
Summary of the SPARC_LAB activities  
Massimo.Ferrario@LNF.INFN.IT 

On behalf of the SPARC_LAB collaboration 

LNF Scientific Committee Meeting - November 23, 2015 



June 1– August 10



Installations from October 20 up to December 23

August  24 – October 20



FLAME operation

Thomson 



SL_COMB: Beam Driven Plasma 
Wake Field Acceleration



First Capillary Discharge (Oct. 23) 



Vacuum Chamber ready to be installed 



ü  Characteriza*on	  of	  the	  COMB	  chamber	  in	  Lab	  
ü  Vacuum	  tests	  with	  the	  3D	  printed	  capillary	  using	  H2	  

ü  GOAL:	  Keep	  vacuum	  pressure	  below	  6*10-‐8	  mbar	  
ü  Design,	  construcDon	  and	  operaDon	  of	  the	  discharge	  box	  with	  a	  50	  Ohm	  load	  

These	  results	  are	  obtained	  with	  
one	  skroll	  as	  retro-‐pump	  for	  
every	  turbo	  pumps	  at	  different	  
input	  gas	  pressure.	  	  
	  
Recent	  tests	  with	  more	  than	  a	  
retro-‐pump	  have	  shown	  the	  
possibility	  to	  sustain	  up	  to	  5	  Hz	  
rep	  rate	  with	  400	  mbar	  input	  
gas	  pressure	  
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Vacuum	  tests	  



Plasma	  Diagnos*cs	  along	  the	  Capillary	  
ü  Measurements	  were	  performed	  varying:	  

ü  Inlet	  pressure	  
ü  Valve	  aperture	  Dme	  
ü  PosiDon	  of	  the	  fiber	  respect	  to	  capillary	  
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Gas	  Flow	  Simula*ons	  with	  OpenFoam	  code	  

Filling	  *me	  simula*ons	  

Gas	  Flow	  inside	  capillary	  

Variable	  density	  ramp	  

Valve	  closing	  at	  800μs	  

S.	  Romeo	  



Accelera*on	  in	  plasma	  -‐	  Simula*ons	  

Witness	  envelope	  and	  
emiZance	  

A.	  Marocchino,	  F.	  Massimo	  



Electron	  beam	  diagnos*cs	  

Longitudinal	  diagnos*cs	  for	  the	  input	  beam,	  both	  drivers	  and	  witness,	  based	  on	  EOS	  technique	  to	  
characterize	   single	   bunch	   length	   and	   temporal	   separaDon,	   needed	   for	   opDmize	   the	   plasma	  
acceleraDon	  performance	  (R.	  Pompili)	  

Transverse	   diagnos*cs	   for	   the	   input	   beam	   at	   the	  
injecDon	  into	  the	  capillary	  (V.	  Shpakov)	  

	   -‐	   High	   resoluDon	   needed	   to	   measure	  
	   micrometer	   size	   beam	   spot	   at	   the	   capillary	  
	  entrance	  
	   -‐	   Micro-‐objecDve	   (20x),	   105	   mm	   objecDve	  
	  lens,	  Basler	  camera	  

Longitudinal	  diagnos*cs	  for	  the	  output	  witness	  beam	  based	  on	  THz	  radia*on	  (F.	  Giorgianni)	  
	   -‐	   The	   system	   is	   able	   to	  measure	   radiaDon	   from	  a	  10-‐20	  pC	   charge	  beam,	  but	   sofar	   it	   	   is	  

mulD-‐shot	  
	   -‐	   Further	   implementaDon,	   in	  combinaDon	  with	  EOS	   technique,	  would	  allow	   for	   	   single-‐shot	  

measurement	  

50	  cm	  



03/11/2015	  

30/11/2015	  

20/10/2015	  

On	  going	  Installa*ons	  from	  Oct.	  20	  	  



C-band structure already installed 



Final layout as expected by December 2015 



After 54 hours of High Voltage a Vacuum Interlock occurred again. During a smooth 
conditioning run a Vacuum Interlock occurred again.  
    

2015 significant fault at C-band Klystron - Vacuum Interlock 

Run Plot 



July 21, 2015   Klystron E37202 

Picture taken from the tank side 
window 

2015 significant fault at LNF-SPARC Facility 
Klystron E37202 Vacuum Interlock 



Phenomenon and causes: 
 
As a result of the investigation, it is likely that energy passed from 
the outside to the inside of the tube and caused a damage to the 
gun ceramic. Although the cause of the leak was not identified in 
this investigation ( last TOSHIBA report October 2015) . 
 
 Same type of fault at PSI:  
We have shared all the Information  during a collaboration 
meeting ( September 2015) 
 
We are still waiting for the repaired Klystron, the negotiation 
with Toshiba is still in progress 



SL_COMB	  Milestones	  2016	  (depending	  on	  C-‐band	  Klystron	  availability)	  

Ø  Commissioning	  of	  the	  COMB	  chamber	  installed	  on	  the	  SPARC	  main	  line	  (end	  of	  February)	  	  

Ø  Setup	  of	  the	  online	  plasma	  diagnosDcs	  based	  on	  Stark	  effect	  and	  measure	  the	  plasma	  density	  
profile	  in	  the	  capillary	  	  

Ø  Start-‐to-‐End	  simulaDon	  to	  characterize	  two	  working	  points	  
Ø  with	  2	  and	  5	  bunches	  to	  demonstrate	  the	  resonant	  excitaDon	  of	  the	  plasma	  wave	  
	  

Ø  Experimental	  study	  of	  the	  fringing	  effects	  on	  the	  capillary	  (plasma	  lens)	  (March)	  	  
Ø  adiabaDc	  plasma	  lens	  	  

Ø  Beam	  loading	  studies	  and	  energy	  spread	  correcDon	  (plasma	  dechirper)	  
	  

Ø  Experimentally	  characteriza*on	  of	  the	  driver/witness	  bunch	  interac*on	  with	  the	  
plasma	  	  
Ø  single	  bunch	  study	  
Ø Mul*-‐bunch	  study	  	  

Ø  Transport	  of	  the	  plasma	  accelerated	  beam	  

Ø  Test	  the	  electron	  beam	  diagnosDcs	  at	  the	  plasma	  exit	  



SL_EXIN: Laser Driven Plasma 
Wake Field Acceleration





Interaction Chamber 

Under construction 
Ready for the end 
 of January 2016 

Under construction 
Ready for the end 
 of March 2016 

Under project 



Transport stability vs beam parameters at injection 
Matching and BD findings for EXIN 

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

These results were submitted for EAAC 2015 proceedings on NIM A 

Asymmetry in the jitters 
Robustness in some directions (for emittance) 

Overall robustness in output transverse dimension 

Unexpected: improved results if αT > 0 
Educated guess: beam loading effect? 

nramp  s 

RS: reference 
setting 



THz Source



The	  THz	  run	  was	  scheduled	  starDng	  from	  July	  7th	  for	  5	  weeks	  Dll	  August	  7th	  .	  	  
The	  first	  week	  was	  dedicated	  to	  Smith-‐Purcell	  alignment	  and	  preliminary	  tests	  with	  beam,	  but	  
a	  vacuum	  leak	  in	  the	  Smith-‐Purcell	  chamber	  together	  with	  a	  control/ion	  pump	  system	  failure	  
caused	  the	  vacuum	  break	  with	  pressure	  of	  100	  mbar	  in	  the	  gun.	  
	  
The	  vacuum	  pumping	  re-‐started	  immediately	  and	  UHV	  level	  restored	  in	  a	  couple	  of	  days,	  but	  
gun	  and	  traveling	  secDon	  needed	  a	  slow	  condiDoning	  with	  RF,	  which	  caused	  a	  shie	  of	  	  two	  
weeks	  in	  the	  THz	  program.	  The	  cathode	  QE	  was	  however	  reduced	  because	  of	  air	  
contaminaDon,	  resulDng	  in	  a	  lower	  extracted	  charge	  for	  a	  given	  laser	  energy.	  However	  the	  
minimum	  500	  pC	  beam	  for	  THz	  experiments	  was	  guaranteed.	  
	  
Machine	  setup	  for	  THz	  studies	  started	  on	  July	  23rd	  	  (2	  days)	  and	  the	  run	  with	  THz	  users	  started	  
on	  July	  28th	  Dll	  August	  7th	  .	  
	  
One	  more	  week	  in	  October	  was	  dedicated	  to	  THz	  user	  shies.	  

Comments	  



Improvement	  of	  the	  experimental	  setup	  
Ø  Dry	  air	  system	  to	  reduce	  water	  absorpDon	  allowed	  to	  measure	  radiaDon	  from	  very	  low	  charge	  

bunches,	  of	  the	  order	  of	  10	  pC	  
Ø  Coherent	  THz	  radiaDon	  from	  the	  ultra-‐short	  witness	  bunch	  can	  be	  used	  to	  retrieve	  its	  

duraDon	  
Ø  Preliminary	  measurements	  show	  that	  the	  system	  allows	  to	  detect	  pC	  scale	  beam,	  but	  sDll	  

dedicated	  tests	  at	  such	  low	  charge	  are	  needed	  



Broad-‐band	  THz	  Emission	  

Ø  500	  pC,	  ~	  100	  fs	  (rms),	  115	  MeV	  	  

SpaDal	  distribuDon	  of	  CTR	  
radiaDon	  in	  the	  focus	  of	  a	  
parabolic	  mirror	  as	  measured	  by	  
means	  of	  a	  Pyrocam	  	  





Milestones	  2016	  

Ø  THz	  radiaDon	  studies	  for	  the	  low	  charge	  regime	  in	  order	  to	  use	  coherent	  radiaDon	  methods	  for	  
bunch	  length	  measurements	  

Ø  ImplementaDon	  of	  EO	  technique	  to	  allow	  for	  single-‐shot	  measurements	  
Ø  Project	  of	  the	  THz	  beamline	  
Ø  THz	  user	  experiments	  	  



FLAME Laser



FLAME	  status	  
In	  general	  the	  laser	  is	  working	  fine,	  delivering	  5-‐6	  J	  in	  35-‐40	  fs.	  
	  
The	  final	  transport	  sec*on	  (between	  the	  laser	  clean	  room	  to	  the	  compressor	  entrance)	  has	  been	  
updated:	   now	   it’s	   fully	   closed	   in	   pipes	   so	   to	   have	   small	   variaDon	   in	   the	   focal	   spot	   due	   to	  
turbulences.	  Also	  lots	  of	  CCD	  cameras	  have	  been	  installed	  enabling	  us	  to	  check	  the	  beam	  status	  and	  
alignment	  both	  in	  air	  and	  in	  vacuum.	  	  
	  
The	  compressor	  chamber	  has	  been	  fixed	  to	  the	  floor,	  so	  the	  problem	  of	  alignment	  in	  vacuum	  has	  
been	  solved	  (before	  we	  were	  completely	   loosing	  the	  beam	  while	  going	   in	  vacuum;	  now	  the	  focal	  
spot	  is	  moving	  of	  microns,	  which	  is	  normal).	  
	  
As	  far	  as	  the	  adap*ve	  op*cs,	  it	  is	  working	  well	  giving	  us	  almost	  60%	  of	  energy	  in	  the	  focal	  spot.	  In	  
order	   to	   be	   able	   to	   reach	   a	   higher	   percentage	   of	   energy	   in	   the	   spot,	   we	   have	   bought	   a	   larger	  

achromaDc	  doublet	  which	  will	  allow	  us	  to	  have	  the	  whole	  beam	  on	  the	  diagnosDc	  bench	  and	  make	  
sure	  that	  the	  correcDons	  of	  the	  phase	  front	  are	  done	  on	  the	  whole	  beam	  and	  not	  just	  on	  a	  smaller	  
part	  of	  it.	  



Experiments	  with	  the	  FLAME	  laser	  

The	  goal	  of	  the	  experiment	  is	  to	  measure	  electric	  field	  emiZed	  by	  generated	  parDcles	  

(both	   electrons	   and	   ions)	   by	   means	   of	   Electro-‐OpDcal	   Sampling.	   We	   wish	   to	  

demonstrate	  that	  acceleraDon	  of	   light	   ions	  can	  be	  opDmized	  by	  shaping	  opportunely	  

the	  solid	  target.	  



Experiments	  with	  the	  FLAME	  laser	  

•  Non-‐intercepDng	  and	  single-‐shot	  
•  Use	  a	  «probe»	   laser	   to	  monitor	   the	  changing	  on	   the	  opDcal	  properDes	  of	  a	  nonlinear	  crystal	  

placed	  near	  the	  emiZed	  parDcles	  
§  The	   high	   electric	   field	   produced	   by	   the	   interacDon	   of	   the	   FLAME	   laser	   with	   the	   target	  

make	  the	  crystal	  birefringent	  
§  Two	  different	  refracDve	  indices	  appear	  in	  the	  crystal	  
§  The	  polarizaDon	  of	  the	  probe	  laser	  rotates	  because	  it	  feels	  the	  two	  refracDve	  indices	  

Why	  EOS?	  



Experiments	  with	  the	  FLAME	  laser	  

Data	   taken	   with	   lower	   laser	  
intensity	   (due	   to	   large	   spaDal	  
chirp).	  
	  
Field	  measured:	  46.5	  MV/m.	  

Data	   taken	   with	   higher	   laser	  
intensity	   (4	   Dmes	   higher	   -‐	   aeer	  
realigning	  the	  compressor).	  
	  
Field	  measured:	  105.7	  MV/m.	  	  



FLAME	  status	  
However,	   since	  we	  are	  using	   the	   full	   power	   conDnuously,	  high	  power	  parts	   (YAGs)	   get	  damaged	  
easily.	  Measurements	   have	   been	  done	   and	   ZEMAX	   simulaDons	   have	   been	  performed	   in	   order	   to	  
understand	  how	  to	  solve	  the	  problem.	  

The	  images	  show	  that	  the	  road	  of	  the	  YAGs’	  
oscillator	  is	  too	  small	  respect	  to	  the	  size	  of	  
the	  beam	  at	   the	   last	  pass	   inside	   the	  cavity	  
and	   therefore	   the	  beam	   is	   cut	  at	   the	  edges	  
by	  the	  rod	  itself.	  
Aber	   this	  cut,	   the	  beam	   is	   sent	   to	   the	   two	  
following	  amplifiers	  which	  will	   amplify	   the	  
diffrac*on	  padern	  at	   the	  side	  of	   the	  beam	  
and	   which	   will	   eventually	   damage	   the	  
coa*ng	  of	  the	  last	  surface	  of	  the	  last	  rod	  at	  
the	  beginning	  and	  the	  rod	  itself	  at	  the	  end.	  



FLAME	  status	  

The	  main	  problem	  is	  the	  magnificaDon	  inside	  the	  amplifier	  of	  the	  YAG;	  we	  have	  mainly	  two	  opDons	  
to	  try:	  
	  
1.   Change	  the	  size	  of	  the	  rod,	  so	  not	  to	  cut	  the	  beam;	  
2.   Change	   the	   magnifica*on	   of	   the	   beam	   by	   changing	   the	   reflec*vity	   profile	   of	   the	   output	  

gaussian	  mirror.	  
	  
Both	   soluDons	  will	   give	   us	   less	   energy	   for	   the	   output	   beam,	   so	   in	   order	   to	   have	   again	   the	   some	  
output	  energy	   from	  each	  YAG,	  we	  will	  also	  change	  the	  second	  harmonic	  crystal	   from	  BBO	  to	  LBO	  
(the	  last	  one	  has	  70%	  conversion	  efficiency	  instead	  of	  50%	  of	  BBO	  crystal).	  
	  
The	  program	  to	  make	  these	  changes	  to	  sacrifice	  one	  of	  the	  YAG	  to	  make	  the	  changes	  and	  test	  the	  
two	  different	  op*ons	  (2	  weeks)	  and	  then	  chose	  the	  best	  solu*on,	  buy	  the	  op*cs/goods	  to	  make	  

the	  changes	  to	  all	  the	  11	  YAGs	  and	  dedicate	  2	  weeks	  to	  upgrade	  all	  the	  YAGs.	  



FLAME	  program	  for	  2016	  
Ac*vity	   Start	  date	   End	  date	  

Restart	  aeer	  Christmas	   11/01/2016	   22/01/2016	  

Single	  shot	  emiZance	  measurement	   25/01/2016	   11/03/2016	  

Laser	  maintenance	   14/03/2016	   18/03/2016	  

Amplitude	  visit	  and	  compressor	  opDmizaDon	   21/03/2016	   08/04/2016	  

OpDmizaDon	  of	  one	  of	  the	  YAGs	  (Bisesto’s	  soluDon)	   21/03/2016	   08/04/2016	  

EOS	  experiment	  (A.	  Zigler)	   11/04/2016	   06/05/2016	  

Laser	  maintenance	   09/05/2016	   13/05/2016	  

OpDmizaDon	  of	  all	  the	  YAGs	  (Bisesto’s	  soluDon)	   16/05/2016	   27/05/2016	  

Laser	  maintenance	   30/05/2016	   03/06/2016	  

Capillary	  guiding	  and	  acceleraDon	  for	  EXIN	  in	  FLAME	  bunker	   06/06/2016	   29/09/2016	  

Restart	  aeer	  summer	  holidays	   05/09/2016	   16/09/2016	  

Thomson	  experiment	  @	  SPARC	   19/09/2016	   28/10/2016	  

Laser	  maintenance	   31/10/2016	   04/11/2016	  

Plasma	  mirror	  experiment	  	   07/11/2016	   02/12/2016	  

FilamentaDon	  experiment	  (M.	  Petrarca)	   05/12/2016	   23/12/2016	  



SL_Thomson backscattering



2nd comm. phase (3 weeks shift on Jun 2015): 
30 MeV Working point    

39 

v  Charge = 100-200 ± 20 pC 

v  Energy = 29-31 ± 0.2 MeV 

v  Launch phase: Φ= + 30° 

v  Laser pulse length = 4.0 ps  

v  1st TW S1 phase: Φ= +32° 

v  2nd TW S2 phase: Φ= - 72° 

v  3rd TW S3 phase: Φ= - 134° 

v  Bunch length rms = 2.2 ps 



Radiation measurements 
1.  Measurement of  the charge produced in a Si PIN diode (Hamamatsu, 28mm x 

28mm x 0.3mm), by an electrometer (Keithley) 
1.  No polarisation, low dark current -> high sensitivity 

2.  Wide linear dynamic range 

3.  Low efficiency -> low background radiation signal 

2.  Charge Vs flux estimation, for a known incident spectrum, previously calibrated 
using monochromatic source (Elettra synchrotron) 

3.   The measured charge (depends on conditions, around 10 pC per pulse) is 
compatible with 104 photons (@ 20 keV) per pulse on the detector sensitive 
volume, instead of: 

     

 

 for UL≈ 2 J,  Q≈ 200 pC, δΦ =0.2, hν=1.55eV, σx,y≈110μm, wo≈150μm 

Nγ = 4.8×10
8 UL J[ ]Q pC[ ]δφ

hν eV[ ] σ x
2 µm[ ]+

w0
2 µm[ ]
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≈1.4×106 / shot



Radiation measurements from imager 
v  Hamamatsu imager Flat Panel C9728DK-10 

v  CMOS + 165 micron CsI 

v  Pixel pitch 50 micron, 1032 x 1032 

EAAC 2015 13-19 September La biodola, Isola d'ELba 

Exposure time 1 s, average over 100 images 



Conclusions 
v  The 2nd Commissioning phase of  the SL_Thomson source took 

place in the June 2015 dedicated shift. 

v  The 30 MeV e- beam energy WP has been addressed as foreseen 
for the first imaging experiment. 

v  With the available hw (phase shifters on 3 TW’s) the applied 
acceleration/deceleration scheme worked well enough to 
produce a low energy spread e- beam at 30 MeV, even though 
resulting in a strong sensitivity  for the e- beam to the machine 
imperfections/stability. 

v  The measured photon flux is still below the foreseen value (104 
vs 106 photons/pulse) 

EAAC 2015 13-19 September La biodola, Isola d'ELba 



Next: Collision Optimization 
v  4-button BPM installation downstream the IP and on the 

dumping pipe to control the e- beam trajectory inside the 
solenoid 

v  Referenced Pinhole insertion upstream and downstream for 
FLAME laser beam alignment to increase the realignment 
precision) 

v  Radiation exit window replacement DN100 vs DN40 (done) 

v  Tapered pipe replacement w straight one (DN100) (done) to 
reduce background and allow to squeeze the e-beam down to 
nominal size 

v  1 cm shift (vs lattice model) in one 2nd dogleg quad (recovered) 

EAAC 2015 13-19 September La biodola, Isola d'ELba 
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From SPARC_LAB to EUPRAXIA 
(via EUSPARC?)



§ Design Studies with at least 3 Countries, 
§ Cost. Schedule, Siting?
§ What is the governance model?  
§ What is the intended user community?  
§ Will it be open access?
§ Apply for H2020 preparatory phase (PP)?

~200	  M€	  

§ Support will be provided by 
Horizon2020 and MIUR for the 
i m p l e m e n t a t i o n ( P P ) a n d 
o p e r a t i o n o f t h e r e s e a r c h 
infrastructures listed on the ESFRI 
Roadmap and ERIC. 

Officially started on November 1, 2015 



Design	  Study	  on	  the	  	  
“European	  Plasma	  Research	  Accelerator	  	  with	  eXcellence	  In	  

ApplicaDons“	  (EuPRAXIA)	  	  
Approved	  as	  HORIZON	  2020	  INFRADEV,	  4	  years,	  3	  M€	  



A	  commercially	  available	  1	  PW	  Ti:	  Sa	  laser	  laser	  driver	  or	  a	  high	  brightness	  1	  GeV	  electron	  beam	  linac	  
could	  be	  adequate	  drivers	  for	  the	  EUPRAXIA	  plasma	  accelerator.	  	  
	  
The	  foreseen	  	  parameters	  give	  access	  to:	  
(1)  to	  an	  FEL	  in	  the	  EUV	  to	  X-‐ray	  regime	  (1	  –	  15	  nm)	  and	  	  
(2)	   to	   short	   electron	   pulses	   with	   high	   brightness	   for	   HEP	   detector	   tests,	  material	   tests	   and	   other	  
applicaDons.	  	  



Posi*oning	  of	  the	  Project	  
The	  EuPRAXIA	  project	  will	  bridge	  the	  gap	  between	  successful	  proof-‐of-‐principle	  experiments	  (today)	  
and	  a	  reliable	  technology	  with	  many	  applica*ons	  (end	  of	  the	  2020’s).	   It	  should	  be	  considered	  as	  a	  
ground-‐breaking,	   full-‐scale	   demonstraDon	   facility	   with	   pilot	   users	   and	   unique	   ultra-‐fast	   science	  
features.	  EuPRAXIA	  would	  solve	  several	   technical	   shortcomings	  with	  known	  soluDons	  and	  prove	  the	  
potenDal	   of	   plasma	   accelerators	   for	   users.	   It	   would	   establish	   the	   basis	   for	   applicaDons	   in	   industry,	  
medicine,	  photon	  science	  and	  HEP.	  
	  



EuPRAXIA	  Par*cipants	  



EuPRAXIA	  WPs	  and	  	  SPARC_LAB	  responsibiliDes	  	  
(SPARC_LAB	  WG	  leaders	  or	  deputy	  leaders)	  

L.	  Gizzi	  

E.	  Chiadroni	  

G.	  DaZoli	  

M.	  Ferrario	  

A.	  Mostacci	  



An upgraded (<1 GeV, <1 PW) SPARC_LAB facility could be 
a strong candidate for the EuPRAXIA site 



From SPARC_LAB to EUPRAXIA
SPARC_LAB Consolidation: on going, ~3 years 
•  FLAME maintenance
•  Injector upgrade (C-band, X-band)
•  THz user beam line upgrade
•  Thomson and Plasma beam lines final commissioning
•  FEL new short period undulator  

Test Facility

EUSPARC: proposed, ~5 years
•  Infrastructure extension
•  Linac upgrade <1 GeV (L-S-C-X-band, multi-bunches)
•  FLAME upgrade towards 1 PW
•  Plasma, dielectric and high frequency  acceleration
•  Positron production and acceleration with plasma
•  Advanced FEL schemes (oscillator, optical,QFEL?)
•  THz, Compton and FEL user beam lines 
•  AND RELIABILITY !!!!

User Facility

EUPRAXIA, ~10 years, ~200 M€  
•  Plasma based FEL Pilot User Facility
•  Plasma based HEP beam line

European Facility



Civil Engineering options

Test Facility



WG 1 – Injector and Linac (E. Chiadroni, A. Gallo)

WG 2 – Laser system (L. Gizzi, M. P. Anania)

WG 3 – LWFA and PWFA beam lines (A. Cianchi, A. R. Rossi)

WG 4 – Plasma driven FEL, advanced FEL schemes (G. Dattoli, F. Villa)


WG 5 – Advanced positron sources, fundamental physics experiments

WG 6 – Advanced THz, Compton and FEL sources with user beam lines (….., C. 
Vaccarezza) 

WG 7 – Civil Engineering, Plants, Controls and Radiation Safety (U. Rotundo, G. 
Di Pirro)


EUSPARC Working Groups Organization



Thank you


