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Why would the brain be critical ?

Pros:
Diverging fluctuations —
High sensitivity to stimuli

Diverging correlation functions —
Optimal transmission and
storage of information

Maximal information processing and computational performance — AI?

Cons: Tuning to critical point is needed
Danger of super-critical (epileptic) behavior

Self-organization to criticality (SOC) ?
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Numerical integration of the model

Global synchronization measures: r(t) expif(t) = 1/N'Y " exp it (1))
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Numerical integration of the model
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Numerical integration of the model
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Numerical integration of the model

Global synchronization measures: r(t) expif(t) = 1/N'Y " exp it (1))
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Fruit-fly connecome synchronization results
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Fruit-fly connectome is the largest
exactly known neural network:

N = 21.615,L = 3.410.247

Similar to random Erdos-Rényi (ER) graph,
but power-law tailed connection weights
Weakly modular

Synchronziation transition via R(t)
local slopes : n=-d InR /d Int

K = 1.60(1) (inflexion curve)

Characterized by the growth
exponent 1 = 0.7(1) FIUN
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Synchronization transitions on connectome graphs
with periodic external force (task state)

Shinomoto-Kuramoto oscillator model synchronization transition:

6;() = w2+ K> Wysinlo(t) - 6;(1)] 0 angle, K: global coupling
" F: external force, 7. noise

+ Fsin(6;(t)) + en;(t) -

Quenched heterogeneity in self-frequencies and network topology
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Force induced synchronization
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FIG. 1: Order parameter dependence on F' for the fruit-fly
connectome for the noisy (black bullet) and the noiseless (red
boxes) cases at K = 1.3. The blue diamonds show the steady-
state () values with noise. Lower inset: Variances of R and
() for the noisy case. Upper inset: Time dependence of the
noisy R(t), for F' = 0, 0.02, 0.03, 0.04, 0.07, 0.1, 0.2, 0.3, 0.4 HUN

(bottom to top curves). ﬁ\\|
REN | &



Force induced synchronization

G
. [ T T
oy & 0.026
04 t 0021 [ ""';._..ﬂf._ o
oot6 f ‘,
0.011 ¥ )
0.006
0001 Lorn v i,
0 0.1 0.2

FIG. 1: Order parameter dependence on F' for the fruit-fly
connectome for the noisy (black bullet) and the noiseless (red
boxes) cases at K = 1.3. The blue diamonds show the steady-

state {2 values with noise. Lower inset:

Variances of R and

() for the noisy case. Upper inset: Time dependence of the
noisy R(t), for F' = 0, 0.02, 0.03, 0.04, 0.07, 0.1, 0.2, 0.3, 0.4
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FIG. 8 Hurst and beta exponents of all fruit-fly connectome
communities. In the forceless case at the critical Hopf tran-
sition coupling, the H exponent is the largest for every com-
munity. With forces these values drop for each community.
This shows a resemblance with the rest and non-rest studies
of different brain areas in [63], showing (H) = 1.0 at resting
state and (H) a 0.7 at task driven states.
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Community dependent synch.
FMRI experiments Quasi-criticality, like in fMRI
experiments: Ochab et al,

Sci. Rep. 12, 17866 (2022).
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versus interaction anisotropy

Characterizes distance from equilibrium, we tested at criticality
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Phase auto-correlation results on the Fly connectome
at the synchonization (critical) point
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Phase auto-respose results on the Fly connectome
at the synchonization (critical) point
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