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Reach	
  of	
  the	
  local	
  field	
  potential

• Cylindrical	
  population	
  of	
  neurons
• Fixed	
  radius	
  R	
  =	
  1	
  mm
• LFP	
  recorded	
  in	
  the	
  middle
• Which	
  part	
  of	
  the	
  population	
  gives	
  
95%	
  of	
  the	
  LFP	
  power?	
  (=	
  !"#$%)

• Morphologically	
  detailed,	
  
noise-­‐driven	
  neurons

r
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Reach	
  depends	
  on	
  cell	
  morphology,	
  stimulation	
  patterns,	
  input	
  correlations	
  cin.
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Figure 1. The reach of LFP recordings (A) Sketch of model setup. If cells are placed in a
cylindrical volume V , how is the amplitude σ of the LFP signal expected to increase with the
radius R of the cylinder? (B) Different neuronal current source density distributions give different
distance dependence in the electric potential; monopoles (point sources) decrease as r−1 (red)
whereas dipoles scale as r−2 (blue) as described by the shape function f(r). (C) In a disk-like
population the number of cells N(r) at distance r increases approximately linearly with r. (D)
Results from the simplified model; the amplitude σ of the compound LFP signal depends on the
single-cell decay described by f(r) and the level of correlation cφ between single cell LFP
contributions (cφ=0 : solid lines, cφ=1 : dashed lines).
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Results:	
  reach	
  depends	
  on	
  frequency

Dendritic	
  filtering

Distribution	
  of	
  return	
  current	
  (red)	
  for	
  layer	
  5	
  pyramidal	
  neuron.	
  
Sinusoidal	
  current	
  injected	
  at	
  the	
  position	
  marked	
  by	
  black	
  arrow.
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• Low-­‐pass	
  filtering	
  in	
  dendrites
• Return	
  current	
  more	
  local	
  for	
  high-­‐frequency	
  input	
  current
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Effects	
  of	
  dendritic	
  filtering	
  on	
  population	
  LFP

Power	
  spectra

Lines	
  show	
  regions	
  which	
  contribute	
  95%	
  power	
  at	
  given	
  frequency
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LFP	
  power:	
  small	
  effects	
  for	
  single	
  cell	
  and	
  uncorrelated	
  population,
large	
  effects	
  on	
  correlated	
  population	
  –	
  low-­‐frequency	
  signal	
  reaches	
  further.
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• Reach	
  depends	
  on	
  input	
  correlation	
  
and	
  frequency	
  band	
  

• Reach	
  increases	
  with	
  input	
  correlation
• Reach	
  of	
  low-­‐frequency	
  signal	
  increases	
  
first,	
  then	
  reach	
  of	
  high-­‐frequency	
  signal	
  

• Large	
  differences	
  in	
  reach	
  for	
  
intermediate	
  correlation	
  levels
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Local	
  field	
  potential	
  –	
  the	
  low-­‐frequency	
  part	
  of	
  the	
  extracellular	
  electric	
  potential	
  –	
  is	
  
a	
  signal	
  commonly	
  used	
  to	
  study	
  activity	
  of	
  neural	
  populations.	
  But	
  how	
  large	
  are	
  the	
  
populations	
  contributing	
  to	
  the	
  signal	
  at	
  a	
  given	
  point?	
  Here	
  we	
  consider	
  whether	
  the	
  
answer	
  depends	
  on	
  the	
  frequency	
  band.

One	
  source	
  of	
  frequency-­‐dependence	
  is	
  the	
  spatial	
  range	
  of	
  correlations	
  in	
  the	
  neuronal	
  
dynamics,	
  which	
  may	
  be	
  different	
  in	
  different	
  frequency	
  bands.	
  
However,	
  also	
  the	
  dendritic	
  filtering,	
  which	
  stems	
  from	
  the	
  properties	
  of	
  the	
  cable	
  
equation,	
  contributes	
  to	
  the	
  frequency-­‐dependence	
  of	
  the	
  spatial	
  range	
  of	
  the	
  LFP.

Question:	
  does	
  the	
  reach	
  of	
  LFP	
  depend	
  on	
  frequency?
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