
We analyze optogenetic recordings of thousands of neurons in the visual cortex of a
behaving mice[1], to study the scaling of the spatial and temporal correlations of the
neuronal activity with observation size and its mutual relation, known as dynamic
scaling.

For spatial correlations we explore three different approaches: the Connected
Correlation Function[2,3] on both the continuous signals and the related point process,
and the Spatial Counting Statistics, related to the radial distribution function[4].
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What is all about

In previous work, it was reported that the brain activity spatial correlations scale
with system or observation window size[3]. Here we test for dynamic scaling, i.e.,
whether the temporal correlations (of a collective quantity) scale as a power law of
the spatial correlation length, as in some cases of critical phenomena.

● The correlation lengths obtained from C(r), Cp(r), and G(r) show similar
behavior.

● For all measures, ξ0 is a linear function of W.
● The correlation time τ seems to be a power law function of W.
● In some cases C(t,W) collapses as a function of renormalized time t/τ.
● The results, which are similar for all planes and each of the mice, are

consistent with the dynamical scaling [2] exhibited by systems near the critical
point[5].
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We compute the dependance of the correlation length and the correlation time with
window size W, for all mice, averaged over all planes for each mice.

Figure 1. (A) Experimental setup: head-fixed mouse
can run on a spherical treadmill while brain activity is
recorded via multiplane Ca2+ optogenetic imaging [1].
(B) Typical probability distribution of the time series of
the signal, after normalization by its mean (μ). A
threshold of ten times μ is used to define the point
process PP. (C) Examples of the time series of the
signal. (D) Process point extracted from (C).

We analyze Ca2+ imaging
data recorded by
Stringer et al.[1] in the
visual cortex of a mouse
not receiving any
particular stimulation.
Data from 11 planes,
from 70 to 420 μm, of
approx. 1 mm² area.
Sampling rate is 3Hz, for
21055 frames.

From the de-convolved
Ca2+ signal of each
neuron Si(t), we extract a
point process Pi(t).

● Spatial Connected Correlation Function (C(r))
Where ui=Si(t)-s(t) (s(t) is the instantaneous spatial average).
Overline is time average.

● Connected Correlation of the Point Process (C(r))
Equivalent to C(r) for the Pi(t) signal.

● Spatial Counting Statistics (G(r))
𝝆/𝝆a is the total/active density ratio and
N/Na total/active number of neurons.

● Time Correlations (C(t,W))
Nw is the number of windows.
The fluctuations of S are taken from the time average of each neuron’s signal.
The correlation time τ is defined as the inverse of the frequency 𝝂 such that half the area of
the Fourier transform of C(t,W) is contained in [-𝝂,𝝂]

We perform the following computations for each plane of each mouse data, over
windows of increasing size W:

Figure 2. Upper panels: Examples of the connected correlation function for the continuos
signal C(r) and for the point process, CP(r), and the spatial counting statistic G(r) (data from a
single mouse and plane). Lower panels: Correlation length ξ0 (computed as the zero crossing
of C(r), CP(r) or G(r)-1) vs. W for all planes of the same mouse.

Figure 3. Left: Time
correlation function for
different window sizes
W. Right: correlation
time as a function of W
computed on different
planes.

Figure 4. (A) ξ0 computed from C(r), vs. W (averages for each mice). The inset shows the same
results in log-linear axis. (B) Correlation time τ vs. W, after subtracting trivial rate-related
correlations (the inset shows the correlation time of a single neuron as a function of it’s mean
activity).
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