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Outline

EuPRAXIA@SPARC_LAB

• EuPRAXIA as a Distributed Research 
Infrastructure

• EuPRAXIA@SPARC_LAB as a Pilot 
User Facility

• SPARC_LAB the R&D and training 
Facility



• EuPRAXIA envisions a beam energy of
1 to 5 GeV and a beam quality (single
pulse) equivalent to present RF-based
linacs.





Recent (November 4) message from ESFRI Policy Officer:
“We are glad to inform you that the proposal EuPRAXIA has been considered
eligible and can now be assessed for entering the ESFRI Roadmap 2021.”
Next steps:
• Invitation for the hearing with list of critical questions: February-March 2021
• Hearing: April-May 2021



Horizon 2020
EuPRAXIA Conceptual Layout
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EuPRAXIA lasers will operate 
with high stability at 20 to 100 
Hz, a modest advancement of a 
factor 2 to 10 over the current 
state of the art. In parallel, R&D 
activities will be pursued on the 
development of laser that can 
operate at kHz repetition rates 
and deliver peak-power at 100 
TW or more. 

EuPRAXIA also includes the 
development and construction 
of a compact X-band RF 
accelerator based on technology 
from CERN with up to 100 MV/m 
gradients to realise a beam-
driven plasma accelerator. 



Horizon 2020
Cost Estimate

M. Ferrario for the EuPRAXIA Consortium – September 2020 – Snowmass meeting 7

1) EuPRAXIA is a 569 M€ proposal under EU/ESFRI costing guidelines which is a full cost estimate. This
includes CDR costs (already done), personnel cost, infrastructure cost (buildings), material costs, 
decommissioning costs.

Phase I: 388 M€ comprises the design, full preparation costs, (including laser technology), implementation of all 
excellence centres and the cost of construction at the site at INFN-LNF, Frascati, Italy. Personnel costs of 126 M€
Phase II: 53-181 M€ is the construction cost of the laser-driven EuPRAXIA leg (dependent on site choice) and 
termination costs. Personnel costs of 29 M€
Average Annual Operation Costs (covered by the local host institutes) : 30 M€ (PWFA 11.6 M€, LWFA 11.3 M€ , 
excellence centres 6.3 M€, RI management 0.8 M€)

2) We already have binding commitments for more than 100 M€, mainly through Italy. 

3) Lead country is Italy which will also host the EuPRAXIA headquarters in the National Laboratory at
Frascati. Czech Republic has provided a letter of financial and political support. Portugal, Hungary and 
UK have provided letters of political support .

4) EuPRAXIA has received 20 support letters from industrial companies plus other from large 
representative bodies, including TIARA and LEAPS 

5) Upcoming next will be the ESFRI review. Once we are on the roadmap we will have the preparatory
phase for EuPRAXIA, during which we will finalise the preliminary studies and estimates from our CDR 
and from the ESFRI application. 
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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



E. Chiadroni - 10 December 2020, Italy@EuXFEL Workshop, via 
Zoom

Expected SASE FEL performances 
Energy region between Oxygen and
Carbon K-edge 2.34 nm – 4.4 nm
(530 eV -280 eV)
Water is almost transparent to radiation 
in this range 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



Courtesy A. Falone 10





• EuPRAXIA@SPARC_LAB and Macro-Areas
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Courtesy A. Ghigo - E. Di Pasquale
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SPARC_LAB HB photo- injector

55 m



X-band Linac 

55 m



Parameter Value

Frequency [GHz] 11.9942

RF pulse [µs] 1.5

Kly. power [MW] 50

Average iris radius <a> 3.5

Iris radius a [mm] 4.3-2.7

Average gradient <G> [MV/m] 60

Structure length Ls [m] 0.9

Linac active length Lact [m] 18

Unloaded SLED Q-factor Q0 180000

External SLED Q-factor QE 23100

Shunt impedance R [MΩ/m] 85-117

Effective shunt Imp. Rs [MW/m] 356

Number of modules 5

Structures per module Nm 4

Klystron power per module Pk_m [MW] 43

Peak input power [MW] 74

Input power averaged over the pulse [MW] 48

Total number of structures Ntot 20

Total number of klystrons Nk 5

SLED

MODE CONVERTER

MODE  CONVERTER
CIRCULAR WAVEGUIDE

MODULATOR HALL

LINAC HALL

CPI VKX-8311A



Plasma WakeField Acceleration

55 m

Capillary discharge at SPARC_LAB



Plasma module layout

Vgas (cm3) VimpEXT VimpINT Tpumps VC-band Vchamber Wtime
1 Hz 0.0236 2 x 6mm/15cm 2 x 6mm/10cm 1780 l/s 10-7 mbar 10-8 mbar No limits

10 Hz 0.236 2 x 6mm/15cm 2 x 6mm/10cm 1780 l/s 10-7 mbar 10-8 mbar 1 hour

100Hz 2.36

3 cm-long capillary@ne = 1016 - 1017 cm-3

Vgas (cm3) Vimp Vimp2 Tpumps VX-band VChamber Wtime
1 Hz 0.314 2 x 6mm/15cm 2 x 6mm/10cm 7000 l/s

10 Hz 3.14 2 x 6mm/15cm 2 x 6mm/10cm 7000 l/s

100Hz 31.4

Vacuum X-band

LINAC

FEL

First PMQEnd X-band

300 50 250

Driver
Removing

275
Vacuum inside chamber Vacuum Chicane

Plasma driver removing
Vacuum FEL

50 cm-long capillary@ne = 1016 - 1017 cm-3

25 100

Further Vimp2

Vimp

1. Chamber sizing depends on the vacuum constrains and capillary dimensions
2. Eupraxia chamber sizing starts from the current plasma chamber
3. Minimum length is 215 cm
4. Driver removing chamber properties depend on the technique used to remove the driver (Plasma or chicane)
5. Chamber/capillary factor is 5.5 
6. New solutions will be studied to reduce the chamber/capillary factor by means of vacuum test and simulation

x15

x100 Courtesy R. Pompili , A. Biagioni



Undulators

40 m

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



Photon beam line

40 m



Energy region between Oxygen and
Carbon K-edge 2.34 nm – 4.4 nm
(530 eV -280 eV)
Water is almost transparent to radiation 
in this range 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

Water Window Coherent Imaging

3 nm        2 
nm

Courtesy F. Stellato, UniToV



Open Problems and Required R&D 
for the TDR



TEX Facility

INFN – CERN official partnership on X-band RF development, with the
contribution of the LATINO project funded by Regione Lazio



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) 24

FEL Territory

Compact FEL’s? Lower quality

Higher quality
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High Quality Facility
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Plasma Characterization

Plasma Density measured by observing Stark 
broadening of hydrogen emission lines 







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

FLAME



PWFA vacuum chamber at SPARC_LAB 





Previous Experimetal Results



Assisted Beam Loading Energy Spread 
Compensation







M&F R&D







Conclusions

• A Critical Review of the CDR is ongoing

• The technology readiness level of the main components is high but it requires additional R&D effort
(with particular emphasis to the stability, reproducibility and quality of the accelerated electron
beam) to have a fully proven engineering design of the X-band Linac and Plasma Module.

• The current funding do not include Manpower and the R&D needed for the TDR. Additional funding
must be found.

• Laser Heater/Magnetic Compressor optimization is in progress, including alternative schemes for
Driver and Witness generation. Energy Jitters investigation and mitigation in progress.

• Adjust the optimal energy/wavelength for FEL operation with and without Plasma compatible with
realistic accelerating gradients (X-band 60 MV/m, Plasma 1 GV/m).

• Plasma beam line optimized to remove the driver beam and preserve the the witness beam
parameters .

• FEL Baseline and advanced configurations.

• Extend the Users Scientific Case including lower wavelength.

• Demonstration of the main beam requirements at SPARC_LAB (spread, emittance,
stability)


