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- is it actually metastable?

- many symmetry-breaking parameters

- is metastability critical?
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Local Order Parameter

POPULATIONS
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o 𝐻 =  0.55
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METASTABLE AND ALTERNATING CHIMERA STATES EMERGE
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NETWORK PARAMETERS AFFECT THE SPECTRAL GAPS

Connectome-Harmonic decomposition framework – Atasoy and 

colleagues

Laplacian Renormalization Group - Villegas and colleagues



~𝜏

𝐻 is related to 1st spectral gap

 (population layer)
𝑘 is related to the 2nd spectral gap

(modules layer)

NETWORK PARAMETERS AFFECT THE SPECTRAL GAPS
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“ENSLAVED” [4] FAST MODES FLUCTUATE DEPENDING ON THE 2ND 

SPECTRAL GAP (i.e., distance between peaks in specific heat)
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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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ANALYTICAL RESULTS?

Ott-Antonsen reduction approach is not obvious!

FURTHER WORK?

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:

https://enricocaprioglio.github.io/Lucciole/projects/

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: https://github.com/EnricoCaprioglio/Emergence-of-

metastability-in-frustrated-oscillatory-networks

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

Luc Berthouze

Preprint: https://arxiv.org/abs/2405.14542

Ryan Singh working on 

the Information 

bottleneck

x.com/Enri_Capri

@Lucciole@mathstodon.xyz

@enricocaprioglio@bsky.social
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TAHNK YOU VERY MUCH!



Whole-system level analysis
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