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Introduction

• Criticality in living systems is an appealing hypothesis which has been
explored the last few decades [1]. However, traditional statistical me-
chanics tools struggle to deal with natural systems challenges, such as
subsampling and the absence of an explicit model.

• Meshulam et al. [2] recently presented a phenomenological renormal-
ization group approach to this issue, which was further tested in compu-
tational models by Nicoletti et al. [3].

• The renormalization group intuition is that, at criticality, the collective
dynamics of the system is not sensitive to most microscopic details.
Thus, by successively coarse-graining our description, we may be able
to describe it by simpler models, determined by just a few “relevant op-
erators” , which come from features of the system such as its symmetries
and embedding dimension.

• Here: We apply the aforementioned coarse-graining procedure on
our silicon probe data from neurons in the V1 region of the rat vi-
sual cortex under urethane anesthesia. we show that, not only the
scaling relations typical of systems at criticality are found, but also
depend on the system’s current state of spiking variability.

Methods

Figure 1: The coarse-graining procedure consists of recursively pairing up the most cor-
related units. At the k-th iteration, the coarse-grained variables are clusters composed of
the sum of Csize = 2k neurons.

• Mean variance of coarse-grained variables: M2(Csize) ∝ Cα
size

• Probability of silence in a cluster: − log(Psilence)(Csize) ∝ C
β
size

• Covariance matrix eigenvalues (intracluster): λr ∝ (Csize
rank)

µ

• Mean autocorrelation decay time: τc(Csize) ∝ Cz
size

• Kurtosis from momentum space coarse-grained variables activity distri-
bution

Results

Figure 2: Scaling relations obtained from the coarse graining procedure.

Figure 3: Activity Distibution from (A) real space and (C) momentum space coarse-
grained variables. Associated surrogate data on (B, D)

Criticality signatures depend on cortical state

Figure 4: (A) Coefficient of variability (CV) over time. (B) Example raster plot for dif-
ferent CV values. (C) Momentum space activity distribution parsed by CV quantiles. (D)
Distribution Kurtosis versus CV

Figure 5: Trial by Trial exponent values for each scaling relation in fig.2 as a function
of activity distribution kurtosis. Surrogate data in grey.

Conclusions
• The coarse-graining procedure is able to consistently output scaling re-

lations and non-gaussian distributions from real data, even under signif-
icant subsampling conditions;

• CV parsing of the data shows that these criticality signatures, albeit
present when we average sufficiently long time windows, might be ab-
sent in particular, shorter periods of time.

• This closer inspection of the data’s state dependent structure allows us
to capture the system continuously entering and leaving criticality;

• This method does not point to a ”critical CV” region at an intermediate
value, as previously hypothesized [4].
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