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Main Challenges:
➤ Plasma Acceleration stage

➤ 1 GeV full RF X-band Linac

Beam Driven Pillar
➤ 1GeV full RF X-band Linac
➤ Plasma Acceleration Stage
➤ Ondulator Line
➤ + Brand New Building

TeX facility
SPARC_LAB
facility

Full Upgrade supported by Regione 
Lazio through SABINA project

• Plasma acceleration stage
• RF Gun Prototype
• Diagnostics prototyping
• Synchronization

SPARC_LAB
TEX- Test Stand X-band

Supported by Regione Lazio 
through LATINO project

• X-band HP RF Technology
• X-band HP waveguide

components & pulse
compressor

• X-band structures
conditioning
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Laser & THz clean rooms
experimental halls

Photon user experimental hall 

Accelerator tunnel

Undulators tunnel

Klystron&modulators
Power supplies gallery

Plant gallery
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EuPRAXIA@SPARC_LAB


RF power modules

1 GeV LINAC

Beam user areas

FEL user area
@4-3nm

Undulators

Plasma module

0.5 PW Laser

Secondary
Sources
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6. FEL 
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Working Areas
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Management & 
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1. Accelerator Physics 
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A.Mostacci (Univ. La Sapienza)

3. FEL Physics 

V.Petrillo (INFN-MI)

2. Plasma Physics 

A.R.Rossi  (INFN-MI)

4. Photon & User Beamlines 

F.Villa

5. Secondary part. sources 

T.B.D.

6. Plasma module 

A.Biagioni

7. Sparc_Lab TF 

R.Pompili

8. RF Gun & Accelerating 
structures  

L.Piersanti

9. Computing 

P.Santangelo 

10. Vacuum 

A.Liedl 

11. Lasers & Cathodes 

M.Anania

12. High Power RF & 
distribution 

F.Cardelli

13. Beam Diagnostics 

A.Cianchi (Univ. Torvergata)

15. LLRF & Synchro 

M.Bellaveglia

16. Control system & 
Interlocks 

A.Stecchi

17. Magnets & PS 

L.Sabbatini

18. Undulators 

A.Petralia (ENEA)

19. Mech.Engineering 

L.Pellegrino

20. Electrical Installations 

R.Ricci

21. Cooling & Ventilation 

S.Cantarella

22. Civil engineering 

S.Incremona

23. Radioprotection 

A.Esposito

24. Conventional Safety 

S.Vescovi

14. Beam Instrumentation & 
electronics 

A.Stella

4. Integration 
B.Buonomo

9. Infrastructures 
U.Rotundo

7. High Power 
Laser 
TBD

Scientific Manager 

M.Ferrario

Project Management 
Support Office 
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Scientific Manager 

M.Ferrario

Project Management 
Support Office 

EuPRAXIA TDR effort 
(clusters, WP’s)

EuPRAXIA HQ Office 
(coordinator R. Assmann + 
support persons)

EuPRAXIA PP Project
Legal model, access, 
users, financial model of 
full 570 M€ project

EuPRAXIA Collaboration 
Board (chair M. Ferrario)

Scientific & Technical Advisory Committee

Open Innovation Forum

User Meetings & Program Committee

EU Projects for TDR, 
construction sites, R&D
Prototypes, construction

EuPRAXIAEuPRAXIA@SPARClab
Construction Project (funding Italy)

Steering Committee (RA)

ESFRI Consortium

Project 
Collaboration 

Board

Courtesy of R. Assmann
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Timeline
2021 20232022 20252024 2026 2027

EuPRA
XIA

@
SPA

RC_LA
B 

Building
EuPRA

XIA
 -EU

🇪🇺

TDR Released

EuPRAXIA@SPARC_LAB Design Phase

Preliminary layout
Intermediate layout

Final layout & beam 
parameters X-Band technology 

validated

User case defined

TDR Approved

Plasma technology validated

Final design FEL

Building design & construction

Building ready

Implementation
Tender

Utilities executive design

Acceptance

Final design Permitting Request
Exec. Design

Validation
TenderTender for Validation

Building Construction

Eupraxia-EU TDR

Outcome ESFRI 
application

Application
to prep.phase

Preparatory phase

EuPRAXIA@SPARC_LAB Implementation Phase
Planning

Procurement
Implementation 

EuPRA
XIA

@
SPA

RC_LA
B 

M
achine design
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WG15
D15.1

WG15
D15.2

WG15
D15.3
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• WoP1 : PWFA
The 500 MeV Witness+Driver scheme is adopted with a 

lattice able to drive the two bunches at the plasma 
entrance with the required characteristics

• WoP2 : Full X-band 
The 1 GeV energy is achieved by means of 16 X-band 

RF sections the beam is compressed with a Hybryd
scheme: VB + Mag. chicane
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Parameter Unit PWFA Full
X-band

Radiation
Wavelength

nm 3-4 4

Photon per Pulse ×10!" 0.1-0.2 1

Photon Bandwith % 0.1 0.2

Undulator Length m 30

𝜌(1D/3D) ×10#$ 1 2

Photon Brilliance
per shot

𝑠 𝑚𝑚"𝑚𝑟𝑎𝑑"
𝑏𝑤 0.1%

10"%

EuPRAXIA@SPARC_LAB Parameter List

• FEL parameters • Electron Beam Parameters
Parameter Unit PWFA Full

X-band
Electron Energy GeV 1-1.2 1

Bunch Charge pC 30-50 200

Peak Current kA 1-2 1-2

RMS Energy Spread % 0.1 0.1

RMS Bunch Length 𝜇m 6-3 24-20

RMS norm. Emittance 𝜇m 1 1

Slice Energy Spread % ≤5E-04 ≤5E-04

Slice norm Emittance mm-mrad 0.5 0.5
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SPARC_LAB in more detail

The Photoinjector
The SPARC_LAB photoinjector is
based on a 1.6 cell S-band RF
gun which operates at ∼120 MV/m
peak on cathode. At the gun exit a
solenoid is located for the emittance
compensation and downstram two 3 m
long S-band accelerating structures
plus a 1.5 m C-band, are located
providing a total energy of ∼200 MeV
on crest.

The Undulator
The Undulator consists of six permanent magnet modules made
by 77periods with λu=2.8 cm. Each module allows a variable
gap in the range from 25 to 8.4 mm in order to achieve an
undulator strength parameter variation up to Ku=2.2 at the
minimum gap. The intersections between the undulator modules
host quadrupoles and diagnostic stations for electron beam and
radiation. More recently a novel type of short period
undulator with λu=1.4 cm and Ku=1, has been installed and tested.
This undulator acts as an afterburner to have emission of radiation
tuned at harmonics of the main resonance wavelength of the
other modules.

The SPARC_LAB photocathode laser system is
based on a Titanium-Sapphire laser at 800 nm,
the laser system is synchronized with the RF
system with a compressed pulse energy of
about 50 mJ. We split the laser pulses from the
oscillator to two CPA systems, one used for the
photocathode and one for FEL
seeding and diagnostics
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http://sparclab.lnf.infn.it/sparc_lab-home/sparc-linac/photoinjector/photocathode/
https://www.rp-photonics.com/titanium_sapphire_lasers.html?s=ak
http://sparclab.lnf.infn.it/sparc_lab-home/sparc-linac/photoinjector/synchronization-and-rf/
http://sparclab.lnf.infn.it/sparc_lab-home/sparc-linac/fel/seeding-experiments/seeding-laser/
http://sparclab.lnf.infn.it/sparc_lab-hohttp:/sparclab.lnf.infn.it/sparc_lab-home/sparc-linac/photoinjector/electron-diagnostics/electro-optical-sampling-diagnostics/


Funded by the 
European Union

9

SPARC_LAB results
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Energy spread reduction in the beam driven PWFA experiment 

First EuPRAXIA plasma source to reach 1.1 GeV (1.5 GV/m) - 40 cm long

First plasma-driven Seeded FEL

Nov 2022:
1.2 GV/m
in a 3cm
capillary

50+500 pC

2020

2022



1. e.m. design: linear tapering of the irises,
race track coupler to cancel the quadrupole
field components (PhD M. Diomede);

2. 0.9 m long structures with 3.5 mm average
iris radius

3. 60 MV/m average accelerating field

4. Final full scale structure prototype (March
2023).

Courtesy M. Diomede

X BAND STRUCTURES: PARAMETERS
Parameter Value
Frequency [GHz] 11.9942
Average acc. gradient [MV/m] 60
Structures per module 4
Iris radius a (linear tapering) [mm] <a>=3.5 3.8-3.2
Tapering angle [deg] 0.04
Structure length Ls [m] 0.9
No. of cells 109
Shunt impedance R [MΩ/m] 94-107
Peak input power per structure [MW] 65
Input power averaged over the pulse [MW] 45
Average dissipated power [kW] 1
Filling time [ns] 126
Effective shunt Imp. Rs [MW/m] 350
Peak Modified Poynting Vector [W/µm2] 3.5
Unloaded SLED/BOC Q-factor Q0 150000
External SLED/BOC Q-factor QE 21000
Required Kly power per module [MW] 37/19 
RF pulse [µs] 1.5
Klystron power (available) [MW] 50/25
Rep. Rate [Hz] 100

Profile of the
accelerating
field along the
structure

G=average accelerating gradient
L=structure length
Pkly=klystron power (pre-sled pulse)kly

s P
LGR
2

=
10
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TEX facility
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