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Information from inaccessible degrees of freedom
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Information from inaccessible degrees of freedom
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Information from inaccessible degrees of freedom
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|deal but unrealizable scenario: all-knowing probe
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|deal but unrealizable scenario: all-knowing probe
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A represents the “strategy” of the probe
and sets the energy budget of the system
Invested into information transduction



|deal but unrealizable scenario: all-knowing probe
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ENERGY COST TO
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Realistic scenario: partial information available
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Realistic scenario: partial information available
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REGIMES OF INFORMATION TRANSDUCTION

Information transduction can be efficient
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REGIMES OF INFORMATION TRANSDUCTION

Information transduction can be efficient
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REGIMES OF INFORMATION TRANSDUCTION

Information transduction can be efficient
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REGIMES OF INFORMATION TRANSDUCTIC

Information transduction can be efficient
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EFFECTS OF INTERNAL TIMESCALE

Timescales and transduction efficiency




EFFECTS OF INTERNAL TIMESCALES

Timescales and transduction efficiency
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EFFECTS OF INTERNAL TIMESCALES

Timescales and transduction efficiency
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Information propagation across scales
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Information propagation across scales
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Information propagation across scales
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The only contribution to the Mutual Information Matrix
for Multiscale Observables (MIMMO) is from 3 to 1

(i) Feedback interactions generate information
from slow to fast layers

(ii) Direct interaction alone do not
generate information
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EFFECTS OF INTERNAL TIMESCALES

Information propagation across scales
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Information propagation across scales

Direct contribution to
the MIMMO from 3 to 1

Indirect contribution due
to propagation through 1
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(iii) Information created by
a slow layer can be
propagated to faster layers
via direct links
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Information propagation across scales

Direct contribution to

the MIMMO from 3 to 1 (iii) Information created by

a slow layer can be
propagated to faster layers

Indirect contribution due L )
via direct links

to propagation through 1

To propagate information to the other variables, the active bath has to be the slowest DOF

G Nicoletti, DMB, Physical Review X 14, 021007 (2024)



Information propagation across scales
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Information propagation across scales
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Information transduction in red blood cells

Membrane flickering is measured and it contains
information on hidden dissipative degree of freedom

cytosl%eleton U= —lty (kyy — Kingx) + /QkBT,uyfy(t)
T = —Hg (kxx - kinty + 77) + v ZkBT,uxgx <t)
P n=—1/mm+ /26 /7§ (t)

lipid bilayer

[1] | Di Terlizzi et al, Science 383, 971-976 (2024)



Information transduction in red blood cells

)~ is measured and it contains
i information on hidden dissipative degree of freedom
cytoslzeleton U= —lty (kyy — Kingx) + [2kpT &, (1)
T = —Hg (kxx - kinty + 77) + v ZkBTIU‘IBSZB (t)
P n=—1/mm+ /26 /7§ (t)
lipid bilayer
koP = argmax Leg (A, Kint)

Kint
INVERSE PROBLEM: AT 1 max Lot (AP, kint) = Lot (AP, king = Kiy")
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Given the estimated dissipation, how efficiently is the information on cytoskeleton transduced?

[1] | Di Terlizzi et al, Science 383, 971-976 (2024)



Information transduction in red blood cells
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Information transduction in red blood cells
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@@ Optical sensing
AA Opt. microscopy
% Optical trapping
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Take-home message

* Information harvesting on hidden (dissipative) degrees of freedom is possible by
tuning the coupling to accessible variables

 Transduced information can overcome the ideal case, even starting from finite-
time stochastic trajectories (and empirical distributions)

* Interesting connection between transduction efficiency and mechanical conditions can be
highlighted from membrane flickering in red blood cells

What's next? Estimation of forces, Multi-variables data, Pareto fronts in parameter space
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An energetic constraint iIs necessary
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A more realistic scenario:
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A more realistic scenario: finite-time trajectories
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A more realistic scenario: finite-time trajectories
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A more realistic scenario: finite-time trajectories
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