders/opportunities/portal/screen/myarea/proposals) and click on Action > Follow-
up.

2.6 M€ EU funding, 10 MSCA Fellows
Regards, . .
e R Coordinated by U Liverpool (C. Welsch)
. Start date: 1 Jan 2023
Please do not reply to this message
This message has been automatically generated by the Grant Management
Services of the European Commission with the following configuration:
To: . . .
o inator Contact Others coming (miss no opportunity)
Cc:
Account Administrator, LEAR, Participant Contact and Coordinator Contact
Priority:High
You can change your preferences on email alerts in the "Notifications" area of your
Funding & Tenders Portal
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pRA A( 1A EuPRAXIA-PP (Preparatory Phase) Key Facts
“ "\ 14 ' ¥ ek

. Prepares the |mplementat|on of the fuII RIlin Europe. B . RSS2

Horizon Europe

IS AR = h LA e,

e Total project volumel(including/in-kind): 8.3/ M€
& EUfunding: 2.49 M€ (plusiin-kind)
. Additioqgl’?unding Wswitzerland: 0/69 M€
ikl e 0.51 M€
2 orgamzed inf16\\Werk Packages
O t/dates: | lilov 2022= 31 Oct 2026

" Coordinator and location of he?'dquar;q.grs: INFN

e 34 participating organizations from 12 countries

—o-_Establish; amgngst others, “Board of Financial .
g ;Mw--r.' . . Y
Sponsors” with representatives of funding agencies. _ Pt Dol N, N

So'far ~25% of total M&P funding (569 M€) secured. Site 1 financed.
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PRA 1A EuPRAXIA Schedule
A 2021 2023 2028 2031 2062
'Y ' () e ... _< >7
-/ ./ ./ /
2020 2021 2022 2023 2025 2026 2027 2028 2029 2030 2031 2032 2062 2063 2064
e ) ) ) e i e
ESFRI
2021 Roadmap EU - Preparatory phase TDR
application ESFRI Application .
o outcome mplementation Phase =
L , :
o : ) Qpeerational Phase =g
3 : ) _
: 5 : Decommissioning
PRA I\GA EuPRAXIA Master Schedule

ESFRI Application
outcome

SUCCESS — ON TRACK

R. Assmann - EuroNNAc ST Workshop - 21 Sep 2022

European World- P ST TER
Class Rl on compact =] vn

accelerators for the

end of the 2020s to the
beginning of the 2060°s

ase «
P Operational Phase =g
{ | S

Decommissioning

More detail
in Master
Schedule




PRA /\GA EuPRAXIA-PP Consortium |

I I Coordinator @ & SAPIENZA

UNIVERSITA DI ROMA
Istituto Nazionale di Fisica Nucleare | | -
Laboratori Nazionali di Frascati Elettra Sincrotrone Trieste

Horizon Europe

ENEN

Agenzia nazionale per le nuove tecnologie, I'energia
e lo sviluppo economico sostenibile

Consiglio Nazionale

T delle Ricerche

Leibniz
Ferdinand

Braun
Institut

\

~ Fraunhofer

ILT

UNIVERSITAT
Forschungszentrum MUNCHEN

HELMHOLTZ ZENTRUM
DRESDEN ROSSENDORF

alA= IJ JULICH _—
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EuPRAXIA-PP Consortium I B

Horizon Europe

UK Research
and Innovation

?? UNIVERSITY BF |
&/ LIVERPOOL - o

Ul

beamlines

Imperial College

UNIVERSITY OF SIEIJIEEEI;SSITY Straﬁlfd;de London
OXFORD BELFAST Glasgow

THALES
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pRA/\aA EuPRAXIA-PP Consortium lli

Horizon Europe

TECNICO
LISBOA

— A

AL B A

CENTRO DE
L
LSADOS

PECSI TUDOMANYEGYETE
UNIVERSITY OF PECS
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pRA/\dA EuPRAXIA-PP Consortium IV

Horizon Europe

o | cp=lL | @Empa

Materials Science and Technology

I ¢
E—— h
THE HEBREW
UNIVERSITY
[ASA OF JERUSALEM

Complemented by institutes in EUPRAXIA ESFRI consortium: additional 17 institutes from France, Germany, Poland,
Sweden, United Kingdom, China, Japan, United States . Russian institutes presently suspended.
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PRA (A PP Steering Committee: Leaders Behind EuPRAXIA B

: , WP1 - Coordination & Project WP7 - E-Needs and Data Policy WP13 - Diagnostics :
(;oyefrnlngkj' Bc;a:d | Management '+ R. Fonseca, IST A. Cianchi, U Tor Vergata :
e " R.Assmann, INFN & DESY . 1 S. Pioli, INFN R. Ischebeck, EPFL |

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 WP9 - RF, Magnets & Beamline S. Karsch, LMU E
Board : S. Berte”ll, INFN i ! Components :
i WP3 - Organization and Rules ' 1 S. Antipov, DESY WP15 - TDR EuPRAXIA @SPARC-lab !
) ' A. Specka. CNRS . 1+ F. Nguyen, ENEA C. Vaccarezza, INFN !
Technical & | pecka, o R. Pompili, INFN '
Industrial Advisory '+ A. Ghigo, INFN ' 1 WP10 - Plasma Components & - pil, - E
Board | WP4 - Financial & Legal Model. i ! Systems WP16 - TDR EuPRAXIA Site 2 !
' Economic Impact ' ! K. Cassou, CNRS A. Molodozhentsev, ELI-Beamlines !
Board of Financial ' A. Falone, INFN | 1 J. Osterhoff, DESY R. Pattahil, STFC
S ! _ L _— .
ponsors . WP5 - User Strategy and Services | | WP11 - Applications !
' F. Stellato, U Tor Vergata . 1+ G. Sarri, U Belfast |
| E. Principi, ELETTRA .+ E. Chiadroni,U Sapienza |
. WP6 - Membership Extension . 1 WP12 - Laser Technology, Liaison to
i Strategy ' ' Industry |
' B. Cros, CNRS . 1 L. Gizzi, CNR |
. A. Mostacci, U Sapienza ++ P.Crump, FBH :

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

Rl (organization, legal model, financing, users)
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PRA /\(A Headquarter and Site 1: EuPRAXIA@SPARCIab B

* Frascati's future facility

 >130 M£ invest funding

e Beam-driven plasma
accelerator

* Europe’s most compact
and most southern FEL

* The world's most
compact RF accelerator

(X band with CERN)
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It Fits the Frascati Site

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

PRA IA

Directorate building

 Vladimir Shiltsev
viva Eupraxia!

INFN central
administra-
tion

- An: Tor Raubenheimer, Ralph Assmann

with plasma acc.)

PRA (iAo e B8

(European site 1)

15. September 2022 um 12:07

S

Vladimir Shiltsev, Fermilab National Labora»tory,"USZ\}Vlf‘
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PRA A Candidate 2"9 Sites from CDR

Next step: 1.2 GeV / ‘water-window’ compact-FEL
user operation

Prague,

’) )' Research campus
'I Czech
beamlines Republic

~ 110 m of the
shielded experimental area
with possible extension

ES experimental hall

/‘ entra/

\

PRAIA @ EPAC

Rutherford, STFC, UK

'{//_/Je } )’a"

(

* University of
Strathdyde g St /;:ndreWﬂ
QUEEN'S Ve _/ of/
ey S & o Jrk
Lanmstcrm MANCHESTER
University * * PWASC 1524
@ LIV LRPOOL.

b [
ffff

ASTeC

%""g Imperial College
ondon =

CONSTRUCTION SITE FOR
4+ LASER-DRIVEN PLASMA ACCELERATION

oLniILs

o
o
I
o
r
5}
N

JHO¥3OIY 371130 N

vOoI1110 10

v ON]%INC)

IS
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PRA IA

Legal/Political

Selection Criteria 2" EuPRAXIA Site

(from CDR, fulfilled by 15t Site LNF/INFN)

Technical

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 - EuroNNAc ST Workshop - 21 Sep 2022

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



PRA IA

Laser-driven

Beam-driven

Phase1 Y FELbeamlineto 1l GeV I v' FEL beamline to 1

+ userareal

v’ Ultracompact positron

source beamline +
positron user area

Phase 2 || X-ray imaging

L GeV + user area 1
| m B B B B |

v" GeV-class positrons
beamline + positron
user area

v ICS source beamline +

L beamline + user area IZ user area

v’ Table-top test beams
user area

v' FEL user area 2
v FELto 5 GeV

v' HEP detector tests
user area

v' FEL user area 2
v  FELto 5 GeV

Phased Implementation of Construction Sites

INFN (Italy):
Facility for beam-driven
plasma accelerators

RF RF
Injector

——) [aser

) clectrons
=l DOSItrons

—
Accelerator

Plasma
Accelerator

Plasma
Accelerator

FEL user area 1 ]

Undulator Undulator

FEL user area 2 ]

ICS X-ray source

_
user area (BU3)

HEP detector test
user area

Conversion & _>[

conditioning  wefp| GeV-class positron
user area

v’ High-field physics
beamline / user area

v’ Other future
developments

Phase 3

v’ Medical imaging
beamline / user area

v’ Other future
developments

=== Plasma Injector

= Plasma INjector m—)

Facility for laser-driven

Life-science & materials X-
ray imaging user area

plasma accelerators

Plasma
Accelerator

[ Table-top test beam \
— user area )

4 . N\
> Utracompact positron
source user area

Conversion &
conditioning

1: INFN-LNF construction funding 108 M€
2: INFN/CNR/TorVer demo facility 22 M€ (PNRR)

FEL user area 1

= Undulator Undulator (; <

FEL user area 2

Plasma

—)  A\ccelerator

\.

RF Injector
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Conclusion

We consider it a major success that EUPRAXIA was selected for the 2021
update of the ESFRI Roadmap (besides Einstein Telescope the only project
from physical sciences). We think it reflects on quality and readiness of our
work and technology.

EuPRAXIA is the first ever plasma accelerator project with a Conceptual
Design Report.

EuPRAXIA is the first ever plasma accelerator project on the ESFRI roadmap.

Being on the ESFRI roadmap: Just approved EuPRAXIA-PP project will establish
a fully European project, with European shareholders.

Significant funding secured already (160 M€), ca. 25% of full implementation.

We hope to make it an example of European innovation, bringing science to
new applications and new areas. Following inspiration of particle physics
detectors.

Start-up mode for preparatory phase with 1,550 person months ... Two more
countries joined: Spain and Greece. Important: Decision 2" site.



DESIGNING
THE FUTURE

The EuPRAXIA Consortium is
preparing a conceptual design
for the world’s first multi-GeV
plasma-based accelerator with
industrial beam quality and
dedicated user areas.

The project is structured into 14 working groups dealing
with simulations of high gradient laser plasma accelerator
structures, design and optimization of lasers and electron
beams, research into alternative and hybrid techniques,
Free Electron Lasers (FEL), high-energy physics, and
radiation source applications.

EuPRAXIA joins novel acceleration schemes with modern
lasers, the latest correction technologies and large-

scale user areas. The consortium offers unique training
opportunities for researchers in a multidisciplinary field.

Thank You—-

EuPRAXIA brings together a consortium of 16 laboratories
and universities from 5 EU member states. The project,
coordinated by DESY, is funded by the EU’s Horizon

2020 programme. The consortium has been joined by 18
associated partners to make additional in-kind contributions.

The consortium holds open international events to strengthen
collaborations, to connect to interested users from FEL's,
high-energy physics, medicine and industry, and to

assess the development of the project.

Computer simulation
of a laser wakefield

© Dr Jorge Vieira, Instituto
Superior Tecnico, Lisbon

Image of a plasma cell.
© DESY, Heiner Miller-Elsner

Particle accelerators have become powerful and widely
used tools for industry, medicine and science. Today there
are some 30,000 particle accelerators worldwide, all of
them relying on well-established technologies.

The project will bridge the gap
between successful proof-
of-principle experiments and
ground-breaking, ultra-compact

The achievable energy of particles is often limited by pecaaaioly;

practical boundaries on size and cost, for example,
in hospitals and university laboratories, or available funding
for very large scientific instruments at the energy frontier.

With a smaller size and improved
efficiency, plasma-based
Participants in the technologies have the potential to
EuPRAXIA Steering revolutionize the world of particle
Committee Meeting. accelerators multiplying their
Paris, February 2016 applications to medicine, industry
© Sylvaine Pleyre, LLR and fundamental science.

A new type of accelerator that uses plasma wakefields
promises accelerating gradients as much as 1,000 times
higher than conventional accelerators! This would allow
much smaller machines for fundamental and applied
research.

The goal of this project is to produce a conceptual design
for the world's first multi-GeV plasma-based accelerator
that can provide industrial beam quality into dedicated
user areas.
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PRA IA
IESFRH

itogy Report on R¢

ROADMAP 2021

ESFRI Roadmap 2021 Launch

arch Infrastructur

ROADMAP 2021

ropean

lasma Research Accelerator with eXcellence In Applications

European High-Tech Project on Accelerator Innovation

RF Particle Accelerators
> 30,000 operational — many serve for Health
30 million Volt per meter

EuPRAXIA is Europe's Most Recent and Most
Innovative Particle Accelerator Project on ESFRI

n/\n m

Si2021.eu

RF: 90 years of success story for society

Plasma Particle Accelerators
first user facility to be realized

100 billion Volt per meter

PRESENTATION
OF NEW ESF,

Typical RF Based 400 m ST
Accelerator Facility to
5Gev
- m—
60 m
EuPRAXIA Plasma 600+ page CDR,
’ Accelerator Facility to 240 scientists

5Gev contributed

Future

Added valu actneSS and
new RI's due toc u\tra _fast science

institutes,
industry, countries:

High Quality

This project has received funding from
the European Union's Horizon 2020

ESFRI

R. Assmann - EuroNNAc ST Workshop - 21 Sep 2022

European Strategy Forum
on Research Infrastructures

| 7 Dec 2021

research and innovation programme
under grant agreement No 653782

EuPRAXIA - European Plasma Research Accelerator with
Excellence in Applications, a distributed, compact and
innovative accelerator facility based on plasma technology, set
to construct an electron-beam-driven plasma accelerator in the

metropolitan area of Rome, followed by a laser-driven plasma

accelerator in European territory.

https://www.esfri.eu/latest-esfri-news/new-ris-roadmap-2021



PRA/\GA The ESFRI Roadmap

E uropean NEW PROJECTS FILLING GAPS
S trategy IN EUROPEAN RI CAPACITIES

F O r u m O n The new entries in the Roadmap 2021 reinforce important areas of
research in which insufficient capacities exist in Europe. They will
also make essential contributions to fostering research relevant for

R e S e a rC h some of the key EU priorities, such as health, the Green Deal, digital i

I nfra St r u Ct u re S transition or strengthening the EU social pillar. j g¥RAkITEg$ EFSU ﬁ.Nr
https://roadmap2021.esfri.eu FUTURE

ESFRI

D
HE

Why do we care? Projects selected after very thorough review of technical readiness, feasibility, user needs,
strategic impact, alignment with EU’s grand societal goals. ESFRI delegates from governments. Final roadmap

approved by science ministers.
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PRA ,\GA ESFRI Projects Roadmap 2021

https://roadmap2021.esfri.eu

‘;"g P> ESFRI PROJECTS

NAME FULL NAME TYPE LEGAL ROADMAP  OPERATION INVESTMENT  OPERATION
STATUS (Y) ENTRY (Y) START(Y) COST (ME)  COST (ME/Y)
F— EBRAINS European Brain ReseArch INfrastructureS distributed  AISBL. 2019 2021 2026° 3238 198
()
e
SLICES Scientific Large-scale Infrastructure for Computing/ distributed 2021 2024° 1377 65
Communication Experimental Studies
SoBigDatas++ European Integrated Infrastructure for Social distributed 2021 2030° 1305 50
Mining and Big Data Analytics
International Fusion Materials Irradiation Facility - single-sited 2018 2033° 8840 56.0
DEMO Oriented NEutron Source
Marine Renewable Energy Research Infrastructure distributed 2021 2030° 89 09
IE DANUBIUS-RI International Centre for Advanced distributed ERIC Step1 2016 2024° 2025 239
w Studies on River-Sea Systems
3 DiSSCo Distributed System of Scientific Collections distributed 2018 2025° 4203 121
o
EC elLTERRI Integrated European Long-Term Ecosystem. critical zone distributed 2018 2026° 1500 50.0
; and socio-ecological system Research Infrastructure
L
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PRA ,\GA ESFRI Projects Roadmap 2021

https://roadmap2021.esfri.eu

Sl P> ESFRI PROJECTS

NAME FULL NAME TYPE LEGAL ROADMAP  OPERATION  INVESTMENT  OPERATION
STATUS (Y) ENTRY (Y)  START(Y) COST (ME)  COST (ME/Y)
2 EIRENERI Research Infrastructure for EnvIRonmental distributed 2021 2031 2020 422
= Exposure assessmeNt in Europe
tg EMPHASIS European Infrastructure for Multi-scale distributed 2016 2021 160.0 36
- Plant Phenomics and Simulation
}—
Zt' EU-IBISBA European Industrial Biotechnology Innovation distributed 2018 2025° 526 651
% and Synthetic Biology Accelerator
METROFOOD-RI Infrastructure for promoting Metrology in Food and Nutrition distributed 2018 2020 1024 310
Et' % E-RIHS European Research Infrastructure for Heritage Science distributed 2016 2025 540 50
% E EHRI European Holocaust Research Infrastructure distributed 2018 2025° 150 20
g’ § GGP The Generations and Gender Programme distributed 2021 2028° 182 11
UW = GUIDE Growing Up in Digital Europe: EuroCohort distributed 2021 2032° 5806 178
—
= OPERAS OPen scholarly communication in the European distributed  AISBL. 2019 2021 2029° 150 09
8 Research Area for Social Sciences and Humanities
w0
RESILIENCE REligious Studies Infrastructure: tools. Innovation. distributed 2021 2034° 3184 95

Experts. conNections and Centres in Europe
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PRA ,\GA ESFRI Projects Roadmap 2021

https://roadmap2021.esfri.eu

jl > 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 5 years

 EuPRAXIA is the first plasma accelerator facility ever included

PHYSICAL SCIENCES & ENGINEERING

PHYSICAL SC'ENCES 8 ENG'NEER'NG EuPRAXIA surrounded by three telescopes...
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PRA 1A

ESFRI Landmarks Roadmap 2021

(Physical Sciences & Engineering)

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° 3.0090 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
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ESFRI Roadmap 2021

/\( (Physical Sciences & Engineering — Projects Red Triangles)
ESFRI: 17.3 B€ in Physical Sciences & Engineering nccelorator | 0105 B2 e
Cost 3500 ZIIEESS ¢ 730 M€ OP / year
(M€)
3000 Y e
| *6.0BEinvest
2500 S8 197 M€ OP / year
2000 A ® ]
- jﬁ‘;‘;s *0.85 B€ invest
1500 < - (ELI) *80 M€ OP / year
/’/// ’,/
1000
PRA £IA ¢ nzeuatcrf;rs ¢0.19 B€ invest
500 A ',/ (ILL) « 100 M€ OP / year
PR YA YRR — 2
0 @=====r=" _
0 g 10 15 20 25 Magnet lab ¢(0.17 B€ invest
(EMFL) *20 M€ OP / year
Average project duration: 12.4 years Project Duration (Years)
Average project cost: 1.08 B€
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