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Authorization for building construction received!

V EuPRAXIA@SPARC_LAB Review Committee Meeting, LNF, June 15, 2023

Last Call for minor modifications!



Plasma_Lab Tour

Courtesy A. Biagioni, R. Pompili



Magnets-Lab tour
Two FEL lines: 

1) AQUA: Soft-X ray SASE FEL – Water window optimized for 4 nm (baseline)

SASE FEL: 10 UM Modules, 2 m each – 60 cm intraundulator sections. 
Two technologies under study: Apple-X PMU (baseline) and planar SCU. 
Prototyping in progress 

Modulator

Dispersive section

Seed
Radiators

2) ARIA: VUV seeded HGHG FEL beamline for gas phase

SEEDED FEL – Modulator 3 m + 4 Radiators APPLE II – variable pol.  2.2 m each – SEEDED in the 
range 290 – 430 nm (see former presentation to the committee and  Villa et al.  ARIA—A VUV Beamline 
for EuPRAXIA@SPARC_LAB. Condens. Matter 2022, 7, 11. ) – Undulator based on consolidated technology. 

FERMI FEL-1 Radiator

WA6 Report - L. Giannessi 5



Undulator design and prototyping for AQUA: Apple-X
Defining critical design aspects: 
Minimum vacuum chamber size / vacuum - wake-fields (F. Bosco Un. Roma 3 – F. Nguyen, ENEA)
Magnetic field tolerances from prototype of Apple-X module (M. Opromolla, LNF)

Apple-X undulator for SABINA (ref. L. Sabbatini) is a first prototype for AQUA FEL line

First SABINA undulator in 
FRASCATI March 29, 2023

Magnetic design A. Petralia (ENEA)

Undulator mech. design 
adapted from KYMA- SABINA
by M. Del Franco (LNF)

LNF observer in LEAPS-INNOV: 
setting up magnetic measurement bench (ref. 
L. Sabatini A. Vannozzi) in contact with M. 
Calvi / S. Karabekyan small size  Hall probe 
and Hall probe bench.  
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EuPRAXIA@SPARC_LAB

EuPRAXIA@SPARC_LAB

Technical Design 
Report

TEX

SPARC_LAB
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SPARC_LAB test facility for Advanced Accelerators R&D



PWFA beam line at SPARC_LAB 
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SPARC_LAB activities
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SPARC_LAB activities
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Velocity bunching compression

It simultaneously accelerate and compress the electron bunches, making the photo-injector very compact.

200+20 pC GPT simulation

Velocity bunching

Alternative technique to magnetic compression in chicanes / doglegs.



MACHINE SENSITIVITY STUDIES
u Tolerances studies are essential in the TDR workflow and aim to

actual check the robustness and reliability of the adopted working
point with regards to the RF elements and laser system stability

u The analysis has been performed on a sample of 50 machine runs
generating for each machine a TStep input code coupled with an
Elegant one, whose errors are provided by gaussian distributions with
errors defined on the basis of the SPARC_LAB experience (see the
Table)

u The more critical parameters for an efficient operation of the plasma
module are

o 𝜇𝑚 scale bunch length ↔ witness quality and plasma density
choice

o fs scale precision of the time delay between the bunches ↔
energy jitter

o Witness peak current ↔ energy spread (beam loading)

o Beam Twiss parameters at plasma injection ↔ witness quality
and plasma density choice

Review Committee June’23 - A.Giribono

RF Gun (rms)

RF Voltage [ΔV] ± 0.2 %

RF Phase [Δφ] ± 0.03 deg

S-band Accelerating Sections (rms)

RF Voltage [ΔV] ± 0.2 %

RF Phase [Δφ] ± 0.03 deg

X-band Accelerating Sections (rms)

RF Voltage [ΔV] ± 0.2 %

RF Phase [Δφ] ± 0.1 deg

Cathode Laser System (max)

Charge [ΔQ] ± 2 %

Laser time of arrival 
[Δ𝑡] 

± 100 fs

Laser Spot size [Δσ] ± 1 %



MACHINE SENSITIVITY STUDIES – Data Analysis
u The photoinjector, that operates in the velocity bunching

mode, is the main responsible of the longitudinal beam
compression factor and delay definition

o The velocity bunching mode is very sensitive to linac phase
jitter à the laser time of arrival and the first two
accelerating sections are the main culprits of the jittering of
the beam delay and final rms beam length

u The X-band linac is the main responsible for final beam
Twiss parameters and energy. A ‘second order’ effect lies in
the manipulation of the beam current profile which is
amplified by the coupling of two systems, the photoinjector
and the linac, operating at different RF frequencies

o The X-band linac operates almost on crest à the energy
jitter is negligible with respect to other parameters

o The final focusing system is made of permanent magnetà
final Twiss parameters almost stable

o The X-band linac jitter has higher impact on the definition
of the witness peak current with respect to the
photoinjector one, with the benefit of a reduced deviation
around the mean value Review Committee June’23 - A. Giribono

Jitter analysis in terms of beam delay, witness emittance and peak current at the 
photoinjector (upper) and X-band linac (lower) exit



MACHINE SENSITIVITY STUDIES – Results at Plasma Injection

Review Committee June’23 - A. Giribono

Witness Driver
Without
errors

With errors
Without
errors

With errors

Energy 537.44
537.45 ±

0.30
539.55

539.57 ±
0.33

MeV

Energy 
spread

0.71
0.7102 ±

0.007
0.92 0.92 ± 0.026 ‰

Bunch 
length

5.460 5.927 ± 0.21 61.71 61.81 ± 0.73 µm

Ipeak 1875 1683 ± 125 - - kA
Δt 0.503 0.501 ± 0.012 - - fs
εnx,y 0.55 0.56 ± 0.015 4.18 4.24 ± 0.25 mm mrad
σx,y 1.5 1.52 ± 0.25 5.84 5.95 ± 1.21 µm
βx,y 4.3 4.5 ± 1.4 9.3 9.3 ± 3.7 mm
αx,y 1.2 1.2 ± 0.25 3.34 3.39 ± 0.75

Beam parameters at plasma injection. The mean value and the related standard 
deviation over the 50 samples is reported for each parameter in case of errors. Longitudinal phase space and witness current profile. 

The magenta is related to the refence WP

Ø The analysis shows in the worst-case scenario a
deteriorating of the emittance and of the peak current
of maximum 10% (still in specification)

Ø The most critical parameter is the witness-driver delay
Ø Hints for the future:

Ø Investigate lower RF phase jitter (down to 15 fs)
Ø Heighten faster the beam energy to frozen the

beam shape
Ø X-band cavity right after the RF gun



Strong upgrade of existing labs and implementation of user access to unique laser and laser-plasma configurations

Strengthens the integration of national effort in the field and paves the way to further initiatives



Betatron Radiation Source at SPARC_LAB 
• Supported by PNRR 

funding

• Collaboration among 
INFN, CNR, University of 
Tor Vergata

• Operational facility at 
SPAClab by end of 2025

• EuPRAXIA pre-cursor for 
users

Electron beam Energy [MeV] 50-800

Plasma Density [cm-3] 1017 - 1019

Photon Critical Energy [keV] 1 - 10

Nuber of Photons/pulse 106 – 109



Scientific case
• First experiment identified:

• Imaging of biological sample to find contamination for heavy metals

• Established collaboration with University of Trieste and Calabria for X rays imaging

• CCD X ray camera ordered

People Recruitment

Location Status

INFN-MILANO Hired

CNR Hired

Tor Vergata University Waiting for hiring

INFN-LNF Hire 1st Sep Livio Verra & Claudio Bortolin



Interaction point

• Preliminary design, final expected end of 
June
• Vacuum test ongoing
• Space occupancy inside the interaction 

chamber defined



Thank for your attention


