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In search of neural correlates

* Investigate neural indicators of during states
« Detect neural differences between and modes

« EXxplore and

« Artists performing music pieces in and versions

EEG signal from musicians during musical performance

Analysis of signal
Exploration of topology
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Signal complexity: Measure of the dynamical richness of a signal
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Signal complexity: Measure of the dynamical richness of a signal
State-space models

p C}U—U ~(x)
Xt—|—1 = AXt + KEt State Equation

Y, =CX; + ¢ Observation Equation
* ¢, is the innovation attime t: ¢, = Y; — E[Y;|Y, ] @ @



Signal complexity: Measure of the dynamical richness of a signal
State-space models
p C}UU ~(x)
Xt—|—1 = AXt + KEt State Equation
Y, =CX; + ¢ Observation Equation
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Complexity via State-space Entropy Rate (CSER)

« Assume Gaussian noise: €4 ~ N(O, V)

1
« Define: CSER = 5 log |V|
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Results —

Higher
complexity
in letgo

« Letgo performances have higher neural signal diversity and richer dynamics
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 Indicators of heightened awareness and cognitive engagement during



How do brains communicate with each other?



How do brains communicate with each other?

Use Partial Mutual Information Mixed Embedding (pMIME)
to construct networks of information flow



How do brains communicate with each other?

Use Partial Mutual Information Mixed Embedding (pMIME)
to construct networks of information flow

Input Signals Partial Mutual Information Mixed Embedding Causal Network

/\/\/\/\ X1 (£-3) X1 (t)
\/\/\/\/ Xo2(t—3) X2(t)
/\/\/\/\ X3(t—3) X3(t)

\/\/\/\/ X4(t—3)

Kugiumtzis, Dimitris. Physical Review E—Statistical, Nonlinear, and Soft Matter Physics 87.6 (2013): 062918.

Xa(t)
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How are brains communicating with each other?

INTRA-BRAIN
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Community detection to identify clusters of increased interdependence
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Community detection to identify clusters of increased interdependence
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* Increased regional segregation in modes



Network topology to explore brain connectivity and organisation



Degree Heterogeneity

Degree heterogeneity
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Degree Heterogeneity
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* Increased connectivity and more integrated organisation in



Partial Network Decomposition to analyse shortest paths across
multilayer networks
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Partial Network Decomposition to analyse shortest paths across
multilayer networks

(A) Shortest path unique to Network A (B) Shortest path unique to Network B
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(C) Redundant shortest paths (D) Synergistic shortest path

Luppi, Andrea |., et al. arXiv preprint arXiv:2306.01645 (2023).



Results —

Partial Network Decomposition to analyse shortest paths across
multilayer networks

(A) Shortest path unique to Network A (B) Shortest path unique to Network B
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(C) Redundant shortest paths D) Synergistic shortest pat)

Luppi, Andrea |., et al. arXiv preprint arXiv:2306.01645 (2023).



Partial Network Decomposition to analyse shortest paths across
multilayer networks
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Partial Network Decomposition to analyse shortest paths across
multilayer networks
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states enhance synergistic information transmission



Moments of togetherness: occasions in which the musicians felt a
particularly heightened shared musical experience
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Moments of togetherness: occasions in which the musicians felt a
particularly heightened shared musical experience
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Moments of togetherness: occasions in which the musicians felt a

particularly heightened shared musical experience
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Conclusions

» Richer dynamical activity during performances (complexity)

* Increased brain during performances (community

structure, connectivity synergistic paths)

« Correspondence between and

(moments of togetherness)

11
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