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  Contribu*ons	
  to	
  the	
  CDR	
  about	
  the	
  PWFA	
  op*on	
  

Massimo	
  Ferrario	
  (INFN)	
  &	
  Jens	
  Osterhoff	
  ,	
  Pardis	
  Niknejadi	
  (DESY)	
  
Retreat	
  in	
  the	
  Alps,	
  February	
  27,	
  2019,	
  Hotel	
  am	
  Badersee,	
  Grainau	
  



Horizon	
  2020	
  
Why	
  beam	
  driven?	
  

	
  
-­‐  Beam/Plasma	
  wave	
  dephasing	
  is	
  negligible,	
  

-­‐  Driver/Witness	
  energy	
  transfer	
  efficiency	
  ~20%,	
  
	
  
-­‐  Timing	
  and	
  synchroniza<on	
  are	
  rather	
  mi<gated	
  issues	
  (D/W	
  from	
  the	
  

same	
  source),	
  
	
  
-­‐  State	
  of	
  the	
  art	
  RF	
  electron	
  linacs	
  can	
  achieve	
  repe<<on	
  rates	
  as	
  high	
  

as	
  GHz	
  in	
  pulsed	
  mode	
  in	
  NC	
  linacs	
  or	
  MHz	
  even	
  in	
  CW	
  opera<on	
  in	
  SC	
  
linacs,	
  	
  

-­‐  Compact	
  and	
  cheap…..	
  
	
  
-­‐  Many	
   exis<ng	
   conven<onal	
   electron	
   linacs	
   in	
   research	
   laboratories	
  
and	
  universi<es	
   can	
  benefit	
  of	
   a	
  PWFA	
  booster	
   (ex:	
  XFEL,	
   Swiss_FEL,	
  
ILC)	
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Horizon	
  2020	
  
Cri<cal	
  issues	
  

•  genera<on	
  of	
  ultralow	
  emilance	
  and	
  energy	
  spread,	
  	
  
•  damping	
   of	
   instabili<es,	
   ex:	
   hose	
   instability,	
   head	
  
erosion	
  

•  development	
  of	
  op<mized	
  plasma	
  module	
  
•  op<miza<on	
  of	
  the	
  driving	
  beams.	
  	
  
•  Staging	
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Horizon	
  2020	
  
Long	
  term	
  impact	
  on	
  LC	
  

CLIC-­‐like	
  Linear	
  Collider	
  schemes	
   from	
  the	
  Higgs	
  energy	
  
up	
  to	
  TeV	
  range	
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EuPRAXIA@SPARC_LAB
EuPRAXIA@SPARC_LAB


RF	
  power	
  modules	
  	
  

1	
  GeV	
  X-­‐band	
  	
  
	
  LINAC	
  

Beam	
  user	
  areas	
  

FEL	
  user	
  area	
  @3nm	
  

Undulators	
  

Plasma	
  module	
  

0.5	
  PW	
  Laser	
  

Secondary	
  	
  
Sources	
  



Horizon	
  2020	
  

1	
  plasma	
  
stages	
  

one	
  laser	
  
beam	
  from	
  
level	
  above	
  

X-­‐band	
  
structures	
  
1	
  GeV	
  

RF	
  gun	
  &	
  	
  	
  
3	
  S-­‐band	
  
structures	
  
100	
  MeV	
  

Possible	
  EuPRAXIA	
  Beam	
  Driven	
  layout	
  

PWFA	
  up	
  to	
  5	
  GeV	
  
	
  
RF	
  structures	
  
consist	
  of	
  S-­‐band	
  
injector	
  and	
  high	
  
gradient	
  X-­‐band	
  
	
  
Laser	
  needed	
  for	
  
pre-­‐ioniza<on	
  of	
  
plasma	
  

A	
  =	
  45	
  x	
  5	
  m2	
  =	
  225	
  m2	
   3D	
  layout	
  by	
  Dariusz	
  Kocoń	
  	
  
and	
  Paul	
  Andreas	
  Walker	
  



Horizon	
  2020	
  
FEL	
  Electron	
  Beam	
  Requirements	
  	
  

P.	
  A.	
  Walker	
  (DESY)	
  -­‐	
  IPAC	
  2017	
  -­‐	
  Copenhagen,	
  16th	
  May	
  2017	
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SPARC_LAB	
  HB	
  photo-­‐	
  injector	
  

55	
  m	
  







X-­‐band	
  Linac	
  	
  

1.2	
  m	
  
2.2	
  m	
  

Es<mated	
   waveguide	
   aIenua*on	
  
(including	
  circular	
  waveguide):	
  10%	
  

Preliminary	
  layout	
  of	
  the	
  RF	
  module	
  (collabora<on	
  with	
  CERN):	
  
8	
  structures,	
  1	
  SLED,	
  1	
  or	
  2	
  Klystrons	
  per	
  module.	
  

WR-­‐90	
  total	
  length	
  
[mm]	
   3758	
  

WC-­‐50	
  circular	
  wg	
  
length	
  [mm]	
   3674	
  

WR-­‐90	
  loss	
  [dB]	
   -­‐0.368	
  
WC-­‐50	
  loss	
  [dB]	
   -­‐0.0456	
  

total	
  loss	
  [dB]	
   -­‐0.414	
  
total	
  loss	
  [%]	
   -­‐9.09	
  



MODULATOR	
  HALL	
  

LINAC	
  HALL	
  

X-­‐Band	
  LINAC	
  parameters	
  

total	
  ac<ve	
  length	
  Lt	
   16	
  m	
  

Number	
  of	
  sec<ons	
  Ns	
   32	
  (4	
  modules	
  x	
  8	
  sec<ons)	
  
	
  

available	
  RF	
  power	
  
50	
  MW	
  (@klystron	
  output	
  coupler)	
  
40	
  MW	
  (@	
  sec<on	
  input	
  couplers)	
  

PWFA	
  final	
  energy	
   1	
  GeV	
  	
   5	
  GeV	
   >	
  5	
  GeV	
  

linac	
  energy	
  gain	
  ΔWlinac	
   480	
  MeV	
   910	
  MeV	
   1280	
  MeV	
  

average	
  	
  acc	
  gradient	
  <Eacc>	
   30	
  MV/m	
   57	
  MV/m	
   80	
  MV/m	
  

total	
  required	
  RF	
  power	
  PRF	
   44	
  MW	
   158	
  MW	
   310	
  MW	
  

KLYSTRON	
  

SLED	
  

MODE	
  CONVERTER	
  

CIRCULAR	
  WAVEGUIDE	
  

1	
  klystron	
  x	
  LINAC	
  Module	
  

MODE	
  CONVERTER	
  

KLYSTRON	
  1	
  

SLED	
  

MODE	
  CONVERTER	
  

CIRCULAR	
  WAVEGUIDE	
  

2	
  klystrons	
  x	
  LINAC	
  Module	
  

MODE	
  CONVERTER	
  

KLYSTRON	
  2	
  



Plasma	
  WakeField	
  Accelera<on	
  

driver	
   witness	
  

55	
  m	
  

Capillary	
  discharge	
  at	
  SPARC_LAB	
  



PWFA vacuum chamber at SPARC_LAB  
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Plasma module

This scheme can be reproduced for tens-of-centimetre capillaries. This single unit can be 
integrated simply by adding more units obtaining up to tens of centimetre capillaries 
homogenously ionized and controlled independently one to each other, leading to the 
desired length of plasma (almost 30 cm) with the proper density (1017 cm-3) required for 
this project.




Driver S2E 




Witness S2E 




Plasma Exit: Rolling Slice analysis


Ls =
λr

2 3ρ
≈ 1 µm       







Undulators	
  

40	
  m	
  

	
  KYMA	
  Δ	
  udulator	
  at	
  SPARC_LAB:	
  	
  λ=1.4	
  cm,	
  K1	
  	
  



FEL Simulations (Genesis)






Towards 5 GeV









Thank for your attention

Components 
Phase 1 

Cost 
k€ 

Partial Cost 
k€ 

S-band Injector  4,000  

4 X-band Linac modules 11,000  

Beam diagnostics 1,500  

LLRF & Synch. 1,400  

Control System 600  

Total RF Linac  17,100 

Plasma module and diagnostics 500  

Plasma beam line 500  

Total plasma module  1,000 

 

PWFA Cost estimate - 5 GeV



Thank for your attention


