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The EUropean Plasma Accelerator with eXcellence In Applications (EuPRAXIA)
EuPRAXIA is an ESFRI distributed facility

1. Lean overall EUPRAXIA management e w 7; 2
2. Ten clusters: Collaborations of institutes on PRA/\GA .u'%; ij F

specific problems, developing solutions, | "°ELL;§35 "T '. wp:ﬁﬂfgms
technical designs, driving developments with —

"
EuPRAXIA generated funding = expertise of
Helmholtz centers required - opportunities

3. Five excellence centers at existing facilities: . .\*"‘N
Using pre-investment, support tests, - '",Zﬁ',f,‘,‘ﬁ,‘;#" LYIN E.,:;*‘é?%‘ ATOR
prototyping, production with EUPRAXIA | i 1 Bec eput

generated funding = DESY excellence center

)

. - .- CONSTRUCTION SITE FOR
4. One or two construction sites at existing BEAM-DRIVEN PLASMA ACCELERATION

facilities with EuUPRAXIA generated funding: _ | | T .
i , | LLENCE CENTRE FOR
- Beam-driven at Frascati (Italy). IMULATION

IST, Portugal
« Laser-driven at CLF/STFC (UK), CNR/

INFN (ltaly) or ELI-Beamlines. CONSTRUCTION SITE FOR
+  LASER-DRIVEN PLASMA ACCELERATION

to be determined
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Headquarter and Slte 1 EuPRAXIA@SPARC LAB

Frascati s future facility

> 108 M€ invest funding
Beam-driven plasma accelerator
Europe s most compact and most
southern FEL

The world's most compact RF
accelerator (X band with CERN)
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From the EUPRAXIA CDR

The EuAPS proposal benefits from the preparatory work done in the conceptual design phase of
EuPRAXIA, both for the scientific case and the technology. It focuses on an ambitious but
technically achievable goal and builds on the pre-existing investments at the SPARC_LAB facilities. As
stated in the EUPRAXIA CDR the following EUPRAXIA Flagship Goals will be addressed by the EuAPS
Project:

Flagship Innovation Goal 2: EUPRAXIA will develop together with laser industry a new generation of
high peak power lasers, advancing the presently leading technology into the regime of 20 - 100 Hz
repetition rate [...].

Flagship Science Goal 2: EUPRAXIA will deliver betatron X rays with up to 1010 photons per pulse,
up to 100 Hz repetition rate and an energy of 5-18 keV to users from the medical area. [...].

Flagship Science Goal 7: EUPRAXIA will provide access to cutting edge laser technology with short
pulse length in combination with high energy photon pulses |...].

We expect that the focus on a mature part of the EUPRAXIA project strongly supports project
completion on the timescales that are required by PNRR.

EuPRAXIA Advanced Photon Source, UBA 24, Erevan, 18/06/2024 4
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The EUAPS Advanced Photon Sources

EUuAPS is a distributed facility funded by the Italian government
Three pillars... ... of curse...
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- LNS

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali del Sud
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Intense Laser Irradiation Lab @ CNR-INO Pisa

J-class, 100Hz
(currently used as 10TW Target

CN R—l NO Area)

ILIL
~ 300 TW @ 100 Hz
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Betatron was always a hot topic e o

doi:10.1017/S00223778 15000926

PHYSICAL. REVIEW ACCEI.LFRATORS AND REAMS 20, 012301 (2017 Resonant interaction between laser and

electrons undergoing betatron oscillations in the
Trace-space reconstruction of low-emittance electron beams through bubble regime
betatron radiation in laser-plasma accelerators

A. Curcio,' " M. Anznia. F. Bisesto,"’ E. Chiadronig' A. Cianchi,' M. Ferrario,' F. Filippi,"’ Alessandro Curcio'*f, Danilo Giulietti’, Giuseppe Dattoli‘ and
D. Gialietii," A. Marocchino,' M. Petrarca.” V. Shpakov.' and A. Zigler'© Massimo Ferrario’
APPLIED PHYSICS LETTERS 111, [33105 '2(] | 7:! @ {;""\\Mdrk Nuclear Instruments and Methods in Phyeies Besearch B 302 [2117) 448 492
Single-shot non-intercepting profile monitor of plasma-accelerated electron Contonts lists available at ScionceDirect ’;..-.. |
s . . 3 ’ . ) WITH
beams with nanometric resolution : Nuclear Instruments and Methods in Physics Research B gm

A. Curcio,** M. Anania.’ F. Bisesto," E. Chie«‘:ironi.1 A. Ciar!chi,3 M. Ferrario,’ £ : S
F Filippi,""’ D. Giulietti,* A. Marocchino.” F Mira.” M. Petrarca.” V. Shpakov,1 CELSCVIER journal homepage: www.clsevier.com/locate/nimb AR
and A. Zigler'®

o4

First measurements of betatron radiation at FLAME laser facility @mssm
" apphed A, Curcio ™™, M. Anania”, I, Bisesto ™", E. Chiadroni”, A. Cianchi”, M. Ferrario”, F. Filippi ", D. Giulietti‘,
A sciences A. Marocchino®, F. Mira®, M. Petrarca, V. Shpakov *, A. Zigler **

Avrticle

Performance Study on a Soft X-ray Betatron Radiation Source
Realized in the Self-Injection Regime of Laser-Plasma
Wakefield Acceleration

Alessandro Curcio "*J, Alessandro Cianchi 2**C, Gemma Costa °, Francesco Demurtas 22, Michael Ehret ',
Massimo Ferrario 7, Mario Galletti 2340, Danilo Giulietti ¢, José Antonio Pérez-Hernindez 11
and Giancarlo Gatti’

Andrea R. Rossi EuPRAXIA Advanced Photon Source, UBA 24, Erevan, 18/06/2024
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* High power laser ionize the
gas and create a plasma
bubble

* Electron are self injected In
the bubble

*These charges are
accelerated by Iintense
electric field (>GV/m)

* In the meanwhile electrons
undergo transverse
oscillations (betatron
oscillations)
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Betatron radiation

Betatron radiation is emitted by electrons accelerated
In a plasma due to their wiggling motion

Plasma is a natural continuous focusing channel

There are betatron oscillations in any accelerator, but
their contribution is usually negligible

Bubble

In a plasma stage, there are about tens of
oscillations in a typical accelerating length

Andrea R. Rossi EuPRAXIA Advanced Photon Source, UBA 24, Erevan, 18/06/2024 10
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Betatron radiation emission

First measurements of betatron radiation at FLAME laser facility @0""‘“"

A. Curcio ™", M. Anania“, F. Bisesto ", E. Chiadroni”, A. Cianchi’, M. Ferrario*, F. Filippi “", D, Giulietti",
A Marocchino”, F. Mira”, M. Petrarca”, V, Shpakov *, A Zigler **

Betatron radiati
—

1.0x107 =

8.0x10° -

6.0x10° -

Photons

4.0x10° -

* The radiation has its own characteristics of i
both FELs and synchrotrons

» Large bandwidth as Synchrotrons S
* Short pulse duration like a FEL

Andrea R. Rossi EuPRAXIA Advanced Photon Source, UBA 24, Erevan, 18/06/2024
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Advanced Photon Sources

Expected Parameters @ EuUAPS

Parameter

Electron beam Energy
Plasma Density

Photon Critical Energy
Number of Photons/pulse
Repetition rate

Beam divergence

Andrea R. Rossi

Value

100 - 500

1017- 1010

1-10

106 - 109

unit

MeV

cm-3

keV

Hz

mrad

EuPRAXIA Advanced Photon Source, UBA 24, Erevan, 18/06/2024
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Plasma profile

Simulations: common setup |
—1.13 mm
Laser parameters Simulation performed  ° B
. 452 mm
Minimun Energy 0.25 J with FBPIC d — &7
Maximum Energy 3)J Bl | |
Temporal length 25 fs Al
< \\ Actual plasma
Wave length 800 nm | . ‘ ' profile
Beam Waist * 15 um /’
3._
Min Plasma Density 10" ecm3 l'/
/]
Max Pl Densit 10%° cm3 ,
ax Plasma Density cm /ﬁi,
: /
** FWHM Intensity . y
. T[(Ug ; - - om)
NB. ZR e A — 0.9 mm Laser envelope Density lineout o f nozzle BMS_1for N at 70 bar at different®gtances from nozzle edge.

He+* plus some percent N>* dopant, ionization on

Andrea R. Rossi EuPRAXIA Advanced Photon Source, UBA 24, Erevan, 18/06/2024
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Parameters scan: accelerated charge vs plasma and dopant density 2

0 p) 4 6 8 10 0 2 4 6 8 10
' ' ' - 110.

Ei =900 mlJ Ei=1200 mJ

2

c'/O N2

Andrea R. Rossi EuPRAXIA Advanced Photon Source, UBA 24, Erevan, 18/06/2024 16



) '/"J L_.
dall'Unione europea PR %1‘3 dell’'Universita

- “w

NextGenerationEU -';K/ @ della Ricerca

Finanziato 75 Ministero i

[talladomani E LIPRA "R’( A

PIANO NAZIONALE
DI RIPRESA E RESILIENZA

Advanced Photon sources

Electron spectra: best simulated shots

No=5.0x 1018 cm-3

Ei =600 mJ, 2% N Ei =900 mJ, 2% N E| 1200 mJ 2% Nz
: 7ol _ I — R
15/ !
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> 1 ' > 40 ! ~ 40} \
! QL - Q
= = | = 2N
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Electron spectra: comparison with experimental data
Average Electron Spectrum

Q=(218 = 54) pC
Qsim = 205 pC

+

dN</dE [pC/MeV]
W

2
1 4
50 100 150 200 250 300
E [MeV]
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Focus -1.2 mm Focus -1.2 mm

Laser phases reconstruction done by LASY?

1]. Moulanier et al., J Opt. Soc. B 40 (9), 2450 (2023). 2 https://lasydoc.readthedocs.io/en/latest/
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What’s next: reconstructed laser spot1 (2/2)

Cx In the mode 31l at 5.34e-13 s {Iteration 4C00) Ex inthe mode all al 1.33e-12 5 (iLerabwon 1C0000) lell Ex inthe mode all al 2.13e-12 5 (iLerabwon 16000) lell Ex inthe mode all al 2.94e-12 5 (iLeralon 22000) Ex inthe mode all al 3.47e-12 5 (iLeralon 26000)

35036 e FI06-6 FANe-h : ARNE-6 GONe-F 51056 2405-6 75064 27056 W0 a6 065
zim) zim) zim) zimp

ho in the mode all al 5.34e-13 5 literalion 4000} tho in the mode all at 1.33e-12 5 (iteration 1000D) tho in the mede all at 2.13e-12 5 Literalion 16000) tho in the mede all at 2.94e-12 5 Literalion 22000) tho in the mede all at 3.47e-12 5 Literalion 26000)

e i 00 e £ 7700 & e 500c & 5102 € e e 2 BI0C E 90Ce & 5102 € 92006 026
zimp 21m) riml riml

1|. Moulanier et al., J Opt. Soc. B 40 (9), 2450 (2023).
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Five shot average

What’s next: plasma target optimization ®

° o go - "M" Shape,l y=1 mm ||
scientific reports

= = == "\" shape, y=2 mm

. ‘1 L B NN |ess=as 6 mm flat-top
o F— Based c?n published works., we will - B - o fat-top
OPEN Transverse oscillating bubble try to improve photon yield and
enhanced laser-driven betatron spectral properties by engineered

X-ray radiation generation 0.5

Rafal Rakowski'?, Ping Zhang'?, Kyle Jensen?, Brendan Kettle?!, Tim Kawamoto?,
Sudeep Banerjee?, Colton Fruhling®, Grigory Golovin?, Daniel Haden?, Matthew S. Robinson?,
Donald Umstadter?, B. A. Shadwick® & Matthias Fuchs**

plasma targets.

Photons/0.1%BW/sr/shot

025 ' NeL. 2 e
Scientific Reports|  (2022) 12:10855 | https://doi.org/10.1038/s41598-022-14748-2 nature portfolio
O | | | | |
1019 2 5 10 15 20 25 30
X Distance > S Photon energy [keV]
3.5 = B i ) 600 gy
o 3 nozzle D —Juat > "
= § L\ 450
255 —— > 504 WA ANy
= q?‘ 0 N %’ ” | 300 Sample electron trajectories
n | ; sampie electron trajeciores
2 2 e % pzimc
(b 5 TN | 600
0 15 > = 150 5
® (h) -y % 0- 400
) 1 I I I I 200
—_ —_ —_ = —5(k
-54-3-2-101 2 3 4 5 4Ok 30 t20 19 ! A I :
Distance [mm] pZ— Wp 2 Tmm]
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Possible applications
In order of increasing difficulty

» 1- Static imaging

 2- Static absorption spectroscopy

» 3- Static emission spectroscopy

* 4- Time-resolved pump-probe absorption spectroscopy
* 5- Time-resolved pump-probe emission spectroscopy

* 6- Time resolved imaging (plasma dynamics).

Courtesy F. Stellato

Andrea R. Rossi EuPRAXIA Advanced Photon Source, UBA 24, Erevan, 18/06/2024 23



Finanziato #5535, Ministero : : : i
dall'Unione europea ‘ L ‘f?}i?}’ dell’Universita | 1 [taliadomani PRA.GA

NextGenerationEU &35 e della Ricerca DI RIPRESA E RESILIENZA

vdvanced Photon Sources

The SPARC_LARB facility (by end of 2023)

Betatnos

Andrea R. Rossi EuPRAXIA Advanced Photon Source, UBA 24, Erevan, 18/06/2024 24
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The FLAME laser @SPARC_LAB

‘Q_nﬁ r. ._o.w.n ~ ’ :
- —————— & ! VIOAD O BN e P Y Max energy: 7)

Max energy on target: ~5J

.‘ - Ml TRANSPORT W Min bunch duration: 23 fs
4 CONTROL ROOM H rilena [onakeve) « 4,50 m TO SPARC . Wisralarthc 800 nen

e ottty o) ‘.‘ ——
U 2220.0C

Bandwidth: 60/80 nm

-~

Spot-size @ focus: 10 um

P L L L e e e I

i

Max power: ~300 TW
T 300 TW, <2515, Ti:Sa, 10 Hz laser

1K

Contrast ratio: 101

Arnicle submisted ro: High Power Laser Science and Engineermng, 2024 June 7, 2024

| Overview and recent developments of the FLAME laser
UNDERGROUND | facility at SPARC_LAB

TARGET AEA

M. Galletti'**, F. Stocchi'*, G, Costa®, A. Curcio®, M. Del Giomo*, R. Pompili®, L. Cacciotti*, G. Di Pirro*,
V. Dompe®, L. Verra®, F. Villa*, A. Cianchi®*. M.P. Anania*. A. Ghigo*, A. Zigler*, and M. Ferrario®

Andrea R. Rossi EuPRAXIA Advanced Photon Source, UBA 24, Erevan, 18/06/2024
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Flame building
underground floor

1955 [PRUBE UUCTA 1240)
» CAMIRA 7

~LAMERA B

Flame building ground floor

3000

NLAMIRA ¢

° ° . . \\
S. Lauciani cameia 1 \canERa

AA (140
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SPARC LAB bunker

&

and connection with FLAME
building

S. Lauciani

Andrea R. Rossi EuPRAXIA Advanced Photon Source, UBA 24, Erevan, 18/06/2024 27
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Interaction point and experimental chamber

g [ - Drawings completed
r  All purchasing procedures
: - ¢ completed
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Probe input

* Main issue is the pumping of 20-30 bar
with repetition rate at least 1 Hz

* The focusing parabola has to be at least
at 10-4 mbar

* Prototype system developed and tested

5 1, R Dipole ~
et Lo~ GAP0.5x10em

. Dipole stage .
. “andlanex . .

Imaging system
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Figure 3 - Diagram showing the most important components other than the x-ray Camer and, the saomple holder system (left),
and the siit system (right), with distamces expressed in mm . The numbered components are explained in the text.
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Advanced Photon Sources

1 - Linear stage XY, 25 mm travel range, 25 N load max,
133x35x20 mm size, 0,73 kg weight, stainless steel/aluminium.

2 - Rotary stage, 360° rotation, 0.125 Nm maximum torque, 50 N
max load, +20 mdeg accuracy, 0,7 kg weight, 194x90x70 mm
size, Stainless Stee.

3 - Hexapod, 17 mm travel ra_n%e, 5 kg load capacity,
Repeatability to +0.06 ym, 2.2 kg weight, lower circular base 136
mm, higher circular base 100 mm, height 114 mm, stainless
steel/aluminium

4 - Linear stage (z-direction, perpendicular to the ground), 40
mm travel range, 0,02 mm Spindle pitch, 0,05 ym  resolution,
150 N max load, 0,3 Nm Min. Drive Torque, weight 7.5 kg, size
170%x170x90 mm, aluminium.

Not Numbered - Custom-built sample holder, 200 g weight,
133x23,5x7 mm size (with angular step for bolts), stainless steel.

The X-ray Camera handling devices (hereby called collectively
Camera Block) will be built with the subsequent devices:

5 - Custom Built steel pillar, 280x150x250 mm (higher base
170x170 mm) size, 6 kg weight, stainless steel.

6 - Linear stage (z-direction, same as Sample Block)

7/ - Linear XY stage, 100 mm travel range, 20 ym accurac1y, 1
mm Spindle pitch, 1200 N max load, 0,1 Nm drive torque, T kg
weight, 80x144x35 mm size, aluminium/stainless steel.

Not Numbered - X-ray Camera, ima1g7ing array 2048 x 2048,
15x15 pym pixel size, 2.3 kg weight, 217.6x102.3x7.39 mm size,
aluminium/stainless steel.
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Timeline

* Installation iIn FLAME In progress until 15/2/2025
» Upgrade laser FLAME up to March 2025

» |nstallation in SPARC up to May 2025

» Setup and startup May/July 2025

* Beam to users September/November 2025
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EuAPS organization

M. Ferrario (INFN-LNF) MANAGEMENT & DISSEMINATION Committee
e DRAXIA/EUADS ion A. Falone (LNF)

R. Assmann (DESY & INFN)

Operating Units Board
WP4
INFN @ e Wre HIGH Scientific and Technical
— bk BETATRON REPETITION B
ComighoNaciorale Rcerche ) oard
LASER SOURCE LASER
BEAM LINE BEAM LINE
P. Cirrone T I s
(LNS) (CNR-INO)

Andrea R. Rossi EuPRAXIA Advanced Photon Source, UBA 24, Erevan, 18/06/2024



ﬂ

Finanziato

7%, Ministero : : %
dall'Unione europea 'JL dell’'Universita i [taliladomani =1 PRA IA

PIANO NAZIONALE
DI RIPRESA E RESILIENZA

NextGenerationEU ie_';s;\--/ e della Ricerca
Advanced Photon Sources

Funds application scoring

[ 3.1, Fund for the creation of an integrated system of research and innovation infrastructures
Action 3.1.1 " Creation of new IR or strengthening of existing IR involved in the Horizon

Europe Scientific Excellence objectives and the establishment of networks "

- Finanziato Graduatoria definitiva ESFRI area: PSE - Physical Sciences and Engineering

dall'Unione europea
NextGenerationEU

Position Proposal code App]ic.mt Eligible costs Total Score Reduction %

[-PHOQS 50.000.000,00 € -16.7

LNGS - 20.058.826,53 €

-20.0

IRIS lNF 59.996.968,15 €
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Unirsth &
INFN INFN

Conuglo Mar onale Fxcecte

\ Il Rate Pusenile €1 Foice Mecheure Comgho Nexarade Rcerche bl hatn Baconsie & Fedca Secktire
Losls ) LUsIs LS o0
WOUHK PALBAGE (61" 2 - Beomae Hadiyroa Souce | WONRK FALBAGE W12 - Bl Power Loser Beam Licx] WORS PACKAAGE [61'4 - High uq"m‘hl_.c&,n Lize|
Leown incloded Lo the seqaes S fondiag Conte ncinded in ke soqaew $21 foodiag Lot incleded ba vhe sequrem fa1 fooding
To b kewnd wvlaathe Yo% ocued cende the Taral sequeeend gram Jo b boceed itlas te o be bcurnd ek e Tatal sqeeend gram To s locand wmtes 4 Lo b locand oumnede dn Jovd voqaewved prxn
R e it vorale s Mayyann TS T Py PR ca bt vralaic dyian agy woetyan bepoes ngdr ety Yepoes )
* . . - ) - - . " - - " - - . -

» Raee semn »  Fowedierns A Fioed eina

pessbaact 170006 29 ATE.000 00 8 000 20 fmaan LN L0 o 150000 20 peoseend A 2N0MS0 2000

spmcifcaly lised foe spectboally bred S spwe fiedly banl fiw

o | o

e pooped e pragns | 1 e progoce
PN h Soantie . Saraie

Dot v oo and e raendstae sand Lo traEae £ 3 toey ared

wvdesabigind (LLOLCO L CHOSLD 1AL C 18 tehsadegscal STANZAT ULy WITsRe weebamlagiod AN £ 004 2300 £ 004200

wuipviwed, walinam COALEEIRTIL, WLTwYArC COApERaL sdTway

hoomses sl pscrm lrvmm ad pairnl ‘ lowrvmes avd ol

— . — — — . ——

v Oy Mvews, Tron o Opwn Accwss, Toum o Opwn Acocws, Uraw

Natons Access, Lo DAC L1 Nanvazal Accows, 000 00 (40 Nossrrnl Arcows, a9 am am

FAL pemrsaged FAL priacinal YAl pdacipad

wipves i lerpdernumen trpd et e
4. Cailialiaanen o Lo AL L0 d Uil indrassaemeres | YN E Nf6 | WOI0E 16 do Gl udieaima s a0 190000 19100040

wrd selnied saweren e T s rebwcd wywscren
- Boalowst camin . Infrece comn, - Tadkorat canin,

baalindinrmenalios "5 AN0,00 S022500 GIELE8 20 inchoding rearving 0511 (e w08 15 incheding rerming am 1AL 0 A0

mras oo tambe
L h OJ.OI.CO' rirEies ‘.I(. f'I( "-r" ‘ rm"m ’miu' WAy wo vie i ‘w‘m wrnrtice A0 A0 )
Teral 119 40¢ [0 AME(88 10 QA5 (65 10 Toal R SN L] C TEE P RS C Jord DL dE31 LA dreilann

Andrea R. Rossi

EuPRAXIA Advanced Photon Source,

UBA 24, Erevan, 18/06/2024




[taliadomani

PIANO NAZIONALE
DI RIPRESA E RESILIENZA

Finanziato #53%  Ministero i

dall'Unione europea Y~ dell'Universita

NextGenerationEU _';;\/ e della Ricerca
Advanced Photon Sources

lonization injection vs self-injection
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He+N2
(19%)
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