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Assemblies of synchronized neuronsAssemblies of synchronized neurons

Assemblies of synchronized neurons have been 
observed in a variety of neural systems (e.g. Harris, 2003; 
Plenz & Aertsen, 1996; Wehr & Laurent, 1996).

These neural assemblies are thought to encode sensory 
information or store short-term memories.

This phenomenon is reminiscent of the formation of 
clusters in models of coupled phase oscillators (e.g. 
Kuramoto, 1986; Golomb et al., 1992; Crawford, 1995)
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Phase response in Phase response in mitralmitral cellscells

R. F. Galán et al (2005) Phys. Rev. Lett.
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resonance

R. F. Galán et al., in preparation
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ExcitatoryExcitatory connectionsconnections

InhibitoryInhibitory connectionsconnections
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Continuum approximation in homogenous networks
of phase oscillators (N→∞, ωij=ω, Jij=J, Hi=H)

Continuity equation for the oscillator density, ρ
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The linearization of the continuity equation around
an initial uniform state reads:

whose solutions are associated with the eigenvalues:
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Unstable mode for excitatory synapses



Symmetry breaking and emergence Symmetry breaking and emergence 
of synchronized assembliesof synchronized assemblies

( )( ) ( ) cos sinn n
n

PRC H C n S nθ θ θ θ≈ = +∑

n = 0 n = 1 n = 2 n = 3

Cn 0.1135 0.1775 -0.2560 -0.1734

Sn 0 -0.3158 -0.1878 0.1300

Unstable modes for inhibitory synapses
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Experimental estimation of Experimental estimation of phasephase--response curvesresponse curves in in 
mitralmitral cells reveals type II excitability (resonators)cells reveals type II excitability (resonators)

Higher order harmonics of the phaseHigher order harmonics of the phase--response curve response curve 
are necessary for the formation of more than one are necessary for the formation of more than one 
synchronized neural assembliessynchronized neural assemblies

Positive sine coefficients break the symmetry of the Positive sine coefficients break the symmetry of the 
homogeneous state leading to homogeneous state leading to cluster formationcluster formation

Inhibitory interactionsInhibitory interactions between between mitralmitral cells lead to the cells lead to the 
formation of a dominant synchronized neural assembly formation of a dominant synchronized neural assembly 
in the in the gamma frequency bandgamma frequency band
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The formation of synchronized neural assemblies does The formation of synchronized neural assemblies does 
notnot require shortrequire short--term term plasticityplasticity

Alternatively, synchronized assemblies may emerge Alternatively, synchronized assemblies may emerge 
from a from a symmetry breakingsymmetry breaking transition determined by the transition determined by the 
neural phase response neural phase response 

Equidistant oscillator clusters may account for different Equidistant oscillator clusters may account for different 
frequency bandsfrequency bands (gamma band (gamma band ≈≈ 2 2 ⋅⋅ beta band)beta band)

Do cell assemblies represent a Do cell assemblies represent a neural codeneural code, or are they a , or are they a 
byby--product of the network connectivity?product of the network connectivity?
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