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Correlations and Synchrony in Threshold Neuron Models

Why study spike correlations?

Correlated neural activity

A Influences population encoding and decoding?2

A |s a basis for Hebbian learning?®
A Can reflect specific features of sensory stimuli or
behavioral tasks*»

1 L.F. Abbott and P. Dayan., Neural Comput, 11(1):917 101, (1999)

2 M. Shamir and H. Sompolinsky, Neural Comput., 16:1105i 1136, (2004)
3 P. Dayan and L. Abbott, MIT press, 2001

4 Panzeri, S. et al., Vis. Cogn. 8, 5311 547 (2001)

5 Romo, R. et al., Neuron, 38, 6491 657 (2003)

21/08/2009 Tchumatchenko, Malyshev, Geisel, Volgushev, Wolf



Correlations and Synchrony in Threshold Neuron Models

The key question

?
Input =  Output spike
correlations correlations
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Experimental findings

Voltages are temporally correlated and can be assumed Gaussian 12

Pairwise cross correlations are typically weak 3

Spike correlations can be firing rate dependent 34>

Spike correlations with or without evidence of direct connections can be asymmetric ©

Temporal width of spike correlations can be significantly smaller than the width of the
correlations of the underlying membrane potentials ©
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Open questions

A What determines pairwise spike correlations?

A How is temporal structure of input currents reflected in the spike
correlations?

A What is the correlation structure in a pair with different firing rates?
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A What determines pairwise spike correlations?

Weak correlations: firing rate, correlation strength and correlation time
Strong correlations: correlation time and correlation strength

A How is temporal structure of input currents reflected in the spike
correlations?

Reflected only in the weak correlations
Mixture of voltage correlation time and its second derivative
Temporal width of spike correlations is firing rate dependent

A What is the correlation structure in a pair with different firing rates?
Spike correlations are asymmetric
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Statistical framework

e V(1) is a stationary continuous random Gaussian process
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o Spike = positive threshold crossing of V()
e \Voltage correlation function:

o Stationary firing rate:
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