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RF power modules

1 GeV LINAC

Beam user areas

FEL user area @3nm

Undulators

Plasma module

0.5 PW Laser

Secondary
Sources

http://www.lnf.infn.it/sis/preprint/pdf/getfile.php?filename=INFN-18-03-LNF.pdf



FEL is a well established technology
(But a widespread use of FEL is partially limited by size and costs)



Principle of plasma acceleration

Laser Wakefield Accelerator 
(LWFA): 

Drive beam = laser beam

Plasma WakeField
Accelerator (PWFA):

Drive beam = high energy 
electron or proton beam

no= 1016 cm−3   ⇒  λp= 300  µm← →%%%%%%%% ω p =
noe

2

εome



PWFA vacuum chamber at SPARC_LAB 
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Energy Spread Compensation at SPARC_LAB

Energy spread minimization in a beam-driven plasma wakefield accelerator R Pompili et al., Nature Physics 17 (4), 499-503 (2021)

https://scholar.google.com/citations?view_op=view_citation&hl=it&user=_4_treQAAAAJ&sortby=pubdate&citft=1&email_for_op=massimo.ferrario%40lnf.infn.it&citation_for_view=_4_treQAAAAJ:t6usbXjVLHcC
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First Beam Driven SASE-FEL Lasing at SPARC_LAB
(May 2021)
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First Beam Driven SEEDED - FEL Lasing at SPARC_LAB
(June 2021)
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First Beam Driven SEEDED - FEL Lasing at SPARC_LAB
(June 2021)



First Lasing with LWFA at SIOM



EUROPEAN
PLASMA RESEARCH
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This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 653782.

http://eupraxia-project.eu

EuPRAXIA Design Study started on Novemebr 2015
Approved as HORIZON 2020 INFRADEV, 4 years, 3 M€

Coordinator: Ralph Assmann (DESY)
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Courtesy A. Falone



Courtesy A. Ghigo - E. Di Pasquale
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EuPRAXIA@SPARC_LAB
Baseline Layout



SPARC_LAB HB photo- injector

55 m
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X-band Linac 

55 m



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

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
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X-BAND STRUCTURE PROTOTYPING ACTIVITIES: REALIZATIONS
Realization Assembly

Characterization CMC

Brazing
Vacuum test Characterization CMC

<+/-5 µm alignment 
(before/after brazing) 

Realizations in
parallel to all LNF
activities…



Courtesy S. Pioli



Plasma WakeField Acceleration

55 m

Capillary discharge at SPARC_LAB





Undulators

40 m

KYMA Δ udulator at SPARC_LAB:  λ=1.4 cm, K1 



Undulator technology
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Superconducting Undulator

Responsible C. Boffo (FNAL)

Agreement with FNAL signed 1y ago 
Development plan 4 ys – 2024 
prototype in Frascati

Costs for the entire undulator in 
excess of the baseline for the project

Permanent Magnet Undulator

Respons. A. Petralia (ENEA)

Apple X - Variable gap, variable polarization
New poles design,  scaled from SABINA (LNF- THz FEL) undulator 

Period increased to 18 mm to increase tuning range.

Unconventional undulator design: prototyping required 

Observers in the LEAPS – INNOV: several labs investing in this kind of 
devices. 

Alternative: sacrifice the tuning range - fixed gap PMU – less expensive, 
but poor flexibility



Photon beam line

40 m



In the Energy region between Oxygen and
Carbon K-edge 2.34 nm – 4.4 nm (530 eV -280
eV) water is almost transparent to radiation
while nitrogen and carbon are absorbing (and
scattering)

Coherent Imaging of biological samples
protein clusters, VIRUSES and cells 

living in their native state 
Possibility to study dynamics
~10 11 photons/pulse needed

Expected SASE FEL performances







Thank for your attention


