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C-band Gun (250 MV/m peak on Cathode)

C-Band SW Velocity Bunching (50 MV/m acc.)


εn<0.5 µm




I>500 A

σz=40 µm




C	
  band:	
  pros	
  
-­‐  technology	
  well	
  established,	
  background	
  

of	
  various	
  projects	
  (SFEL,	
  SPARC,	
  ELI-­‐NP,	
  
…);	
  

-­‐  synergic	
  with	
  other	
  internal	
  acDviDes;	
  
-­‐  all	
  components	
  already	
  industrialized,	
  well	
  

known	
  suppliers;	
  
-­‐  medium	
  gradients	
  (50	
  MV/m)	
  already	
  

demonstrated.	
  	
  
-­‐  linearizaDon	
  possible	
  (X	
  band)	
  

C	
  band:	
  cons	
  
-­‐  relaDvely	
  long	
  pulses	
  (300	
  –	
  400	
  ns);	
  
-­‐  higher	
  gradients	
  require	
  some	
  R&D	
  

efforts;	
  
-­‐  ulDmate	
  gradients	
  realisDcally	
  limited	
  (<	
  

80	
  MV/m)	
  

X	
  band:	
  pros	
  
-­‐  short	
  RF	
  pulses	
  (<	
  200	
  ns);	
  
-­‐  about	
  40%	
  larger	
  efficiency;	
  
-­‐  ulDmate	
  gradients	
  in	
  the	
  >	
  100	
  MV/m	
  

range	
  
-­‐  synergic	
  with	
  other	
  european	
  (CERN)	
  and	
  

internaDonal	
  efforts	
  

X	
  band:	
  cons	
  
-­‐  klystron	
  availability	
  and	
  cost;	
  
-­‐  more	
  complicated	
  pulse	
  compressors;	
  	
  
-­‐  criDcal	
  RF	
  transport	
  and	
  distribuDon;	
  
-­‐  not	
  all	
  components	
  	
  industrialized;	
  
-­‐  no	
  LLRF	
  commercially	
  available;	
  
-­‐  in	
  general	
  any	
  part	
  of	
  the	
  system	
  requires	
  

R&D	
  effort	
  and	
  a	
  lot	
  of	
  manpower	
  

Linac	
  Technology:	
  C-­‐band	
  or	
  X-­‐band	
  ?	
  





•  No	
   much	
   info	
   about	
   this	
   acceleraDng	
   secDon	
   (ever	
  
been	
  prototyped	
  and	
  tested?).	
  It	
  might	
  possibly	
  be	
  just	
  
an	
  opDmal	
  scaling	
  for	
  the	
  purpose.	
  	
  

•  However	
  the	
  RF	
  plant	
  and	
  the	
  secDon	
  properDes	
  fit	
  the	
  
EUSPARC	
  need,	
  so	
  the	
  proposed	
  RF	
  basic	
  block	
  	
  can	
  be	
  
easily	
  scaled	
  to	
  the	
  EUSPARC	
  case	
  to	
  draw	
  some	
  iniDal	
  
scenario.	
  

•  Filling	
  factor	
  is	
  ≈	
  75	
  %	
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  I	
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  MV/m	
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#	
  of	
  secDons	
   20	
  

#	
  of	
  modulators	
   1	
   2	
  

#	
  of	
  klystrons	
   2	
   4	
  

#	
  of	
  SLEDs	
   1	
   2	
  

linac	
  length	
  	
   20	
  m	
  (15	
  m	
  acDve)	
  

secDon	
  input	
  power	
   21	
  MW	
   42	
  MW	
  

linac	
  energy	
   690	
  MeV	
   975	
  MeV	
  

EUSPARC	
  scenario	
  based	
  on	
  “X-­‐band	
  FEL	
  collaboraUon”	
  RF	
  module	
  	
  



Higher	
  Gradient	
  layout	
  	
  
(A.	
  Grudiev	
  –	
  CERN)	
  	
  

parameters	
   comments	
  

<a>	
  [mm]	
   3.2	
  

d	
  [mm]	
   2.5	
  

Ls	
  [mm]	
   500	
  

Qe	
   21400	
  

vg/c	
  [%]	
   2.5	
  –	
  0.77	
  

Tp	
  [ns]	
   121	
  

R’_PC	
  [MΩ/m]	
   350	
   =G2/(Pkl/L)	
  

Phase	
  1	
   Phase	
  2	
   Phase	
  1	
   Phase	
  2	
  

Energy	
  gain:	
  Vt	
  
[MeV]	
  

850	
   1350	
   850	
   1350	
  

N	
  structures	
   30	
   30	
   32	
   32	
  

Total	
  acDve	
  
length:	
  Lt	
  [m]	
  

15	
   15	
   16	
   16	
  

Total	
  klystron	
  
power:	
  Pt	
  [MW]	
  

138	
   347	
   On	
  crest,	
  
No	
  losses	
  in	
  WG	
  

129	
   325	
  

N	
  klystrons	
   4	
   8	
   4	
   8	
  

Does	
  not	
  fit	
  together	
  	
  
⇒ N	
  structures	
  =	
  32	
  
⇒ Lt	
  =	
  16m	
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Layout	
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SASE FEL studies


λu = 1.5 cm
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C-Band accelerating structure and PWFA chamber 



PWFA – Particle Wake Field Accelerator
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Plasma	
  Source	
  

PH2	
  =	
  10	
  mbar	
  
Total	
  discharge	
  duraDon:	
  800	
  ns	
  	
  
Voltage:	
  20	
  kV	
  
Peak	
  current:	
  200	
  A	
  	
  
Capacitor:	
  6	
  nF	
  

Courtesy	
  of	
  M.	
  P.	
  Anania,	
  A.	
  Biagioni,	
  D.	
  Di	
  Giovenale,	
  F.	
  Filippi,	
  S.	
  Pella	
  



Capillary Discharge at SPARC_LAB 







Beam	
  ManipulaUon	
  

















Plasma Driven FEL under investigation 
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