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LNF	  SciCom	  Recommenda0ons	  
•  The	   commi4ee	   strongly	   recommends	   that	   a	   clear	   organiza0onal	   structure	   be	   put	   in	   place	   to	  

further	   develop	   the	   EuPRAXIA@SPARC_LAB	   project.	   The	   project	   should	   be	   led	   by	   a	   scien0st	  
surrounded	  by	  a	  strong	  engineering	  and	  managerial	  team.	  In	  par0cular	  it	   is	   important	  that	  the	  
project	  be	  fully	  integrated	  in	  the	  laboratory	  organiza0on.	  	  

	  
•  The	  commi4ee	  highlights	  the	   importance	  of	  properly	  sizing	  the	  new	  building	  to	  accommodate	  

user	  areas	  and	  op0ons	  for	  the	  linac/plasma	  and	  undulators	  and	  yet	  unexpected	  needed	  space.	  
	  
•  The	   commi4ee	   no0ces	   that	   the	   length	   of	   the	   plasma	   source	   envisaged	   for	  

EuPRAXIA@SPARC_LAB	  is	  significant	  (~2m)	  and	  encourages	  strong	  effort	  in	  developing	  this	  key	  
element	  of	  the	  project.	  

	  
•  	  The	  commi4ee	  also	  strongly	  advices	   further	  development	  of	   the	  beam	  electron	  op0miza0on,	  

through	  simula0ons	  and	  comparison	  with	  experimental	  results,	  especially	  regarding	  the	  phase-‐
space	  characteriza0on	  of	  the	  witness	  bunch.	  

•  Long	  term	  (24h)	  opera0on	  also	  needs	  to	  be	  demonstrated.	  



•  A	  Project	  Office	  has	  been	  established	  aiming	  to	  bring	  together	  in	  a	  "control	  room"	  some	  of	  the	  key	  
figures	  of	   the	  project	  and	   to	  be	   the	   indispensable	  managerial-‐organiza0onal	   complement	   to	   the	  
ac0vi0es	   of	   the	   EuPRAXIA	   @	   SPARC_LAB	   Collabora0on,	   which	   remains	   responsible	   for	   the	  
technical-‐scien0fic	  choices	  of	  the	  project,	  as	  well	  as	  its	  construc0on,	  installa0on	  and	  achievement	  
of	  scien0fic	  goals.	  

	  	  
•  The	  mandate	  of	  the	  PO	  will	  include:	  
-‐  deliver	  	  the	  	  Organisa0onal	  Breakdown	  Structure	  (OBS)	  of	  the	  EuPRAXIA@SPARC_LAB	  project	  	  
-‐  carry	   out	   all	   the	   steps	   necessary	   for	   the	   construc0on	   of	   the	   building	   intended	   to	   house	  

EuPRAXIA@SPARC_LAB,	  monitor	  the	  project	  and	  its	  execu0on,	  the	  installa0on	  of	  technical	  services	  
and	   the	   performance	   of	   all	   tender	   and	   administra0ve	   procedures,	   including	   the	   0ming	   and	  
financial	  resources;	  

-‐  -‐	   	   carry	  out	   all	   the	  necessary	   steps	   for	   the	  prepara0on	  of	   the	   Technical	  Design	  Report	   for	   each	  	  	  	  	  	  
subsystem	  of	   the	  EuPRAXIA	  @	  SPARC_LAB	  machine,	  monitor	   the	  project,	   also	   in	   rela0on	   to	   the	  
necessary	   R&D	   developments.	   Subsequently,	   coordinate	   their	   construc0on,	   installa0on	   and	  
implementa0on,	  with	  par0cular	  regard	  to	  the	  0ming	  and	  aspects	  rela0ng	  to	  human	  and	  financial	  
resources.	  

Project	  Office	  –	  (LNF	  Steering	  Board)	  
	  LNF	  Director	  -‐	  	  LNF	  Administra0on	  –	  Resp.	  Divisioni	  (R,A,T)	  

Edilizia	  –	  Impian0	  –Sicurezze	  –	  Radio	  Prot.	  -‐	  	  Project	  Leader	  	  &	  Technical	  Team	  
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From the Preliminary Layout 



To the CAD Layout 



Detailed Building Construction Plan
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We are going to reach the EuPraxia goal by 
using the plasma module at Sparc_lab: here  20 
cm-long capillary with two inlets can be ionized: 

•  Minimum voltage (Vb) 12 kV 
•  Plasma current 250 A 
•  Plasma density 3x1017 cm-3 

20 cm long capillary	  

20 cm long 
1 mm  diam 
2 inlets	  

Measured 
area	  

Plasma sources toward EuPraxia project: 40cm-long/1016 cm-3 	  

3kV	  

8kV	  

25kV	  

Ar	   H2	  

12kV	  

40kV (up to 60 cm)	  

3000	  



•  Stability shot-to-shot  around 
5-8% that has to be improved 

 
•  Uniformity inside capillary is 

good because there is no strong 
changing along longitudinal 
dimension 

electrode	  

Stability	  

Uniformity	  

inlet	    

Spectral line at 486.1	  



Spacers	  

No	  Spacers	  

Plasma ramps characterization  	  

Elongations (spacers) can be attached to the ends 
of the capillary (after the electrodes) to control the 
plasma ramps produced during the discharge both 
the positioning and the density of the ramps. 	  

spacer	   capillary	  

Guided  
ramp	  

No guided ramps 

guided ramps 

spacer 



10mm	  
4mm	  

Spacers characterization by mean of density measurements 	  

•  Better uniformity inside capillary  
with spacers 

•  Smooth behaviour of the ramp for 
better matching between plasma 
and beams	  



•  Other	  experiments	  about	  spacers	  to	  op0mize	  the	  density	  and	  the	  stability	  
•  Changing	  of	  the	  plasma	  ramp	  profiles	  by	  using	  different	  diameter/

tapering…	  
	  

•  Transverse	  profile	  

•  Simula0ons	  of	  the	  neutral	  gas	  and	  plasma	  expansion	  

•  Test	  about	  longer	  capillaries	  star0ng	  from	  20	  cm	  in	  order	  to	  reach	  40cm	  
(Eupraxia),	  but:	  

•  20-‐25	  cm	  represents	  a	  limit	  for	  our	  chamber	  and	  for	  3D	  prin0ng	  
(segmenta0on)	  	  	  

•  Segmented	  capillary	  

•  Star0ng	  to	  design	  a	  new	  chamber	  

•  Closing	  widows	  to	  cut	  the	  plasma	  ramps	  and	  so	  redesign	  the	  gas	  injec0on	  system	  
(con0nuously	  flow)	  

Plasma Lab: future planning  
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Beam	  Dynamics	  Group	  
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PWFA vacuum chamber at SPARC_LAB  
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SPARC_LAB is the test and training facility for 
EuPRAXIA@SPARC_LAB 















NEW	  SPARC_LAB	  INJECTOR	  

⇒  All	   components	   of	   the	   new	   injector	   have	   been	   designed	   and	   90%	  
ordered	  

⇒  Deliveries	  of	  components	  expected	  from	  Nov	  2019-‐March	  2019	  

⇒  Assembly	  from	  Jan	  2019-‐March	  2019	  

⇒  Strategy	   for	   the	   installaWon	   to	   be	   decided.	   We	   have	   several	  
possibili0es:	  

⇒  Install	  in	  April	  and	  do	  the	  condi0oning	  
⇒  Install	  in	  a	  parallel	  line	  at	  SPARC_LAB	  for	  the	  condi0oning	  
⇒  Install	  with	  the	  other	  components	  of	  the	  SABINA	  project	  	  
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FLAME activities
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Maintainance	   Installa0on	   Fault	   Experiment	  

Faults	  concerned	  mainly	  temperature	  
instability	  (clean	  room	  and	  whole	  
FLAME	  building)	  and	  trouble	  with	  
laser	  control	  system	  (fixed	  by	  
Amplitude).	  
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FLAME	  ac0vi0es	  in	  May-‐October	  2019	  

1.  New	  experimental	  chamber	  installed	  and	  
vacuum	  tests	  performed.	  

2.  Re-‐installa0on	  of	  op0cal	  setup	  for	  final	  focus	  and	  
beam	  op0miza0on.	  

3.  Several	  beam	  posi0on	  diagnos0cs	  installed	  along	  
the	  laser	  transport	  line.	  
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New	  experimental	  chamber	  installed	  
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Op0cal	  Layout	  for	  final	  focus	  
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FLAME	  ac0vi0es	  in	  May-‐October	  2019	  

•  New	  experimental	  setup	  for	  LWFA	  mounted.	  
•  First	  tests	  with	  He	  gas	  performed	  and	  e-‐	  beams	  
accelerated	  with	  3mm	  gas-‐jet.	  

•  Measured	  maximum	  electron	  energy	  around	  350	  
MeV,	  not	  op0mized	  yet.	  

•  Detec0on	  of	  X-‐Ray	  from	  betatron	  radia0on	  in	  the	  
plasma	  channel:	  coming	  soon.	  
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LWFA	  experimental	  setup	  

Screen	  

Permanent	  	  
dipole	  

CCD-‐X	  

Plasma	  
betatron	  
	  radia0on	  e-‐	  

Probe	   ICT	  

Interferometer	  

Plasma	  channel	  imaging	  

~350	  MeV	  

FLAME	  



Beam	  Dynamics	  Group	  



Beam	  Dynamics	  Group	  
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Program	  for	  the	  next	  6	  months	  

•  Op0mize	  the	  current	  set-‐up	  and	  start	  X-‐Ray	  
measurements.	  

•  Extend	  the	  accelerator	  length	  to	  increase	  beam	  
energy	  by	  using	  longer	  gas-‐jet	  and/or	  other	  gas	  
target	  (capillary,	  gas-‐cell	  etc.).	  

•  Try	  different	  injec0on	  scheme	  to	  improve	  beam	  
quality	  and	  tune	  energy,	  charge	  and	  emi4ed	  
radia0on.	  
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Camera EXIN 

The manufacturing of ExIn 
Interaction Chamber has 
been conclused and passed 
the first vacuum test on 
welds. 

ExIn Interaction Chamber Delivery : 15th 

December, 2019 

F.Cioeta, R. Sorchetti 



GREY ROOM 

•  The Grey Room has been staged in 
order to install the components of the 
ExIn Interaction Zone to test the 
chambers on vacuum limit. 

•  T h e i n j e c t i o n c h a m b e r w a s 
dimensionally characterized 

F.Cioeta, R. Sorchetti 









SABINA  
SOURCE  OF  ADVANCED  BEAM  IMAGING  FOR  NOVEL  APPLICATIONS

Strengthening	  of	  SPARC	  (as	  member	  of	  FELs	  OF	  EUROPE)	  
Goals:	  

•  Technological	  plants	  renewal	  (increase	  of	  the	  up0me)	  
•  Update	  of	  equipment	  (photoinjector,	  beam	  manipula0on,	  diagnos0cs)	  
•  Crea0on	  of	  two	  user	  facili0es:	  THz	  and	  FLAME	  

User	  Facili0es:	  
•  THz:	  spectroscopic	  analysis	  (single	  point	  or	  imaging),	  also	  at	  cryogenic	  T	  
•  FLAME:	  surface	  coa0ng	  tests	  (green,	  infrared),	  vacuum	  tests	  

Budget:	  about	  6.1	  M€	  (4.5M€	  Regional	  funds	  POR-‐FESR,	  1.6M€	  INFN)	  







1.  2020 - PWFA – Acceleration and transport

2.  2021 – LWFA - Beam/Plasma matching studies

3.  2022 – LWFA – Acceleration and Diagnostics

4.  2023 –COMB2FEL - PWFA SASE demonstration 

Next SPARC_LAB Milestones 



Thank for your attention



•  Laser Comb technique
•  S/C RF gun design and fabrication
•  X-band test facility
•  Velocity Bunching
•  fs Synchronization
•  Single shot diagnostics

•  Capillary characterization
•  Laser guiding
•  Active Plasma Lens
•  Plasma Dechirper
•  PWFA acceleration experiments
•  High transformer ratio studies

•  LWFA with external injection
•  Plasma driven FEL test

SPARC_LAB activities related to the EuPRAXIA R&D 


