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Linking brain structure to brain dynamics
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Linking brain structure to brain dynamics
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The brain as a dynamical system

Theoretical framework to understand the emergence
of spatiotemporal patterns in whole-brain models
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Spiking networks and mean-field models
Deco, Ponce-Alvarez et al. 2013, J neurosci

Deco, Ponce-Alvarez et al. 2014, J neurosci
Ponce-Alvarez et al. 2015a, PLoS Comput Biol

Neural oscillations / neural communication
Ponce-Alvarez et al. 2015b, PLoS Comput Biol
Hahn et al. 2019 Nat Rev Neurosci

Task activity
Ponce-Alvarez et al. 2013 PNAS
Ponce-Alvarez et al. 2015a, PLoS Comput Biol

Behavioral states

sleep
Jobst et al. 2017 Sci Rep

Low-levels of consciousness (MCS and UWS)
Lopez-Gonzalez et al. 2021 Nat Comm Biol

Stroke
Saenger et al. 2018 Cereb Cortex

Neuromodulation
Pfefter et al. 2021 Science Advances



The brain as a dynamical system: state-dependence Pfeffer et al. 2021 Science Advances
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The brain as a dynamical system: hierarchical organization Ponce-Alvarez 2025 J Neurosci

Hierarchy of timescales
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The brain as a dynamical system: hierarchical organization
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The brain as a dynamical system: hierarchical organization Ponce-Alvarez 2025 J Neurosci
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The brain as a condensed matter
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Create videos with https://clipchamp.com/en/video-editor - free online video editor, video compressor, video converter.
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Critical brain dynamics: functional befenits

At critical points:

0 Optimal communication (susceptibility and transmission)
Beggs and Plenz, 2003; Tanaka et al., 2009; Shew et al., 2011

O Optimal information storage
Kauffman et al., 2004; Haldeman and Beggs, 2005

O Optimal computational power
Bertschinger and Natschlager, 2004

O Optimal dynamic range
Kinouchi and Copelli, 2006; Shew et al., 2009



Critical brain dynamics: phase transitions
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Critical brain dynamics: phase transitions Ponce-Alvarez et al. 2022 Cereb Cortex

Macaque (binarized) fMRI activity
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Critical brain dynamics: sloppiness

Ponce-Alvarez et al. 2020 eLife
Ponce-Alvarez et al. 2022 Cereb Cortex
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Fisher Information matrix (FIM):

O Curvature of the log-likelihood of the model

O Importance of each parameter (stiff vs. sloppy)
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) Brain/cortical state transitions along stiff dimensions (network core).

O Stimulus-driven activity evolves along sloppy dimensions (periphery).
Parameter 01



Critical brain dynamics: scale-free brain activity Ponce-Alvarez et al. 2023 Nat Comm Biol - i

Renormalization Group Theory

Critical systems display fluctuations that are statistically self-similar

O Their statistics are re-scaled after gradual elimination of the

correlated degrees of freedom: Renormalization Group (RGQG)
procedure.

O For critical systems at equilibrium, P(&) is scale-invariant under
iterated coarse-graining (fixed point of the RG).



Critical brain dynamics: scale-free brain activity

Renormalization Group Theory

Critical systems display fluctuations that are statistically self-similar

O Their statistics are re-scaled after gradual elimination of the
correlated degrees of freedom: Renormalization Group (RGQG)
procedure.

O For critical systems at equilibrium, P(&) is scale-invariant under
iterated coarse-graining (fixed point of the RG).
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(parcellation of N = 1,000 ROIs, n = 1,003 human subjects).






CONCLUSIONS
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Periphery
High variability
High responsivity
Fast timescales

Responds without affecting the
network state

Core

Low variability
Low responsivity
Long timescales
Relates to sloppy dimensions
Determines network state

T VL,

Relates to stiff dimensions
Drives state (phase) transitions
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