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*Oscillatory-based

METASTABILITY

a dynamical system that exhibits “unstable
attractions”, in which segregative and integrative
tendencies coexist [2]

[2] F. Hancock et al (2023) “Metastability Demystified — the Foundational Past, the Pragmatic
Present, and the Potential Future.” Preprint MDPI AG
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*Oscillatory-based

METASTABILITY

a dynamical system that exhibits “unstable
attractions”, in which segregative and integrative
tendencies coexist [2]

WHOLE-BRAIN MODELS*

- is it actually metastable?
- many symmetry-breaking parameters
- IS metastability critical?

[2] F. Hancock et al (2023) “Metastability Demystified — the Foundational Past, the Pragmatic
Present, and the Potential Future.” Preprint MDPI AG
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METHODS 1

Community structured
(Stochastic Block Model)

Hierarchically
modular network
(Nested Stochastic
Block Model)
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[3] Arenas, A., Diaz-Guilera, A., & Pérez-Vicente, C. J. (2006). Synchronization

M ETH O D S 2 Reveals Topological Scales in Complex Networks. In Physical Review Letters
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METHODS 2

Pi POPULATIONS

: METASTABILITY:
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JEPi

UZMET(Rpi) = (0(Rpi)>

Local Order Parameter

alMET(Rui) = <G(Rm)>
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STABLE AND BREATHING CHIMERAS
EMERGE AT THE POPULATIONS’ LAYER
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breathing chimeré

stable chimera ..**

[4] D. M. Abrams, R. Mirollo, S. H. Strogatz, and D. A.
Wiley, “Solvable Model for Chimera States of Coupled
Oscillators,” PRL



METASTABLE AND ALTERNATING CHIMERA STATES EMERGE
AT THE POPULATION LEVEL
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METASTABILITY: oypr(Rp;) = (G(Rpi))



METASTABLE DYNAMICS EMERGES AT THE MODULES' LAYER

METASTABILITY: oyer(R,,) = (06(R,))
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NETWORK PARAMETERS AFFECT THE SPECTRAL GAPS

Connectome-Harmonic decomposition framework — Atasoy and
colleagues

Laplacian Renormalization Group - Villegas and colleagues



NETWORK PARAMETERS AFFECT THE SPECTRAL GAPS

H is related to 1st spectral gap k is related to the 2nd spectral gap
(population layer) (modules layer)
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SLOW MODES DETERMINE THE MACROSCOPIC DYNAMICS

(iff there are two peaks in specific heat)
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SLOW MODES DETERMINE THE MACROSCOPIC DYNAMICS

(iff there are two peaks in specific heat)




“ENSLAVED” [4] FAST MODES FLUCTUATE DEPENDING ON THE 2ND
SPECTRAL GAP (i.e., distance between peaks in specific heat)

0
gud spectral gapsize

[4] Haken, H. (1983). Advanced Synergetics. In Springer Series in Synergetics. Springer Berlin Heidelberg.
[5] Mackay, M., Huo, S., & Kaiser, M. (2023). Spatial organisation of the mesoscale connectome: A feature
influencing synchrony and metastability of network dynamics. In B. S. Gutkin (Ed.), PLOS Computational Biology




SO BASICALLY...

We found two distinct pathways to achieve metastability

- Instability of chimera states (similar to the OG Shanahan model)
- Fluctuations of the “enslaved” local order parameters

There exist an explicit relationship between the eigenmodes of the
system and metastable states

The Laplacian renormalization group is quite good at identifying the
relevant local order parameters
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FU RTH ER WORK? Software in the natural world: A computational approach to hierarchical emergence

Fernando E. Rosas, Bernhard C. Geiger, Andrea | Luppi, Anil K. Seth, Daniel Polani, Michael Gastpar, Pedro A.M. Mediano

Is metastability an actual emergent process?

Solve the information bottleneck problem in which the
Lagrange multipliers depend on the eigenvalues of the
density matrix



ANALYTICAL RESULTS?

Embodiment...
« Inner Life
Ott-Antonsen reduction approach is not obvious! Murray Shanahan
Software in the natural world: A computational approach to hierarchical emergence
FURTHER WORK?

Fernando E. Rosas, Bernhard C. Geiger, Andrea | Luppi, Anil K. Seth, Daniel Polani, Michael Gastpar, Pedro A.M. Mediano

Is metastability an actual emergent process?

Solve the information bottleneck problem in which the
Lagrange multipliers depend on the eigenvalues of the
density matrix

Address limitations: do these observations hold with the addition
of structural heterogeneities (rich club, core-periphery etc)



THANK YOU!

All code and additional information available at:

No need to know how to code! Just download the .html file and open
it in your favourite browser to play with the model.

Otherwise:

You will also find:

- Density matrix formalism

- Coalition entropy

- Modulation of metastable states

- Heterogeneous frequencies study

- Structural perturbations study

- Derivation of the variation of the nested stochastic block model

@Lucciole@mathstodon.xyz
x.com/Enri_Capri @enricocaprioglio@bsky.social Preprint:
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Whole-system level analysis
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