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EuPRAXIA	
  SciCom	
  Recommenda3ons	
  
•  The	
  opera3on	
  and	
  personnel	
  aspects	
  of	
  the	
  EuPRAXIA@SPARC_LAB	
  proposal	
  should	
  be	
  further	
  developed.	
  

These	
  are	
  key	
  aspects	
  for	
  the	
  opera3on	
  of	
  the	
  facility	
  
	
  
•  For	
   the	
   longer	
   term,	
   consider	
   opera3on	
  with	
   two	
   separate	
   electron	
   injectors	
   for	
   beam	
   driver	
   and	
   beam	
  

witness.	
   This	
   is	
   necessary	
   for	
   demonstra3ng	
   the	
   HEP	
   applica3on	
   of	
   a	
   mul3-­‐staged,	
   high	
   energy	
   plasma-­‐
based	
  accelerator	
  where	
  driver	
   and	
  witness	
  beams	
  have	
   independent	
   features.	
   It	
   also	
   allows	
  much	
  more	
  
flexibility.	
  The	
  required	
  space	
  should	
  be	
  reserved	
  in	
  the	
  EuPRAXIA@SPARC_LAB	
  layout	
  from	
  the	
  start.	
  

•  The	
   European	
   aspects	
   of	
   EuPRAXIA@SPARC_LAB	
   should	
   be	
   developed,	
   including	
   a	
   clear	
   view	
   on	
  moving	
  
from	
  a	
  na3onal	
  facility	
  to	
  a	
  European	
  facility.	
  The	
  possibility	
  to	
  define	
  the	
  facility	
  from	
  the	
  start	
  as	
  a	
  trans-­‐
na3onal	
  access	
  facility,	
  for	
  example	
  in	
  the	
  context	
  of	
  the	
  ARIES	
  European	
  framework,	
  should	
  be	
  considered.	
  

•  The	
  major	
   strategic	
  building	
  blocks	
  of	
   the	
  EuPRAXIA@SPARC_LAB	
  project	
   should	
  be	
  defined	
  more	
  clearly,	
  
including	
   for	
   example	
   an	
   INFN	
   component	
   (a	
   1GeV,	
   x-­‐band	
   based	
   FEL)	
   and	
   a	
   broader,	
   more	
   ambi3ous	
  
component	
  (e.g.	
  a	
  5GeV,	
  plasma-­‐based	
  FEL	
  requiring	
  broad	
  European	
  support	
  and	
  funding).	
  

•  Since	
  the	
  outlook	
  for	
  the	
  plasma-­‐based	
  FEL	
  of	
  the	
  EuPRAXIA@SPARC_LAB	
  project	
  largely	
  relies	
  on	
  start-­‐to-­‐
end	
   simula3on	
   results,	
   it	
   is	
   recommended	
   that	
   (in	
   par3cular)	
   plasma	
   simula3on	
   results	
   be	
   benchmarked	
  
with	
  different	
  simula3on	
  codes	
  and,	
  whenever	
  possible,	
  against	
  experimental	
  results.	
  



•  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-­‐organiza3onal	
   complement	
   to	
   the	
   ac3vi3es	
   of	
   the	
  
EuPRAXIA	
  @	
  SPARC_LAB	
  Collabora3on,	
  which	
  remains	
  responsible	
  for	
  the	
  technical-­‐scien3fic	
  choices	
  of	
  the	
  
project,	
  as	
  well	
  as	
  its	
  construc3on,	
  installa3on,	
  installa3on	
  and	
  achievement	
  of	
  scien3fic	
  goals.	
  

	
  	
  
•  The	
  mandate	
  of	
  the	
  PO	
  will	
  include:	
  

	
  -­‐	
  deliver	
  	
  the	
  	
  Organisa3onal	
  Breakdown	
  Structure	
  (OBS)	
  of	
  the	
  EuPRAXIA@SPARC_LAB	
  project	
  	
  
	
  -­‐	
  carry	
  out	
  all	
  the	
  steps	
  necessary	
  for	
  the	
  construc3on	
  of	
  the	
  building	
  intended	
  to	
  house	
  EuPRAXIA	
  @	
  

SPARC_LAB,	
  monitor	
  the	
  project	
  and	
  its	
  execu3on,	
  the	
  installa3on	
  of	
  technical	
  services	
  and	
  the	
  performance	
  of	
  
all	
  tender	
  and	
  administra3ve	
  procedures,	
  including	
  the	
  3ming	
  and	
  financial	
  resources;	
  

	
   -­‐	
   carry	
   out	
   all	
   the	
   necessary	
   steps	
   for	
   the	
   prepara3on	
   of	
   the	
   Technical	
   Design	
   Report	
   for	
   each	
  
subsystem	
  of	
  the	
  EuPRAXIA	
  @	
  SPARC_LAB	
  machine,	
  monitor	
  the	
  project,	
  also	
  in	
  rela3on	
  to	
  the	
  necessary	
  R&D	
  
developments.	
   Subsequently,	
   coordinate	
   their	
   construc3on,	
   installa3on	
   and	
   implementa3on,	
   with	
   par3cular	
  
regard	
  to	
  the	
  3ming	
  and	
  aspects	
  rela3ng	
  to	
  human	
  and	
  financial	
  resources.	
  

Project	
  Office	
  –	
  (LNF	
  Steering	
  Board)	
  
	
  LNF	
  Director	
  -­‐	
  	
  LNF	
  Administra3on	
  –	
  Resp.	
  Divisioni	
  (R,A,T)	
  

Edilizia	
  –	
  Impian3	
  –Sicurezze	
  –	
  Radio	
  Prot.	
  -­‐	
  	
  Project	
  Leader	
  	
  &	
  Technical	
  Team	
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This	
  project	
  has	
  received	
  funding	
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  Union’s	
  Horizon	
  2020	
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  programme	
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  grant	
  agreement	
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Retreat	
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  27,	
  2019,	
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•  A more detailed Machine Layout is in progress and it will 
allow a more precise definition of the available room for the 
“European beam lines”
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http://www.lnf.infn.it/sis/preprint/pdf/getfile.php?filename=INFN-18-03-LNF.pdf

CDR Review Committee Meeting 

June. 20-21


•  D. Angal-Kalinin (STFC)

 

•  P. Muggli (MPI) – Chair



•  M. Pedrozzi (PSI)



•   L. Scibile (CERN) 



•  S. Schreiber (DESY) 




SPARC_LAB is the test and training facility for 
EuPRAXIA@SPARC_LAB 



SPARC_LAB	
  SciCom	
  Recommenda3ons	
  
•  The	
  priori3es	
  of	
  beam-­‐driven	
  versus	
  laser-­‐driven	
  plasma	
  accelera3on	
  experiments	
  at	
  

SPARC_LAB	
  should	
  be	
  reviewed	
  with	
  considera3on	
  of	
  available	
  resources,	
  impact	
  of	
  R&D	
  
and	
  theEuPRAXIA@SPARC_LAB	
  goals.	
  

•  The	
  SPARC_LAB	
  team	
  should	
  develop	
  a	
  list	
  of	
  science	
  topics	
  and	
  measurements	
  required	
  
to	
  support	
  the	
  EuPRAXIA@SPARC_LAB	
  proposal	
  and	
  to	
  demonstrate	
  cri3cal	
  feasibility	
  
issues.	
  

•  A	
  beam-­‐driven	
  SPARC_LAB	
  plasma	
  accelerator	
  setup	
  should	
  be	
  operated	
  over	
  an	
  
extended	
  period,	
  for	
  example	
  one	
  week,	
  to	
  demonstrate	
  and	
  test	
  the	
  required	
  reliability	
  
and	
  stability	
  for	
  EuPRAXIA@SPARC_LAB.	
  

•  Experimental	
  results	
  with	
  plasma	
  lens-­‐based	
  beam	
  focusing	
  and	
  beam	
  transport	
  should	
  
be	
  compared	
  with	
  focusing	
  and	
  transport	
  by	
  permanent	
  magnet	
  quadrupoles	
  (PMQs).	
  

•  The	
  laboratory	
  management	
  is	
  encouraged	
  to	
  con3nue	
  promo3ng	
  SPARC_LAB	
  and	
  its	
  
ac3vi3es	
  as	
  a	
  cri3cal	
  lab	
  ac3vity	
  in	
  prepara3on	
  for	
  the	
  EuPRAXIA@SPARC_LAB	
  project.	
  









































	
  	
   53	
  F.	
  Villa	
  

Laser	
  parameter	
  &	
  tunability	
  

Last	
  configura3on	
  (220	
  pC,	
  2	
  bunch	
  Comb):	
  
	
  
Temporal	
  length:	
  <200fs	
  FWHM,	
  separa3on:	
  4	
  ps	
  
	
  
Transverse	
  dimension:	
  800	
  um	
  diameter	
  
	
  
Energy:	
  100	
  uJ	
  @264	
  nm,	
  2%	
  rms	
  stability	
  
	
  

D	
  
W	
  

Dura3on	
  tuning:	
  0.2-­‐4	
  ps	
  FWHM	
  
	
  
Separa3on	
  tuning:	
  ±50	
  ps	
  resolu3on	
  10	
  fs	
  
	
  
Transverse	
  tuning:	
  250-­‐1000	
  um	
  diameter	
  
	
  
Energy	
  available:	
  up	
  to	
  300	
  uJ	
  
	
  

Split	
  &	
  delay	
  system	
  

UV	
  on	
  virtual	
  cathode	
  

IR	
  comb	
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  F.	
  Villa	
  

Laser	
  opera3ons	
  and	
  configura3ons	
  

11/18	
   Amplitude	
  installa3on	
  of	
  2nd	
  CFR	
  pump	
  laser	
  to	
  reach	
  nominal	
  IR	
  energy,	
  single	
  bunch	
  
configura3on	
  

12/18	
   Comb	
  test	
  with	
  2	
  pulses	
  via	
  birefringent	
  crystal	
  

01/19	
   Single	
  bunch	
  for	
  Calipso+	
  users	
  

02/19	
   Amplitude	
  test	
  for	
  flat	
  top	
  pump	
  configura3on,	
  installa3on	
  of	
  comb	
  system	
  with	
  split	
  &	
  
delay	
  lines	
  

03/19	
   Subs3tu3on	
  of	
  Evolu3on	
  pump	
  laser	
  

04/19	
   Fine	
  tuning	
  of	
  shortest	
  temporal	
  dura3on,	
  IR	
  comb	
  test	
  on	
  cathode	
  

05/19	
   Amplitude	
  modifica3on	
  of	
  laser	
  pumps,	
  split	
  &	
  delay	
  with	
  different	
  dimensions	
  and	
  
dura3on	
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Input parameters for PWFA simulations 

l  Driver 
l  Charge 200 pC 
l  Spot size 26 um, length 52 um 
l  emittance 2.8 mm mrad 
l   alpha=4.4126, beta=0.0565 m 

l  Witness 
l  Charge 20 pC 
l  Spot size 10 um, length 6 um 
l  emittance 0.7 mm mrad 
l  alpha=1.8497, beta=0.0342 
l  Distance 1.1 ps 
l  Energy 100 MeV , Energy spread 0.4 % 
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Energy at different plasma densities 
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ΔE at different plasma densities 
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Spot and emittance 
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Witness energy gain 
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Driver energy loss 



68 

Transverse phase space 

Witnes Driver 



69 

Longitudinal phase space 

Witness 
Driver 



FLAME activity
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FLAME	
  laser	
  parameters	
  

•  Rou3nely	
  delivering	
  >100TW	
  on	
  target:	
  
– Energy:	
  3	
  J	
  
– Temporal	
  dura3on:	
  25	
  fs	
  FWHM	
  
– Focal	
  spot	
  size:	
  16	
  um	
  FWHM	
  



Conferenza	
   72	
  Nome	
  Cognome	
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FLAME	
  experimental	
  ac3vi3es	
  

1.  Plasma	
  genera3on	
  and	
  characteriza3on	
  in	
  gas-­‐filled	
  
capillaries	
  through	
  HV	
  discharge	
  for	
  laser	
  guiding;	
  

2.  Proton	
  accelerated	
  via	
  TNSA	
  mechanism:	
  
a)  Energy	
  spectrum	
  measurements	
  by	
  diamond-­‐based	
  

TOF	
  detector;	
  
b)  Characteriza3on	
  of	
  electron	
  emiued	
  from	
  laser-­‐solid	
  

target	
  interac3ons	
  through	
  EOS	
  diagnos3c.	
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Plasma	
  laser	
  guiding	
  

•  Plasma	
  parabolic	
  channel	
  from	
  discharge	
  in	
  gas-­‐
filled	
  capillary	
  characteriza3on:	
  
– Guiding	
  temporal	
  window	
  measurement	
  
– Transverse	
  density	
  profile	
  measurements	
  
– Plasma	
  waveguide	
  test	
  through	
  op3cal	
  modes	
  
detec3on	
  

Laser	
  envelope	
  oscilla3on:	
  
guiding!	
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Guiding	
  temporal	
  window	
  

Transmission	
  efficiency:	
  
	
  -­‐	
  no	
  plasma	
  40%	
  
	
  -­‐	
  with	
  guiding	
  70%	
  	
  	
  

FLAME	
  oscillator	
  has	
  
been	
  sent	
  into	
  the	
  
plasma	
  to	
  easily	
  find	
  
the	
  temporal	
  window	
  
for	
  guiding	
  thanks	
  to	
  
the	
  high	
  rep.rate	
  
(79.667	
  MHz)	
  Guiding!	
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Laser	
  mode	
  output	
  

Early	
  3me	
  

Guiding	
  window	
  

Late	
  3me	
  

•  Low	
  intensity	
  (<1012	
  
W/cm2)	
  single	
  pulse	
  
laser	
  has	
  been	
  
detected	
  at	
  capillary	
  
exit	
  with	
  relay	
  
imaging	
  system.	
  

•  A	
  temporal	
  scan	
  has	
  
been	
  performed	
  to	
  
inves3gate	
  laser	
  
output	
  mode	
  by	
  
delaying	
  discharge.	
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Transverse	
  density	
  profile	
  measurement	
  

Ver3cal	
  	
  
capillary	
  
axis	
  

𝝺	
  Hbeta	
  

Each	
  horizontal	
  line	
  gives	
  the	
  electron	
  density	
  at	
  a	
  certain	
  ver3cal	
  posi3on:	
  
Line	
  profile	
  reconstruc3on	
  

To	
  the	
  spectrometer	
  

Capillary	
  



EXIN 
interaction 

chamber 




¢  To complete (by June 2019 ) 
- The realization of the interaction and injection chambers 
- The e-beam dump line design 
- The design of the final line for laser transfer line up to the injection 
chamber 
- the sizing vacuum system for operations with H2 

¢  Defined: 
plasma, e-beam and laser diagnostics 
the transfer line for e-beam from linac to interaction chamber 
the FLAME laser transfer line 

¢  Completed: 
existing e-beam transport line (thomson- plasmonx) 
All the magnets elements of the e-beam line and relative power supplies 
the discharge system 
the FLAME laser transfer line up to the first parabola chamber 
 
Installation of the interaction chamber: from January 2020 
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TNSA	
  studies	
  

•  Parametric	
  studies	
  using	
  aluminium	
  foils	
  as	
  target	
  
varying:	
  
– Target	
  thickness,	
  
– Laser	
  energy,	
  
– Laser	
  spot	
  size,	
  
– Laser	
  temporal	
  length	
  

•  Both	
  protons	
  and	
  electrons	
  detected	
  for	
  each	
  
shot	
  to	
  study	
  their	
  property	
  correla3ons.	
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Conferenza	
   82	
  Nome	
  Cognome	
  



Conferenza	
   83	
  Nome	
  Cognome	
  

Fast-­‐electron	
  temporal	
  dura3on	
  scaling	
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•  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 



Characterization of longer plasma capillaries 

Time-resolved measurements	
  10 cm x 1 mm capillary	
  

•  Minimum voltage to obtain plasma discharge for 10 cm 
capillaries is around 11kV with 290 A (for 3 cm 
capillaries this values is around 6-7 kV with 170 A)  

•  The plasma density values reach around 2x1017 cm-3 



Plasma behaviour simulations 

Results	
  from	
  computa3onal	
  model	
  for	
  two-­‐dimensional	
  axially	
  symmetric	
  capillary	
  discharges:	
  1cm	
  x	
  1	
  
mm	
  capillary	
  at	
  18	
  kV	
  and	
  240	
  A	
  of	
  the	
  plasma	
  current	
  

Te
m

p 
(K

)	
  

Plasma	
  temperature	
  
up	
  to	
  3.7	
  eV	
  

n e
 (c

m
-3

)	
  

10 mm (inside)	
  15 mm (outside)	
   Plasma	
  density	
  up	
  to	
  
2.9x1017	
  cm-­‐3	
  

Starting point of the discharge	
  Density simulations	
  

Temperature simulations	
  

courtesy	
  of	
  E.	
  Brentegani	
  



V L
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15	
  mm	
  

	
  

Plasma behaviour simulations 

A	
  valida3on	
  of	
  the	
  computa3onal	
  model	
  can	
  be	
  done	
  by	
  using	
  our	
  measurements	
  about	
  the	
  shock	
  
regime	
  forma3on	
  at	
  the	
  ends	
  of	
  the	
  capillary	
  

Plasma	
  expansion	
  speed	
  up	
  to	
  
65	
  km/s	
  (shock	
  regime)	
  

Shock speed simulations	
  

Shock speed measurements	
  

Discharge	
  voltage	
  18	
  kV	
  
Capillary	
  

Electrode	
  
Plasma	
  
channel	
  

20	
  mm/2	
  μs	
  

	
  

Vacuum	
  



Longitudinal distance (step)	
  

 E
xp

an
si

on
 s

pe
ed

 (c
m

/s
)	
  

10 mm 
Inside 	
  

Starting 
point	
  

Plamsa	
  
plumes	
  

15 mm 
outside 	
  Longitudinal speed 

profile simulations 	
  

Comparison between simulations and measurements to validate 
the computational model: 
 
•  good agreement though the measured maximum velocity is 

lower than the simulated one (~20%) 

•  the inlets in the 2D-model are not included but there is only a 
starting point of the discharge 

•  the plume expansion outside the capillary fit very well with the 
real behaviour, in agreement with the shock wave formation 
(exponential growth of the speed) 

Longitudinal speed profile 
measurements 	
  

outside	
  Inside 
	
  

Plasma behaviour simulations 



SPARC_LAB	
  Work	
  Plan	
  un3l	
  end	
  of	
  2019	
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