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There	  are	  two	  halves	  to	  the	  resonant	  wave-‐par0cle	  
interac0on:	  
	  
1.	  Influence	  of	  the	  wave	  on	  the	  resonant	  par0cles	  	  	  
	  
2.	  	  Influence	  of	  the	  resonant	  par0cles	  back	  on	  the	  wave	  
	  
We	  will	  focus	  on	  the	  second	  half	  of	  the	  interac0on	  
(usually	  described	  through	  a	  dispersion	  rela0on)	  
	  



Landau	  damping	  of	  Langmuir	  wave	  in	  a	  Vlasov	  
plasma	  

f(v)

w/k v

resonant
electrons

non-resonant
electrons

( )

δE(x,t) = δEk (t)exp(ikx)+C. C.

δEk (t) = δEk
non−res (t)+δEk

res (t)
                 ↓                  ↓

    -4πeδnk
non−res (t)
ik

    -4πeδnk
res (t)

ik



The	  Wave	  Oscillator	  Equa0on	  follows	  
From	  the	  linearized	  fluid	  equa0ons	  and	  
Poisson’s	  equa0on	  for	  the	  non-‐resonant	  
electrons.	  	  
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δEk
res (t) drives the wave oscillator

resonantly because the resonant particles
move at the wave phase velocity.  
Introduce slowly varying amplitudes.
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δ xk (t) = δ !xk (t)exp[−iω kt]

To	  lowest	  order	  in	  small	  number	  of	  
resonant	  par0cles,	  we	  obtain	  the	  result:	    
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From	  the	  the	  linearized	  Vlasov	  equa0on	  and	  the	  Plemelj	  formula	  we	  
obtain	  the	  	  result:	  
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Landau	  damping	  rate	  

Linear	  Landau	  damping	  
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Landau	  damping	  of	  a	  diocotron	  mode	  in	  a	  nonneutral	  
plasma	  column	  (	  ExB	  driQ	  dynamics	  )1,2	  
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The	  linearized	  con0nuity	  equa0on	  and	  Plemelj	  
formula	  imply	  the	  following:	  
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Davidson	  
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For	  the	  l=1	  mode,	  the	  self-‐consistent	  mode	  poten0al	  and	  density	  perturba0on	  are	  
known	  analy0cally	  for	  any	  monotonically	  decreasing	  density	  profile	  that	  is	  zero	  at	  
the	  wall:	  
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The	  calcula0on	  of	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  involves	  nonlinear	  	  ExB	  
driQ	  orbits,	  mobility	  and	  diffusion	  [	  Chim	  and	  O’Neil,	  Physics	  of	  Plasmas	  (2016)	  ]	  
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The	  effec0ve	  exponen0al	  damping	  
rate	  for	  the	  algebraic	  damping	  is	  very	  
large	  at	  small	  values	  of	  D.	  
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