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Outline 

•  High	
  energy	
  plasma	
  injector	
  for	
  CEPC	
  (circular	
  
electron	
  positron	
  collider)	
  	
  

•  PWFA	
  driven	
  FEL	
  test	
  facility	
  based	
  on	
  SXFEL	
  
in	
  Shanghai	
  



Background:	
  CEPC 

CDR (Acc.) International Review @ 2018.6.28-6.30 & Final Released @ 2018.9.2  
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   CEPC	
  plasma	
  injector	
  concept	
  design（V2.0） 



n  Working out a conclusion on the feasibility of plasma injector for 45GeV energy.  

n  If feasible, presenting a technology design with as much as possible details.  

n  Meantime, also working on the feasibility study of a full energy plasma injector at 

120-180GeV  

Key Issue to address： 

ü  Driver/ Trailer design：large charge(10+ nC) shaped bunch generation 

ü  Plasma source：meter-10meter scale uniform/hollow plasma source  

ü  High transformer ratio high efficiency electron acceleration 

ü   Stable high efficiency positron acceleration in electron beam driven PWFA  

ü  Staging between different accelerators  

   CEPC	
  Plasma	
  Injector/Overall	
  Goal 
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 Positron	
  AcceleraBon	
  Scheme	
  2	
  (Stable	
  mode) 

n  Energy efficiency ~ 40% 

n  Slice energy spread ~1%（to be 

optimized） 

n  Tolerable emittance growth  

n  High tolerance on beam tilt and offset 

n  debuncher + dechirper to reduce 

energy spread down to 0.2% 

e-­‐,	
  shaped	
  &	
  evolved	
  
3-­‐4nC,	
  45GeV 

e+	
  
1.2nC,	
  2/4GeV 

Hollow	
  Plasma	
  Channel e+	
  
1nC,	
  45GeV 
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Plasma	
  dechirper	
  for	
  reducing	
  energy	
  
spread	
  down	
  to	
  ~0.1% 

n  Hollow channel dechriper has 
reached 0.1% without emittance 
growth  

Energy spread reduction down to 0.2% level 
 

AAC 2018, Plenary  



~100%	
  coupling	
  efficiency	
  from	
  Linac	
  to	
  
LWFA	
    

external injection 
with ~100% 
capture efficiency  
 



S.	
  Huang	
  et	
  al.,	
  IPAC	
  proceeding	
  2017 

PWFA	
  based	
  FEL	
  study	
  in	
  China	
   

SXFEL	
  	
  Facility	
  in	
  Shanghai 



A	
  test	
  facility	
  based	
  on	
  SXFEL	
   



PART	
  1 
Where	
  do	
  you	
  see	
  HEP	
  applicaYons	
  of	
  advanced	
  accelerators	
  in	
  30	
  years? 
  
An	
  electron/positron	
  circular	
  collider	
  with	
  a	
  high	
  energy	
  plasma	
  based	
  injector	
  (~120-­‐180GeV).	
  
A	
  study	
  is	
  underway	
  in	
  China	
  to	
  explore	
  this	
  possibility. 
  
What	
  intermediate	
  physics	
  applicaYons/steps	
  do	
  you	
  see	
  unYl	
  a	
  HEP	
  linear	
  collider?	
  
 
For	
  collider	
  applicaYon,	
  a	
  high	
  energy	
  plasma	
  based	
  injector	
  for	
  a	
  circular	
  collider	
  like	
  CEPC.	
   
For	
  other	
  applicaYons,	
  at	
  the	
  large	
  facility	
  scales,	
  coherent	
  FEL	
  light	
  sources	
  based	
  on	
  compact	
  
LWFA/PWFA	
  electron	
  accelerators	
  can	
  become	
  one	
  important	
  candidate	
  for	
  the	
  fi`h	
  generaYon	
  
light	
  sources.	
  At	
  smaller	
  scales	
  on	
  a	
  table	
  top,	
  compact	
  laser	
  driven	
  sources	
  (Betatron、
Compton、electron、ions、THz	
  etc	
  )	
  can	
  find	
  various	
  applicaYons.	
   
  
What	
  is	
  the	
  synergy	
  with	
  related	
  fields? 
The	
  key	
  technologies	
  developed	
  for	
  HEP	
  applicaYons,	
  such	
  as	
  high	
  average	
  power	
  drivers	
  and	
  
plasma	
  sources	
  can	
  first	
  be	
  applied	
  for	
  a	
  compact	
  light	
  source	
  with	
  reduced	
  challenges.	
  
	
  
What	
  is	
  the	
  role	
  of	
  your	
  work	
  here? 
We	
  are	
  exploring	
  the	
  possibility	
  of	
  a	
  high	
  energy	
  plasma	
  based	
  injector	
  for	
  circular	
  electron/
positron	
  collider	
  (CEPC).	
  This	
  is	
  a	
  joint	
  effort	
  between	
  IHEP,	
  Tsinghua	
  University	
  and	
  several	
  
other	
  insYtutes	
  in	
  China,	
  with	
  a	
  goal	
  to	
  reach	
  a	
  viable	
  physical	
  design	
  in	
  about	
  5	
  years,	
  and	
  also	
  
develop	
  relevant	
  key	
  technologies	
  required	
  in	
  a	
  longer	
  Yme	
  scale.	
   
  



PART	
  2 
What	
  are	
  the	
  important	
  milestones	
  for	
  the	
  next	
  10	
  years	
  to	
  get	
  there	
  from	
  today? 
  
	
  Three	
  key	
  milestones:	
   
Stable	
  high	
  transformer	
  raYo	
  (3-­‐10)	
  PWFA	
  with	
  high	
  efficiency	
  and	
  low	
  energy	
  spread. 
Stable	
  positron	
  acceleraYon	
  with	
  high	
  efficiency	
  and	
  low	
  energy	
  spread	
  in	
  an	
  electron	
  
beam	
  driven	
  PWFA. 
  
Large	
  charge	
  electron/positron	
  external	
  injecYon	
  into	
  a	
  LWFA/PWFA	
  at	
  high	
  energy	
  
with	
  near	
  100%	
  coupling	
  efficiency	
  .	
   
  
What	
  addiYonal	
  support	
  is	
  needed	
  to	
  achieve	
  these? 
A	
  test	
  facility	
  with	
  capabiliYes	
  beyond	
  FACETII.	
   
  
What	
  should	
  be	
  proposed	
  as	
  deliverables	
  unYl	
  2026?	
  Please	
  list	
  in	
  order	
  of	
  priority. 
  
Stable	
  high	
  transformer	
  raYo	
  (3-­‐5)	
  PWFA	
  with	
  high	
  efficiency	
  and	
  low	
  energy	
  spread. 
  
Is	
  the	
  R&D	
  work	
  for	
  each	
  of	
  those	
  deliverables	
  already	
  funded	
  and,	
  if	
  not,	
  what	
  
addiYonal	
  resources	
  /	
  support	
  would	
  be	
  needed? 
It	
  is	
  parYally	
  supported	
  in	
  the	
  test	
  facility	
  based	
  on	
  SXFEL	
  at	
  Shanghai.	
   



Thank	
  you	
  for	
  your	
  ajenYon!	
   


