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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	  
Conceptual	  Layout	  

3	  

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	  acIviIes	  will	  
be	  pursued	  on	  the	  development	  of	  
laser	  that	  can	  operate	  at	  kHz	  
repeIIon	  rates	  and	  deliver	  peak-‐
power	  at	  100	  TW	  or	  more.	  	  
	  
EuPRAXIA	  also	  includes	  the	  
development	  and	  construcIon	  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.	  	  
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Horizon	  2020	  
The	  EuPRAXIA	  ConstrucIon	  Site	  at	  FrascaI	  

M.	  Ferrario	  for	  the	  EuPRAXIA	  ConsorIum	   5	  



Courtesy A. Falone





Courtesy A. Falone

Critical review of 
the CDR started

Management Activities



No R&D and 
Manpower 
included



WA 1 – Beam Physics



Courtesy C. Vaccarezza



A conservative value for the accelerating field in the accelerating sections 
is identified as  Eacc=60 MV/m, corresponding to a 10% reduction of the RF 
power coming from the Klystron, i.e. 53.9 MV integrated for each X-band 
section, L=0.89856 m . With these premises and the old layout the 
maximum achievable energy at the Linac 2 end, turns out to be lower than 
1 GeV, Emax = 0 .95 GeV


Courtesy C. Vaccarezza



Courtesy A. Ghigo - E. Di Pasquale



WA 2 - Injector



SPARC_LAB	  HB	  photo-‐	  injector	  

55	  m	  



enrica.chiadroni@lnf.infn.it

Work in Progress!
²  Need for a CAD 3D layout including all the elements and the laser transport beamline 

²  Evaluate the feasibility of a load lock system from the beginning, even for copper cathodes (PSI 
model) 

²  Two main working points should be identified, in particular:  

²  Without plasma (Full RF) 
²  With plasma (and with a comb-like beam)  
To evaluate:

²  The compatibility of the diagnostics (since they may have very different beam parameters) 

²  The maximum available charge 

²  The laser heater studies 

²  Sensitivity studies on the effect of the RF phase jitter



WA 3 - Linac



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]	   65-‐>60	  

Structure	  length	  Ls	  [m]	  	   0.9	  

Linac	  acIve	  length	  Lact	  [m]	  	   18	  

Unloaded	  SLED	  Q-‐factor	  Q0	   180000	  

External	  SLED	  Q-‐factor	  QE	   23100	  

Shunt	  impedance	  R	  [MΩ/m]	   85-‐117	  

EffecIve	  shunt	  Imp.	  Rs	  [MΩ/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	  

Courtesy M. Diomede



Courtesy D. Alesini



Courtesy D. Alesini



The	  Frasca6	  X-‐box	  

The	   LATINO	   high-‐power	   RF	   Lab	   is	   based	   on	   the	  
INFN	   X-‐box,	   a	   test	   stand	   under	   construcIon	   to	  
test	  X-‐band	  high	  gradient	  RF	  structure	  similar	  to	  
the	   3	   X-‐boxes	   installed	   at	   CERN.	   The	   CERN	  CLIC	  
RF	   group	   is	   supporIng	   this	   program	   through	   a	  
dedicated	  addendum	  to	  the	  general	   	  CERN-‐INFN	  
MoU.	  

Building	  #7	  

SPARC_LAB	  

4.0	  m	  

5	  m
	  

22	  



Courtesy E. Di Pasquale

X-BOX@LNF





WA 5 - Plasma



Plasma	  WakeField	  AcceleraIon	  

55	  m	  

Capillary	  discharge	  at	  SPARC_LAB	  



Plasma module layout	  

Vgas	  (cm3)	   VimpEXT	   	  VimpINT	   Tpumps	   VC-‐band	   Vchamber	   WCme	  
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	   WCme	  
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	  PMQ	  End	  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



WA 6 - FEL



Undulators	  

40	  m	  

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



ΔE
E

≈ ρ



WA 6

Courtesy L. Giannessi



WA 6

Courtesy L. Giannessi



WA 6

Courtesy L. Giannessi



WA 8 - Users



Photon	  beam	  line	  

40	  m	  



WA 8

Courtesy F. Stellato



WA 8

Courtesy F. Stellato



WA 9 - Infrastructures
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EuPRAXIA@SPARC_LAB	  	  building	  _	  render	  

Courtesy S. Incremona – U. rotundo
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EuPRAXIA@SPARC_LAB	  building	  _	  render	  

Courtesy S. Incremona – U. rotundo
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EUPRAXIA@SPARC_Lab	  –	  WA9	  Infrastructures	  
Final	  and	  execuIve	  design	  awarded	  to	  MYTHOS.	  

	  Kick	  off	  Feb	  2020	  
	  Then	  stop	  due	  to	  COVID	  restricIons	  
	  Actual	  start	  of	  the	  project:	  17.06.2020	  

	  
DefiniIve	  design	  is	  currently	  in	  progress.	  	  
	  
Main	  milestones	  reached	  so	  far:	  
•  Space	  management	  and	  allocaIon	  of	  the	  volumes	  
•  Primary	  uIliIes	  requirements	  
•  RadioprotecIon	  requirements	  
•  First	  interacIon	  with	  local	  authoriIes	  (VV.FF.	  –	  F.D.)	  to	  determine	  main	  constraints	  from	  

convenIonal	  safety	  point	  of	  view. 	  	  

The	  mutual	  interacIon	  between	  building	  engineering	  decision	  and	  machine	  development	  	  is	  
the	  most	  criIcal	  factor	  that	  has	  been	  addressed	  through	  dedicated	  meeIng	  (weekly	  based).	  	  
Design	  effort	  for	  flexibility	  in	  order	  to	  accommodate	  further	  upgrading	  of	  the	  machine.	  
	  

A	  final	  review	  of	  the	  building	  design	  is	  expected	  to	  be	  in	  January	  2021.	  

Courtesy S. Incremona – U. Rotundo



WA 9

Courtesy A. Esposito

Beam Dumps



WA 9

Courtesy A. Esposito



WA 9

Courtesy A. Esposito



Conclusions	  

•  A	  Cri6cal	  Review	  of	  the	  CDR	  is	  ongoing	  

•  A	  detailed	  schedule	  and	  cost	  es6mate	  towards	  the	  compleIon	  of	  the	  TDR	  is	  in	  progress.	  

•  The	   technology	   readiness	   level	   of	   the	  main	   components	   is	   high	   but	   it	   requires	  addi6onal	   R&D	  effort	   (with	  
parIcular	  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.	  AddiIonal	  funding	  must	  be	  
found.	  

•  Laser	  Heater/MagneIc	  Compressor	  opImizaIon	   is	   in	  progress,	   including	  alternaIve	  schemes	   for	  Driver	  and	  
Witness	  generaIon.	  Energy	  Ji_ers	  inves6ga6on	  and	  mi6ga6on	  in	  progress.	  

•  Adjust	  the	  op6mal	  energy/wavelength	  for	  FEL	  opera6on	  with	  and	  without	  Plasma	  compaIble	  with	  realis6c	  
accelera6ng	  gradients	  (X-‐band	  60	  MV/m,	  Plasma	  1	  GV/m).	  

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

•  FEL	  Baseline	  and	  advanced	  configuraIons.	  

•  Extend	  the	  Users	  ScienIfic	  Case	  including	  lower	  wavelength.	  

•  DemonstraIon	  of	  the	  main	  beam	  requirements	  at	  SPARC_LAB	  (spread,	  emi_ance,	  stability)	  


