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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



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



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



Courtesy R. Assmann



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



BELLA, Berkeley Lab, US

7

Laser Driven Plasma Wakefield Acceleration Facility: Today: PW laser! 

Staging demonstrated at 100 MeVs

Multistage coupling of
independent laser-
plasma accelerators

S. Steinke, Nature 530, 190 (2016)
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Electron	spectra,	up	to	6-	8	GeV	

à path to 10 GeV with continued 
improvement of guiding in progress

Laser heater added to capillary

Petawatt laser guiding and electron beam
acceleration to 8 GeV in a laser-heated capillary
discharge waveguide
A.J.Gonsalves et al., Phys.Rev.Lett. 122, 084801 (2019)



Beam Quality Requirements

Future accelerators will require also high quality beams :
==> High Luminosity & High Brightness,
==> High Energy & Low Energy Spread

€ 

L =
Ne+Ne− fr
4πσ xσ y –Small spot size => low emittance

–N of particles per pulse => 109

–High rep. rate fr=> bunch trains

€ 

Bn ≈
2I
εn
2

–Little spread in transverse
momentum and angle => low
emittance

–Short pulse (ps => fs)



Horizon 2020
Worldwide effort towards high quality plasma beams
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EUROPEAN
PLASMA RESEARCH
ACCELERATOR WITH
EXCELLENCE IN
APPLICATIONS

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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SPARC_LAB
SABINA

HEAD QUARTER @LNF

Technical Design 
Report

TEX





Courtesy A. Ghigo - E. Di Pasquale
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SPARC_LAB HB photo- injector

55 m



X-band Linac 

55 m



Plasma WakeField Acceleration

55 m

Capillary discharge at SPARC_LAB



Undulators

40 m

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



Photon beam line

40 m



SPARC_LAB is the test and training facility at
LNF for Advanced Accelerator Developments
(since 2005)



PWFA vacuum chamber at SPARC_LAB 



Horizon 2020
High Quality Beam

M. Migliorati et al, Physical Review Special Topics,Accelerators and Beams 16, 011302 (2013)
K. Floettmann, PRSTAB,6, 034202 (2003) 25

FEL Territory

Compact FEL’s? Lower quality

Higher quality

σγ =
3
2
kp
2σ z

2

σ x,eq =
2
γ

4
εn
kp

Courtesy R. 
Assmann

εn,rms = γ 2 σγ
2σ x

2σ !x
2 +εrms

2( )



Assisted Beam Loading Energy Spread 
Compensation



Thank for your attention


