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POSSIBLE	
  FUTURE	
  UPGRADE:C-­‐BAND	
  GUN	
  DESIGN	
  

⇒  The	
   e.m.	
   design	
   has	
   been	
   done	
   both	
   using	
   Superfish	
   and	
   ANSYS	
  
Electronics	
  

⇒  Two	
  type	
  of	
  structures	
  have	
  been	
  designed	
  1.5	
  and	
  2.5	
  cell	
  
⇒  In	
   the	
   context	
   of	
   the	
   EU	
   project	
   XLS	
   Compact	
   light,	
   the	
   C-­‐band	
  

injector	
   has	
   been	
   selected	
   as	
   the	
   baseline	
   injector	
   (2.5	
   cell).	
   The	
  
main	
   advantage	
   is	
   to	
   have	
   the	
   possibility	
   to	
   operate	
   at	
   repeMMon	
  
rates	
  of	
  1	
  kHz	
  with	
  160	
  MV/m	
  cathode	
  peak	
  field.	
  

⇒  Beam	
  dynamics	
   calculaRons	
   (A.	
   Giribono,	
  M.	
   Croia,	
   C.	
   Vaccarezza,	
  
M.	
  Ferrario)	
  and	
  dark	
  current	
  studies	
  (J.Scifo)	
  have	
  been	
  done	
  

AcceleraMng	
  cells	
  

RF	
  ports	
  

Pumping	
  ports	
  
Laser	
  ports	
  Ecath	
   160	
  =>	
  250	
  	
  MV/m	
  

Δfπ/2-­‐π	
   ≈	
  52	
  MHz	
  

Q0	
   11600	
  

β	
   3	
  

Filling	
  Mme	
  (τF)	
   160	
  ns	
  

Pdiss	
  @160MV/m	
  	
  	
   9.7	
  MW	
  

34.2	
  [MV/m/(MW)0.5]	
  

Rep.	
  Rate	
   1000	
  Hz	
  

Peak	
  Input	
  power	
  PIN	
   18	
  MW	
  

Pulsed	
  heaMng	
  (Tpuls)	
   <20	
  oC	
  

RF	
  pulse	
  length	
  (TRF)	
   350	
  ns	
  

Av	
  diss	
  power	
  (Pav)	
   2300	
  W	
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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	
  acMve	
  length	
  Lact	
  [m]	
  	
   18	
  

Unloaded	
  SLED	
  Q-­‐factor	
  Q0	
   180000	
  

External	
  SLED	
  Q-­‐factor	
  QE	
   23100	
  

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

EffecMve	
  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	
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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
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  AcceleraMon	
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Energy Stability
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Non	
  Linear	
  Regime	
  -­‐	
  Energy	
  Jirers	
  
DE/E	
  [%]	
  versus	
  plasma	
  density	
  np	
  [cm-­‐3]	
  and	
  D/W	
  separaMon	
  [fs]	
  

ΔE/E	
  [%]	
  

ΔtDW	
  [fs]	
  

np	
  [cm-­‐3]	
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Plasma module layout	
  

Vgas	
  (cm3)	
   VimpEXT	
   	
  VimpINT	
   Tpumps	
   VC-­‐band	
   Vchamber	
   WAme	
  
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	
   WAme	
  
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	
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  PMQ	
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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
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Conclusions	
  

•  A	
  CriRcal	
  Review	
  of	
  the	
  CDR	
  is	
  ongoing	
  

•  A	
  detailed	
  schedule	
  and	
  cost	
  esRmate	
  towards	
  the	
  compleMon	
  of	
  the	
  TDR	
  is	
  in	
  progress.	
  

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

•  Laser	
  Heater/MagneMc	
  Compressor	
  opMmizaMon	
   is	
   in	
  progress,	
   including	
  alternaMve	
  schemes	
   for	
  Driver	
  and	
  
Witness	
  generaMon.	
  Energy	
  Jicers	
  invesRgaRon	
  and	
  miRgaRon	
  in	
  progress.	
  

•  Adjust	
  the	
  opRmal	
  energy/wavelength	
  for	
  FEL	
  operaRon	
  with	
  and	
  without	
  Plasma	
  compaMble	
  with	
  realisRc	
  
acceleraRng	
  gradients	
  (X-­‐band	
  60	
  MV/m,	
  Plasma	
  1	
  GV/m).	
  

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

•  FEL	
  Baseline	
  and	
  advanced	
  configuraMons.	
  

•  Extend	
  the	
  Users	
  ScienMfic	
  Case	
  including	
  lower	
  wavelength.	
  

•  DemonstraMon	
  of	
  the	
  main	
  beam	
  requirements	
  at	
  SPARC_LAB	
  (spread,	
  emicance,	
  stability)	
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