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  Why	
  staged	
  LPA	
  is	
  necessary	
  

  Staging	
  experiment	
  at	
  LOASIS	
  Program,	
  LBNL	
  

  Ini7al	
  experimental	
  results	
  on:	
  

  Injec7on	
  module	
  

  Plasma	
  mirror	
  for	
  coupling	
  laser	
  pulses	
  

  Accelera7on	
  module	
  

  Summary	
  



Energy	
  gain	
  in	
  a	
  single	
  stage	
  LPA	
  is	
  limited	
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• 	
  Rela7vis7c	
  e-­‐	
  outrunning	
  the	
  plasma	
  wave	
  

• 	
  Driving	
  laser	
  loses	
  energy	
  to	
  plasma	


Ldepletion

Ldephasing

decrease 
with increasing a0

increase
with increasing a0

Dephasing:	


Depletion:	
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• 	
  Rela7vis7c	
  e-­‐	
  outrunning	
  the	
  plasma	
  wave	
  

• 	
  Driving	
  laser	
  loses	
  energy	
  to	
  plasma	


Total	
  energy	
  gain	
  is	
  limited:	


€ 

ΔW = eE zLacc
∝ f(a) 1ne

Op7mal	
  accelera7on	
  length	
  ~	
  Ld	
  ~	
  Lpd	
Linear (a0 << 1): 
Ld << Lpd, no injection	


Quasi-linear (a0 ~ 1): 
Ld ~ Lpd, no injection	


Non-linear (a0 >> 1): 
Ld ~ Lpd, self-trapping	


Ldepletion

Ldephasing

decrease 
with increasing a0

increase
with increasing a0

Dephasing:	


Depletion:	




Staging	
  experiment	
  requires	
  precision	
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  Advantages:	
  
-  Staged	
  LPA	
  can	
  supply	
  fresh	
  laser	
  pulses	
  	
  

-  Separate	
  injec7on	
  and	
  accelera7on	
  

  Challenges:	
  
-  Laser	
  spa7al	
  overlap	
  ~um	
  

-  Temporal	
  overlap	
  ~	
  fs	
  

-  Two	
  capillary	
  +	
  plasma	
  mirror	
  opera7on	
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Experimental	
  setup	
  installed	
  and	
  ready	
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TREX	
  laser	
  	
  
 	
  Ti:Sapphire	
  laser	
  (λ	
  =	
  805	
  nm)	
  
 	
  Peak	
  power	
  40TW	
  
 	
  Op7mum	
  compression	
  40	
  fs	
  
 	
  Rep.	
  rate	
  1	
  Hz	
  	


New	
  beamline	
  for	
  staging	
  experiment	
  completed	
  in	
  Nov	
  2011	
  	

First	
  high	
  power	
  laser	
  opera7on	
  in	
  April	
  2012	
  

Interac7on	
  chamber	
  and	
  
beam	
  transport	
  chambers	


High	
  power	
  laser	
  
diagnos7cs	


Electron	
  
spectrometer	


Electron	
  
beam	
  dump	


Staging	
  capillaries	


~	
  3	
  cm	




Electron	
  injected	
  -­‐-­‐	
  Op7miza7on	
  in	
  progress	
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Injec7on	
  module	


Capillary	
  200um	
  	

Jet	
  600um	


Jet	
  density	
  profile	
  
characterized	


  Gas	
  jet	
  implemented	
  to	
  control	
  injec7on	
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A. J Gonsalves et al., Nature Physics 7 (2011) 

Stable injection at 1.4 J (a0~1.5)	


Q	
  ~	
  1	
  pC	
  
E	
  ~	
  340	
  MeV	
  
ΔE/E	
  ~	
  5%	
  
σθ	
  ~	
  1	
  mrad	




Electron	
  injected	
  -­‐-­‐	
  Op7miza7on	
  in	
  progress	
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Injec7on	
  module	


Capillary	
  200um	
  	

Jet	
  600um	


Jet	
  density	
  profile	
  
characterized	


  Gas	
  jet	
  implemented	
  to	
  control	
  injec7on	
  

Q	
  ~	
  0.15	
  pC	
  
E	
  ~	
  220	
  MeV	
  
ΔE/E	
  ~	
  15%	
  
σθ	
  ~	
  1.4	
  mrad	


Charge density [nC/SR/(MeV/c)]	
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Stable injection at 1.4 J (a0~1.5)	


Q	
  ~	
  1	
  pC	
  
E	
  ~	
  340	
  MeV	
  
ΔE/E	
  ~	
  5%	
  
σθ	
  ~	
  1	
  mrad	


Injection at 1 J (a0 ~ 1.3)	




Plasma	
  mirror	
  used	
  to	
  reduce	
  coupling	
  distance	
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Lc

plasma
mirror

Lc

conventional
mirror

(a)

(b)
Lc

plasma
mirror

Lc

conventional
mirror

(a)

(b)

  Laser	
  is	
  too	
  intense	
  to	
  use	
  conven7onal	
  op7cs	
  close	
  to	
  focus	
  

Laser	
  coupling	


  Plasma	
  mirror	
  triggers	
  ~	
  Intensity	
  1E14	
  W/cm2	
  

Lc

plasma
mirror

Lc

conventional
mirror

(a)

(b)

(1) (2) (3)

(c)

€ 

nR = 1− ωP
2

ω L
2

Laser	
  ionizes	
  tape	
 Reflec7on	
  at	
  cri7cal	
  surface	


Panasenko, D. et. al., J. Appl. Phys. 108 (2010). 



Tape	
  drive	
  based	
  plasma	
  mirror	
  characterized	
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  Reflec7vity	
  and	
  mode	
  quality	
  op7mized	
  
410 nm

-230 nm

VHSMylar

1.25 mm
0.94 mm

Laser	
  coupling	


RMS = 68 nm	
 RMS = 16 nm	


456 um

Counts x2	


T. Sokollik et al., AIP Conf. Proc. 1299, 233 (2010). 



What	
  is	
  the	
  energy	
  gain	
  expected	
  from	
  2nd	
  module?	
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Op7cal	
  spectra	
  analyzed	
  as	
  wakefield	
  diagnos7c	
  

S. Shiraishi et al., Phys. Plasmas 20 (2013). 
C. Benedetti et al., AIP Conf. Proc. 1299, 250 (2010). 

B. A. Shadwick et al., Phys. Plasmas 16 (2009). 13	
  

  Spectral	
  shins	
  correlates	
  with	
  laser	
  energy	
  transferred	
  into	
  plasmas	
  

Accelera7on	
  module	
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INF&RNO	
  PIC	
  simula0on	
  
a0~1,	
  n0~1.5e18/cm3	
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  uncertainty	
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  INF&RNO	
  PIC	
  simula7on	
  performed	
  to	
  assist	
  in	
  interpreta7on	
  of	
  data	
  

Accelera7on	
  module	
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  INF&RNO	
  PIC	
  simula7on	
  performed	
  to	
  assist	
  in	
  interpreta7on	
  of	
  data	
  

Accelera7on	
  module	


€ 
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Data	
  &	
  Sim.	
  agree	
  within	
  uncertainty	
  



Accelera7on	
  module	
  powered	
  &	
  improvements	
  planned	
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  Good	
  guiding	
  with	
  laser	
  reflected	
  off	
  
plasma	
  mirror	
  

Output	
  mode	


Total	
  transmission	
  ~73%	
  
Plasma	
  mirror	
  ~80%	
  

Guiding	
  ~91%	


Input	
  mode	


  Op7miza7on	
  of	
  wake	
  excita7on	
  in	
  
progress	
  

Input	
  
Output	
  

Laser	
  pulses	
  were	
  modulated	
  from	
  spli?ng	
  process	
  

More	
  efficient	
  wake	
  excita7on	
  expected	
  with	
  
op7miza7on	
  of	
  pulse	
  dura7on	
  	


n0~3.3e18/cm3	


Based	
  on	
  simula7on	
  <Ez>	
  ~	
  1	
  GV/m	
  

Accelera7on	
  module	


(Preliminary)	
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Summary	
  and	
  outlook	
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  E-­‐beam	
  injected	
  in	
  accelera7on	
  module	
  
Op7miza7on	
  for	
  energy	
  spread	
  and	
  shot	
  to	
  shot	
  

fluctua7on	
  in	
  progress	
  



18	
  

Summary	
  and	
  outlook	
  

  Tape	
  drive	
  based	
  plasma	
  
mirror	
  is	
  characterized	
  

Laser	


400	
50	
 MeV/c	


m
ra
d	


-­‐4
	


4	


  E-­‐beam	
  injected	
  in	
  accelera7on	
  module	
  
Op7miza7on	
  for	
  energy	
  spread	
  and	
  shot	
  to	
  shot	
  

fluctua7on	
  in	
  progress	
  



19	
  

Summary	
  and	
  outlook	
  

  Tape	
  drive	
  based	
  plasma	
  
mirror	
  is	
  characterized	
  

  Spectra	
  analyzed	
  to	
  
diagnose	
  wake	
  excita7on	
  

Sp
ec

tr
al

 In
te

ns
ity

 (a
.u

.)
Sp

ec
tr

al
 In

te
ns

ity
 (a

.u
.)

Step towards 
wakefield diagnostic 
in acceleration 
module	


Laser	


400	
50	
 MeV/c	


m
ra
d	


-­‐4
	


4	


  E-­‐beam	
  injected	
  in	
  accelera7on	
  module	
  
Op7miza7on	
  for	
  energy	
  spread	
  and	
  shot	
  to	
  shot	
  

fluctua7on	
  in	
  progress	
  



20	
  

Summary	
  and	
  outlook	
  

  Tape	
  drive	
  based	
  plasma	
  
mirror	
  is	
  characterized	
  

  Good	
  guiding	
  achieved	
  with	
  laser	
  reflected	
  
off	
  plasma	
  mirror	
  Output	
  mode	
Input	
  mode	


Op7miza7on	
  for	
  wake	
  
excita7on	
  in	
  progress	
  

  Spectra	
  analyzed	
  to	
  
diagnose	
  wake	
  excita7on	
  

Sp
ec

tr
al

 In
te

ns
ity

 (a
.u

.)
Sp

ec
tr

al
 In

te
ns

ity
 (a

.u
.)

Step towards 
wakefield diagnostic 
in acceleration 
module	


Staged	
  LPA	
  experiments	
  following	
  the	
  op7miza7ons	
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  E-­‐beam	
  injected	
  in	
  accelera7on	
  module	
  
Op7miza7on	
  for	
  energy	
  spread	
  and	
  shot	
  to	
  shot	
  

fluctua7on	
  in	
  progress	
  




