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  Accelerators	
  Fermi PeV Accelerator
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Plasma	
  accelerator	
  driven	
  by	
  beam	
  
	
  
Collec6ve	
  force	
  ~N2	
  	
  (	
  ç	
  linear	
  force	
  ~N)	
  
Coherent	
  and	
  smooth	
  structure	
  
	
  
	
  
•  Plasma	
  accelerator	
  driven	
  by	
  laser	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ß[Fermi’s	
  challenge	
  for	
  PeV	
  accelerator]	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  compac6fica6on	
  by	
  103	
  –	
  104	
  	
  (	
  even	
  by	
  106	
  )	
  over	
  conven6onal	
  accelerators	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  enabled	
  by	
  laser	
  technology	
  (intense	
  ultrafast	
  laser	
  compression)	
  

•  Cosmic	
  manifesta6on	
  of	
  laser	
  wakefield	
  accelera6on	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ß[beyond	
  the	
  applicability	
  of	
  Fermi’s	
  Stochas6c	
  Accelera6on]	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  AGN	
  (ac6ve	
  galac6c	
  nuclei)	
  disk-­‐jet	
  system:	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  nature’s	
  preferred	
  wakefield	
  accelerators;	
  telltale	
  signature	
  phenomena	
  observed	
  

•  Beam-­‐driven	
  wakes	
  in	
  plasma	
  enhance	
  fusion	
  reac6ons	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ß[from	
  Fermi’s	
  neutron-­‐driven	
  fission	
  reac6on	
  (the	
  Chicago	
  pile)	
  to	
  beam-­‐	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  plasma	
  wake	
  enhancement	
  of	
  fusion	
  reac6on]	
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Wave breaks at v c No wave breaks and wake peaks at v!c 

relativity 
       regularizes 
(relativistic coherence)
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Relativistic coherence enhances beyond the Tajima-Dawson field E = m!pc /e  (~ GeV/cm)  
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Collective acceleration suggested: 
      Veksler (1956, CERN) 
Driven by electron beam 
(ion energy)~ (M/m)(electron energy) 

Many experimental attempts 
of plasma acceleration (~60’s -’70s, 
Rostoker’s lab UCI included) 
    led to no such amplification 
(ion energy)~ (2!+1)x(electron) +1)x(electron) +1)x(electron) Mako-Tajima (UCI) analysis (1978;1984) 

   sudden acceleration, ions untrapped, 
   electrons return, while some run away   
" #1 gradual acceleration necessary 
 

 " Tajima-Dawson (1979, UCLA) wakefield 
 #2 electron acceleration possible  
      with trapping (with the Tajima-  
      Dawson field) with laser, more tolerant for        
      sudden process 

]?%]1L981(%

I?%J*D9/-%            Target Normal Sheath Acceleration  
   laser-driven ion acceleration (LLNL,2000) 
   sudden acceleration, ions untrapped  



Enabling	
  technology:	
  laser	
  revolu2on	
  

G.	
  Mourou	
  invented	
  Chirped	
  Pulse	
  Amplifica6on	
  (1985)	
  
Laser	
  intensity	
  exponen6ated	
  since,	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  to	
  match	
  the	
  required	
  intensity	
  for	
  Tajima-­‐Dawson’s	
  LWFA	
  (1979)	
  



 Laser-driven Bow and Wake 

Bow Wave

Wake Wave

(Bulanov, Esirkepov) 
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Nature’s	
  LWFA	
  :	
  Blazar	
  jets	
  
	
  	
  	
  	
  	
  	
  	
  	
  extreme	
  high	
  energy	
  cosmic	
  rays	
  (~1021	
  eV)	
  
	
  	
  	
  	
  	
  	
  	
  	
  episodic	
  γ-ray	
  bursts	
  observed	
  
consistent	
  with	
  LWFA	
  theory	
  
	
  
	
  
Ebisuzaki-­‐Tajima	
  (2014);	
  Canac,	
  Abazajian,	
  Tajima(2015)	
  

Fermi’s	
  ‘Stochas2c	
  Accelera2on’	
  
	
  	
  (large	
  synchrotron	
  radia6on	
  loss)	
  
	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ê 
	
  
Coherent	
  wakefield	
  accelera2on	
  
	
  	
  	
  (no	
  limita6on	
  of	
  the	
  energy)	
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$! TAE hydrogen beam-driven FRC deuteron plasma: fusion reactivity 
enhanced by 100 -1000 over thermonuclear expected value, when 
beam is sufficiently strong!

$! Beam-driven plasma wakes can enhance fusion!
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Conclusions	
  
•  Demonstrated:	
  Using	
  ultrafast	
  pulses	
  (of	
  laser	
  or	
  
par6cle	
  beams),	
  coherent	
  collec6ve	
  (robust)	
  
wakefield	
  (GeV/cm)	
  excitable	
  

•  Applica6ons:	
  ultrafast	
  radiolysis,	
  intraopera6ve	
  
electron	
  therapy,	
  compact	
  X-­‐ray	
  sources/XFEL,….	
  

•  Wakefield	
  accelera6on:	
  Nature’s	
  natural	
  
accelerators	
  to	
  EHECR,	
  gamma	
  ray	
  bursts	
  

•  Beam-­‐driven	
  wakes	
  in	
  FRC:	
  	
  enhance	
  fusion	
  
reac6vity	
  

	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Grazie!	
  


