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How the interplay of 

- Intrinsic neuronal behavior 

- Coupling strength and topology

- Neural noise 

generate extreme events and neuronal avalanches? 

Research question
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Dynamics of globally coupled Hodgkin–Huxley neurons
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Mean field:
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Time (ms)

Single neuron, increasing noise



Dynamics of N=100 identical neurons, when the coupling 

strength increases, keeping constant the noise strength
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Weak coupling: 

incoherent 

spiking activity

Strong coupling: 

spiking activity 

suppressed

Intermediate coupling: synchronized spiking and extreme events

Influence of noise?

Boaretto, Macao and Masoller, Chaos, Solitons and Fractals 194 (2025) 116133



5

Weaker noise Stronger noise



Order parameter: max mean field, max(    )
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Coupling strength Noise strength



How to identify the parameter region where extreme events 

occur?
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Histogram



▪ Interpretation: “quantity of surprise one should 

feel upon reading the result of a measurement ”.
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C. Shannon, "A Mathematical Theory of Communication",

Bell System Technical Journal. 27 (3): 379–423 (1948).

Bell System Technical Journal. 27 (4): 623–656 (1948).

▪ Example: a random variable takes 

values 0 or 1 with probabilities: 

p(0) = p, p(1) = 1 − p.

H = −p ln(p) − (1 − p) ln(1 − p).

 p=0.5: Maximum unpredictability.



Identifying the extreme event region by using 

Shannon Entropy of the mean-field distribution
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𝑝𝑖 (probability that (t) is in the 𝑖th bin) is 

estimated from the histogram of values, using 

N=100 bins and adjusting their range to the min 

and max values in each time series.i=1

N

High entropy Low entropy



Extreme event region: low entropy
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Distribution of Inter-

Event-Intervals



Role of the network size
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N=2 N=10

N=100 N=1000

The “extreme event” region shrinks with N



Role of the connectivity of the network
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eij = eji = 1 with probability p

0 with probability 1-p

Average number of links 

per neuron

N=1000 neurons

p=0.005 p=0.01 p=0.05 (same as with p=1)

Color shows:

Neuronal 

dynamics 

in this 

region?
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Entropy 

c

d

e

f

Boaretto, Macao and Masoller, submitted (2026)



Identifying and characterizing neuronal avalanches
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• Avalanche duration : number of consecutive active bins.

• Avalanche size s: total number of spikes during the avalanche.

Spike count 

in each t red dashed line: threshold 

used to define active bins



▪ Subcritical: exponential distributions

▪ Critical: power laws distributions

▪ Supercritical: heavy-tailed distributions

The distributions of avalanches sizes and durations 

unveil three dynamical regimes
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Critical: power laws distributions
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Coupling strength
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avalanche durations avalanches sizes

Supercritical: heavy-tailed distributions (extreme events)



Many studies of avalanches in neural networks with 

different coupling configurations
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▪ Three regime transitions identified:
• A smooth transition when increasing the 

coupling strength that gradually increases 

neural activity (and the mean field). 

• Abrupt suppression of neural activity when the 

coupling strength grows above a critical value.

• Abrupt transition to synchronized spiking when 

the noise strength grows above a critical value. 

▪ Entropy analysis of the mean field dynamics 

unveils a critical point at the intersection of 

coupling-driven and noise-driven transitions.

▪ Sparce connectivity enlarge the avalanches 

and extreme events regions.

Take home messages, ongoing and future work
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Coupling strength
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▪ Ongoing: more biologically realistic synaptic interactions. Future: network 

topologies inspired by axonal growth in cultured neuronal networks.
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Thank you for your attention!
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