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Abstract

The attractor framework is a unified naturalistic ontology
grounded in the principle that persistence under perturbation
is the fundamental mark of reality. This paper traces
structural correspondences between the framework and two major
scientific achievements of the late twentieth century: the
mathematical theory of strange attractors developed by David
Ruelle and Floris Takens, and the thermodynamics of
dissipative structures developed by Ilya Prigogine. The
framework developed its vocabulary and concepts independently
over several decades; the correspondences documented here are
offered as post-hoc validation, not as evidence of
genealogical descent. We show that the framework’s core
concepts—dissipative attractor, basin, corrective permeability
(k), and invariant reference—are consistent with established
nonlinear dynamics and nonequilibrium thermodynamics. The
fantasy attractor—a belief system with 1low corrective
permeability—is identified as a psychological analogue of the
strange attractor, governed by structurally analogous but
mechanistically distinct dynamics. The paper clarifies which
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framework claims are grounded in established physics and which
are heuristic extensions requiring independent validation. The
framework is offered as a research program, not a completed
theory.

1. Introduction: Independent Development,
Post-Hoc Validation

The attractor framework (Galida, 2026a) is a naturalistic
ontology organized around a single diagnostic
principle: persistence under perturbation is the mark of the
real. It divides all persistent structures into conservative
persistence structures (the eternal, mindless, invariant
skeleton) and dissipative attractors (temporary, entropy-
exporting systems that converge toward stable basins). It
introduces corrective permeability (k) as a functional measure
of a system’s capacity to absorb perturbation and return to
its basin. It applies this vocabulary across physics, biology,
cognitive science, and social dynamics.

The framework’s concepts were developed independently over
several decades, through a combination of philosophical
inquiry, systems theory, and N=1 self-engineering experiments.
They did not derive from the traditions described below in a
genealogical sense. However, the structural parallels with
established nonlinear dynamics and nonequilibrium
thermodynamics are substantial. Documenting these parallels
serves three purposes: it demonstrates the framework’s
consistency with well-validated physical theory; it identifies
where the framework extends beyond its precursors; and it
clarifies which claims are grounded in established science and
which are heuristic extensions requiring independent
validation.

Two bodies of twentieth-century science provide particularly



strong structural correspondences: David Ruelle and Floris
Takens’s theory of strange attractors, and Ilya Prigogine’s
thermodynamics of dissipative structures. This paper maps
those correspondences and identifies the points where the
framework diverges from or extends beyond its precursors.

2. Ruelle’s Strange Attractor: Structural
Correspondences

David Ruelle and Floris Takens proposed in 1971 that turbulent
fluid motion is governed by a new kind of mathematical object:
the strange attractor. Ruelle’s 1980 paper “Strange
Attractors” defined it with precision and became the canonical
introduction for a generation of scientists. Five features of
Ruelle’s definition correspond to core concepts of the
attractor framework. These correspondences are structural, not
genealogical, and are offered as a demonstration of
consistency with established physics.

2.1 Attracting Set - Basin

Ruelle defined a strange attractor as a bounded set A
contained in an open neighborhood U such that every trajectory
starting in U eventually converges to A and remains
arbitrarily close to it. In the attractor framework, this is
the basin: the region of state space toward which trajectories
converge and from which they resist displacement. Ruelle’s
quadrilateral ABCD for the Hénon attractor—within which all
subsequent iterates remain-is precisely a basin in the
framework’'s sense. The correspondence is straightforward and
exact.

2.2 Sensitive Dependence - Corrective Permeability

Ruelle characterized sensitive dependence on initial
conditions by the exponential growth of small errors: d(Xt,



X"t) ~d(Xe, X'0) - at, with a > 1 and characteristic exponent
A = 1ln a (for a standard textbook treatment of Lyapunov
exponents and nonlinear dynamics, see Strogatz, 2018). Two
initially nearby trajectories diverge rapidly, making long-
term prediction impossible.

The attractor framework reframes perturbation response
through corrective permeability (k), defined functionally as
the capacity of a system to dissipate perturbation energy and
return to its basin. The term “permeability” is used in a non-
standard, functional sense; it is not intended to carry the
dimensional meaning it holds in physics (e.g., Darcy’s law,
where permeability has units of area). It was chosen to
emphasize the openness of an attractor to corrective
perturbation—a qualitative property—while recognizing that its
qguantitative expression is a rate (inverse time). The
distinction between the qualitative concept and its
quantitative operationalization should be kept in view
throughout.

K and A capture different aspects of dynamical resilience. A
measures the rate of divergence of neighboring trajectories; K
measures the rate of convergence of a perturbed system back to
equilibrium. A system can have high A (chaotic sensitivity)
and simultaneously high k (rapid damping). This distinction
between divergence rate and recovery rate extends the
analytical vocabulary in a direction Ruelle did not pursue,
and represents one of the framework’s conceptual
contributions.

2.3 Dissipative Condition - Dissipative Attractor

Ruelle emphasized that strange attractors occur only 1in
dissipative systems—those in which ordered energy is converted
to heat and exported as entropy (what Ruelle called “noble
forms of energy”). Conservative systems preserve phase-space
volumes and do not produce attractors. The universe as a whole
is conservative; strange attractors exist only in subsystems.



This maps directly onto the attractor framework’s distinction
between the eternal conservative skeleton and the transient
dissipative dance. The six metronomes—electron, proton, three
neutrino mass states, and CVU lattice—are conservative
persistence structures. They do not decay, export no entropy,
and are not attractors. Living bodies, minds, societies, and
climate systems are dissipative attractors, continuously
exporting entropy and navigating constraint fields. Ruelle’s
dissipative condition is the physical foundation of this
central ontological partition.

2.4 Discrete and Continuous Dynamics - The Two Metronomes

Ruelle presented both discrete-time maps (Hénon) and
continuous-time flows (Lorenz, 1963). In both cases, strange
attractors emerge. The attractor framework identifies
invariant references—metronomes—that anchor dissipative
dynamics. Positional metronomes (the center of mass of a gas
cloud, the fixed point of a difference equation) and frequency
metronomes (orbital periods, the characteristic exponent A)
provide the invariant skeleton against which the transient
dance is measured. Ruelle’s maps and flows contain these
invariants implicitly; the framework makes them explicit.

2.5 Indecomposability - Unified Attractor (Partial
Correspondence)

Ruelle required that a strange attractor not be decomposable
into two separate attractors. This is a strong mathematical
condition. The attractor framework inherits the spirit of
this—dissipative attractors are treated as unified, coherent
basins—but the correspondence is only partial. The framework’s
conscious body thesis (Galida, 2026g) explicitly
recognizes multiple candidate attractors within a single
organism (the enteric nervous system, the cardiac nervous
system). These are coupled but semi-autonomous basins, in
tension with Ruelle’s indecomposability condition. The
framework thus extends the attractor concept in a direction



Ruelle’s original definition did not anticipate. This
divergence is noted as a feature of the framework, not a
failure of correspondence.

3. Prigogine’s Dissipative Structures:
The Thermodynamic Parallel

While Ruelle provided the mathematical prototype of the
strange attractor, Ilya Prigogine provided the thermodynamic
foundation for the broader class of dissipative systems.
Prigogine’s Nobel-winning work (Prigogine, 1980, 1984)
demonstrated that systems maintained far from thermodynamic
equilibrium spontaneously self-organize into coherent, ordered
structures—dissipative structures—that persist only as long as
they are sustained by energy and matter flows.

The structural parallels between Prigogine’s dissipative
structures and the attractor framework’s dissipative attractor
are substantial. Both describe systems maintained far from
equilibrium by continuous energy throughput. Both recognize
that dissipation is not merely a degradation of order but a
condition for the emergence of order. Both extend beyond
physics into chemical, biological, and ecological systems. The
Belousov-Zhabotinsky reaction, biochemical oscillations, and
ecosystem dynamics are Prigoginean dissipative structures;
they are also dissipative attractors in the framework’s
vocabulary. Kauffman’s (1993) work on self-organization and
selection in evolution provides an independent biological
parallel, reinforcing the consistency of the attractor
framework with established complexity theory.

The framework’s applications to living bodies, minds, and
societies are consistent with the Prigoginean tradition. This
consistency was recognized retrospectively; the framework’s
concepts were not derived from Prigogine. The parallels are



offered as evidence that the framework’s biological and social
extensions are grounded in established thermodynamic
principles, not as evidence of intellectual descent.

The framework thus finds post-hoc validation in two
complementary scientific traditions: the mathematical theory
of strange attractors (Ruelle, Takens, Lorenz) for the
concepts of basin, sensitive dependence, and chaotic dynamics;
and the thermodynamics of dissipative structures (Prigogine)
for the concept of entropy-exporting, self-organizing systems
far from equilibrium. Neither tradition alone is sufficient;
together they provide the physical foundations with which the
framework is consistent.

4. The Attractor Framework: Extensions
Beyond the Physical Prototypes

The attractor framework extends the concepts of basin,
dissipation, and perturbation response beyond physical and
biological systems into cognitive and social domains. These
extensions are heuristic hypotheses, not established results.
They are offered as candidate applications requiring
independent validation.

4.1 From Strange to Dissipative: A Broadened Scope

Ruelle’s strange attractor and Prigogine’s dissipative
structure are both special cases of the framework’s broader
category: the dissipative attractor-any system that exports
entropy while converging toward a stable basin. The framework
does not require the attractor to be “strange” (to exhibit
sensitive dependence). Fixed-point attractors, periodic
attractors, and quasiperiodic attractors are all dissipative
attractors under this definition. The framework’s scope 1is
deliberately broad, encompassing any persistent, entropy-



exporting system regardless of 1its internal dynamical
complexity.

4.2 The Fantasy Attractor: A Structural Analogy

The framework’s most significant extension beyond Ruelle and
Prigogine 1is the concept of the fantasy attractor: a belief
system with low corrective permeability that resists updating
under contradictory evidence (Galida, 2026c, 2026d, 2026e).
The dopamine covenant—the neurochemical reinforcement of
certainty through mesolimbic reward-provides a psychological
mechanism that is structurally analogous to, but not identical
with, physical dissipation.

The analogy is as follows. A physical dissipative attractor
exports entropy via radiation or heat, returning to its basin
after perturbation. In the physical case, “basin depth” 1is
formally defined through the geometry of the attractor in
phase space, measurable in principle from the equations of
motion. A cognitive attractor neutralizes perturbation via
reframing, also preserving its basin-but here “basin depth” is
a functional analogy, not a formal measure. Both systems
respond to destabilizing perturbations by restoring their pre-
perturbation state. The analogy holds at the functional level.

However, the mechanisms differ in important respects. Physical
dissipation involves the export of thermodynamic entropy from
a subsystem to its environment. Dopamine reinforcement 1is
a feedback amplification mechanism—it strengthens the neural
pathways associated with the belief, making them more salient
and resistant to competition. It does not export entropy in
the thermodynamic sense. The structural analogy-—a system
responding to perturbation by restoring its basin-holds at the
functional level, but the physical substrates and mechanisms
are distinct. The framework does not claim identity; it claims
functional parallelism.

The assignment of kK = 0 to fantasy attractors is qualitative



and provisional. Unlike Ruelle’s A, which is computable from
the equations of motion, k for belief systems currently lacks
an operationalized measurement procedure. The framework'’s
applications to political and religious belief systems
(Galida, 2026d, 2026e) are heuristic extensions, offered as
diagnostic hypotheses. Independent validation through
operationalized k remains a task for future empirical work.

4.3 Candidate Applications Across Domains

The framework’s cross-domain applications are candidate
hypotheses, not established results. Each requires independent
validation. The following are offered as illustrations of the
framework’s heuristic reach, with the caveat that formal
operationalization 1s pending.

- Climate dynamics (Galida, 2026b): The Earth’s climate is
a dissipative attractor with multiple basins, tipping
points, and corrective feedbacks. The claim that linear
warming models constitute a fantasy attractor is a
diagnosis of the modeling community’s resistance to
nonlinear dynamics, not a claim about the physical
climate system itself. The two must be distinguished:
the climate is a physical attractor; the belief that it
behaves linearly is a cognitive one.

= Political ideology (Galida, 2026d): The k = 0 assignment
for the MAGA movement 1is a qualitative diagnostic based
on observable indicators (electoral loss response, legal
defeat response, internal dissent tolerance). It is not
a measurement 1in Ruelle’s sense. The assignment 1is
offered as a hypothesis to be tested against alternative
interpretations.

- Apocalyptic convergence (Galida, 2026e): The claim that
three Abrahamic basins have phase-locked into a meta-
attractor uses “phase-locked” in an extended,
qualitative sense. The formal demonstration of phase-
locking requires identifying coupling constants and



frequency ratios, which have not been established. The
claim is offered as a structural diagnosis, not a
dynamical proof.

=0rgan-level consciousness (Galida, 2026g): The
identification of candidate organ-level minds as
dissipative attractors applies the framework’s criteria
directly to biological subsystems. The C. elegans
threshold provides a benchmark; the independent
operationalization of k for these subsystems awaits
experimental protocols.

5. The Metronome: An Innovation Without
Direct Precedent

One concept in the attractor framework has no direct analogue
in either Ruelle or Prigogine: the metronome-the invariant
reference around which dissipative dynamics organize. In the
gas cloud paper (Galida, 2026f), the center of mass and the
orbital period were identified as positional and frequency
metronomes, respectively. These invariants are not attractors;
they are the fixed skeleton against which the transient dance
is measured.

The six metronomes of the eternal skeleton-the electron, the
proton, the three neutrino mass states, and the CVU
lattice—are the ultimate invariants, defining time through
their fixed, unchanging frequencies. Ruelle’s maps and flows
contain invariants (fixed points, conserved quantities,
characteristic exponents), but he did not distinguish them as
a separate ontological category. Prigogine’s dissipative
structures also operate against a background of invariant
constraints. The attractor framework’s explicit separation of
the invariant skeleton from the dissipative dance is a genuine
conceptual contribution, not present in either precursor



tradition.

6. Conclusion: A Coherent Vocabulary,
Conditionally Applied

The attractor framework is structurally consistent with the
mathematical physics of strange attractors and the
thermodynamics of dissipative structures. 1Its «core
concepts—dissipative attractor, basin, corrective
permeability, and invariant reference—-map cleanly onto
established physical constructs. Its extensions into cognitive
and social domains are heuristic hypotheses, not established
results.

The framework developed its vocabulary independently. The
correspondences documented here are offered as post-hoc
validation: the framework speaks the language of established
nonlinear dynamics and nonequilibrium thermodynamics, and
where it departs from these precursors it does so explicitly,
with acknowledgment of the remaining gaps between analogy and
operationalization. Future work must close those gaps through
quantitative measurement of k, formal modeling of coupling
dynamics, and empirical testing of the framework’s diagnostic
claims.

The framework i1s offered as a research program, not a
completed theory.
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Abstract

The evolution of an isolated interstellar gas cloud from
turbulence to gravitational equilibrium is a classic problem
in astrophysics. Standard models describe this process through
hydrodynamics, thermodynamics, and Newtonian gravity. This
paper presents the same evolution through the lens of the
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attractor framework, demonstrating that the framework’s
vocabulary—dissipative attractor, basin, invariant reference,
and corrective permeability-maps cleanly onto the standard
physics without modification or additional assumptions. The
paper makes no new physical predictions; it demonstrates
conceptual unification. Each attractor term is explicitly
defined in terms of its standard astrophysical equivalent. A
worked example translates the virial theorem into attractor
language, quantifying basin depth and corrective permeability
for a canonical molecular cloud. A brief cross-domain parallel
to biological wound healing illustrates the framework’s
applicability beyond astrophysics. The paper concludes that
the attractor framework is fully consistent with standard
astrophysics and provides a wunified vocabulary for
persistence, resilience, and convergence across physical and
biological systems, with broader applicability noted.

1. Introduction: The Cloud as a
Dissipative System

Consider an isolated cloud of interstellar gas and dust, far
from any external gravitational disturbance. Its mass 1is
sufficient that self-gravity will eventually overcome thermal
pressure, initiating collapse. At early times, the cloud 1is
turbulent. Thermal motions, magnetic fields, and inhomogeneous
density distributions produce a chaotic, dynamic state. Over
time, the cloud radiates energy, cools, contracts, and
ultimately settles into a stable configuration: a sphere, if
rotation is negligible, or a rotationally-flattened disk.

Standard astrophysics describes this process with precision.
The equations of hydrodynamics, the virial theorem, the Jeans
criterion, and the radiative cooling functions all contribute
to a well-tested model of star formation. Nothing in this
paper challenges or revises that model.



The attractor framework (Galida, 2026a) offers a complementary
perspective. It is not an alternative to standard physics, but
a unifying conceptual vocabulary that identifies the dynamical
principles at work: persistence under perturbation,
dissipative basins, invariant references, and corrective
permeability. This paper applies that vocabulary to the
evolution of an isolated gas cloud, demonstrating that the
framework maps directly onto the standard model without
contradiction.

2. Definitions: Attractor Vocabulary and
Standard Equivalents

To make the translation precise, each framework term 1is
defined below alongside its standard astrophysical
counterpart. These definitions are used consistently
throughout the paper.

Attractor e el Standard Physics
Definition )
Term Equivalent
A system that exports
. . . entropy while Radiative cooling +
Dissipative , , ,
converging toward a gravitational
attractor .. .
stable, minimum-energy contraction
state

The minimum-energy

Sphere (non-rotatin
configuration toward P ( 9)

Basin which the system . or
, rotationally-supported
evolves and from which disk

it resists displacement

The energy required to
Basin depth | permanently disrupt the
system from its basin

Gravitational binding
energy, [UOOUO




Attractor e Standard Physics
Definition .
Term Equivalent
A quantity or point Center of mass
) that remains fixed (positional reference);
Invariant . .
throughout the system’s orbital periods
reference . -
evolution, providing an | (frequency reference,
(metronome) . . .
anchor for transient emerging during
dynamics contraction)
The rate at which the
) system dissipates Damping rate,
Corrective y . P P .g
e perturbation energy and quantified by the
permeability . . o :
(K) returns to its basin, radiative cooling
quantified function A(T)A(T)
by k=1/tcoolk=1/tcool[]
A conservation law that
constrains the
Rail accessible basins, Conservation of angular
preventing the system momentum
from reaching the
global energy minimum

3. The Convulsive Phase: Turbulence and
Disordered Motion

In its initial state, the cloud is far from equilibrium.
Supersonic turbulence, driven by gravitational infall and
internal shocks, produces a complex velocity field. Density
distributions are filamentary and clumpy. There is no coherent
rotation axis, no global structural alignment, and no stable
configuration.

In attractor terms, this is the perturbation-rich early phase.
The cloud is a dissipative system that has not yet found its
basin. Its trajectory through state space is erratic. Local



transient attractors—temporary vortices, shock fronts, density
enhancements—form and dissolve without stabilizing. The system
has not yet converged upon a single, deep attractor.

4. The Invariant Reference: Center of
Mass as Metronome

Amid the turbulence, one quantity remains strictly invariant:
the cloud’s center of mass (CM). For an isolated systenm,
conservation of momentum guarantees that the CM moves with
constant velocity. In the CM frame, this point is fixed. No
internal force—gravitational, pressure, or magnetic—can
displace it.

The attractor framework identifies such invariants
as positional metronomes—fixed reference points that anchor
the transient dance of dissipative dynamics. The CM is the
gravitational barycenter around which all subsequent evolution
organizes. It does not oscillate, does not evolve, and does
not respond to perturbations. It is the still point at the
center of the storm.

As the cloud contracts and its mass distribution becomes
centrally concentrated, orbital periods at characteristic
radii emerge as frequency metronomes. For a test particle at
radius rr, the Keplerian orbital period
1s:P=2nr3GM(r)P=2nGM(r) r3[][]

where M(r)M(r) is the mass enclosed within radius rr. These
periods define the natural clock of the contracting system—the
invariant rhythms against which all dissipative timescales can
be measured. The center of mass anchors position; the orbital
periods anchor time. Together they constitute the invariant
skeleton of the attractor.



5. The Dissipative Mechanism: Radiation
and Entropy Export

A dissipative attractor requires a mechanism for exporting
entropy. The gas cloud exports entropy through radiation. As
the cloud contracts, gravitational potential energy 1is
converted into kinetic energy, which 1is then thermalized
through collisions. Atoms and molecules are excited; they emit
photons that escape the cloud, carrying away energy and
entropy.

This radiative cooling is the cloud’s dissipation channel.
Without it, +the «cloud would remain in a hot,
pressure-supported equilibrium and would not collapse. With
it, the cloud can progress toward deeper gravitational
binding.

In attractor terms, the cloud is seeking its minimum-energy
basin. Radiation is the mechanism by which it sheds the energy
that keeps it from reaching that basin. Each emitted photon 1is
a small perturbation exported to the environment, allowing the
remaining system to settle deeper into its attractor.

6. The Attractor Basin: Sphere, Disk, and
the Rail of Angular Momentum

As the cloud cools and contracts, it approaches 1its
lowest-energy configuration under self-gravity. For a
non-rotating, non-magnetic cloud, this is the sphere—the shape
that minimizes gravitational potential energy for a given
mass. Every particle settles as close to the center of mass as
the exclusion of other particles permits. The sphere 1is



the unconstrained basin: the global energy minimum of the
system.

If the cloud possesses net angular momentum, the sphere 1is
inaccessible. Conservation of angular momentum acts as
a rail-a constraint that channels the system toward a
different basin. The cloud must flatten along its rotation
axis, forming a disk. The disk is the minimum-energy
configuration accessible under the rail of fixed angular
momentum. Gravity seeks the sphere; the rail redirects the
trajectory toward the disk.

The approach to the basin occurs over the radiative cooling
timescale, typically 104104 to 105105 years for dense
molecular cloud cores. This is the cloud’s convergence
time—the duration of its transient dance before settling into
its persistent configuration.

7. Corrective Permeability and the Virial
Theorem

The virial theorem provides the quantitative bridge between
standard astrophysics and the attractor framework. For a
system in equilibrium:2K+U=02K+U=0

where KK 1is the total kinetic energy and UU is the
gravitational potential energy. In attractor terms:

= Basin depth = JUJJU[], the gravitational binding energy.

- Perturbation = any injection of kinetic energy AKAK that
raises KK above the equilibrium value [JU[/20U0/2.

= Corrective permeability = k=1/tcoolk=1/tcool[], the rate
at which radiative cooling dissipates AKAK and restores
virial equilibrium.



Worked Example. Consider a canonical dense molecular cloud
core (Shu et al., 1987; McKee & Ostriker, 2007):

Parameter Symbol Value Units
Mass MM 104Me104Me[] =2x1034=2x1034 kg
Radius RR 1 pc =3.09x1016=3.09%x1016 m
Temperature T 10 K
Mean number density nn ~103~103 cm-3

Step 1: Basin depth. The gravitational potential energy (to
order of magnitude; the exact coefficient for a

uniform-density sphere is 3/53/5)
is:[JU]~GM2R=(6.67x10-11)x(2x1034)23.09x1016=(6.67x10-11)x(4x10
68)3.09x1016=8.6x1041 Jogug~RGM?2

=~3.09x1016(6.67x10-11)x(2x1034)2
=~3.09x1016(6.67x10-11)x(4x1068)[]=8.6%x1041 J

At virial equilibrium, K=[JU[J/2=4.3x1041K=[U[/2=~4.3x1041 J.

Step 2: Perturbation. Suppose a supernova explodes at a
distance d=10d=10 pc from the cloud. A typical supernova
releases ESN~1044ESN[]~1044 J. The fraction intercepted by the
cloud is the ratio of the cloud’s cross-sectional area to the
surface area of the sphere at
distance dd:f~nR24nd2~(3.09x1016)24x(3.09x1017)2~2.5x10-3f~4nd
2nMR2[0~4x(3.09x1017)2(3.09%x1016) 2[]~2.5%10-3

Not all intercepted energy couples efficiently; a coupling
efficiency of €~0.01€~0.01-0.10.1 is typical for shock-cloud
interactions (McKee & Ostriker, 2007). Choosing the upper
end, €~0.1€~0.1:AK=ESNxfxe~1044x(2.5x10-3)x0.1=2.5x1040 JAK=ES
Nxfxe~1044x(2.5x10-3)x0.1=2.5x1040 J

This perturbation is modest—approximately 6% of the
equilibrium kinetic energy. The cloud is disturbed but not
disrupted. Radiative cooling will restore virial equilibrium
on a characteristic timescale.



Step 3: Cloud volume. Converting the radius to
centimeters:R=1 pc=3.09x1018 cmR=1 pc=3.09x1018 cm

The volume 1s:V=43nmR3=43m(3.09%x1018)3=1.24x1056 cm3V=34
MR3=34[Jn(3.09x1018)3=1.24x1056 cm3

Step 4: Corrective permeability. At T-~107~10 K
and n~103n~103 cm-3, the dominant coolant is CO rotational
line emission, with a cooling
function A(T)~10-23A(T)~10-23 erg cm-3 s-! (Goldsmith &
Langer, 1978; Neufeld, Lepp & Melnick, 1995). Convert AKAK to
erg:AK=2.5x1040 J=2.5x1047 ergAK=2.5x1040 J=2.5x1047 erg

The cooling timescale
is:TCc00l~AKVA=2.5x1047(1.24%x1056)%x(10-23)=2.5x10471.24x1033=2.
02x1014 S~6.4x106 yearstcoolJ~VAAK

~(1.24%x1056)%x(10-23)2.5x1047[]=1.24%x10332.5%x1047
=2.02x1014 s~6.4x106 years

The corrective permeability is:k=1tcool=4.95x10-15 s—-1k=tcool
1[]=4.95x10-15 s-1

Step 5: Interpretation. The perturbation is damped within a
few million years. The basin depth
(OUJ~8.6x1041[JU[0~8.6%x1041 J) far exceeds the perturbation
energy, ensuring the cloud’s structural integrity. Corrective
permeability, quantified by kk, 1is the mechanism by which the
cloud restores coherence—absorbing the modest perturbation
through radiative cooling and returning to virial equilibrium
on a timescale short compared to the cloud’s overall lifetime
(~107107 years).

8. Cross-Domain Parallel: Biological
Wound Healing

The same attractor vocabulary applies without modification to



biological systems.

A wound is a perturbation to the stable attractor of healthy
tissue. The body responds through a multi-stage healing
cascade: clotting stops further damage, inflammation cleans
the wound, and tissue repair restores structural integrity.
The healing rate—quantified clinically by wound closure
time—is the biological corrective permeability. The healthy
baseline state is the basin. Complications like impaired
circulation reduce oxygen delivery, slowing fibroblast
activity and thus reducing Kk (Guo & DiPietro, 2010).

The gas cloud perturbed by a supernova shock and the human
body perturbed by a wound are structurally identical within
the framework: a dissipative attractor, displaced from 1its
basin, activates corrective mechanisms at a characteristic
rate, and either returns to coherence or undergoes permanent
state transition.

9. Observational Consistency

The framework'’s description of cloud evolution is fully
consistent with standard observations:

* Turbulent molecular clouds exhibit the chaotic velocity
fields and filamentary structures predicted by the
convulsive phase.

- Radiative cooling is traced by CO, H:20, and other
molecular line emissions.

 Protostellar cores represent the approach to the
spherical attractor.

= Protoplanetary disks are the rotationally-constrained
basins.

- Bound clusters and stellar systems persist under
external perturbations, demonstrating basin depth.



These observations are predicted and explained by standard
astrophysics. The attractor framework is consistent with all
of them. Its contribution in this domain is conceptual, not
empirical.

10. Conclusion

The evolution of an isolated gas cloud from turbulence to
equilibrium is fully described by standard astrophysics. The
attractor framework does not replace that description. It
translates it into a unified conceptual vocabulary—dissipative
attractor, basin, invariant reference, rail, corrective
permeability—that applies across physical and biological
systems, with broader applicability noted.

The center of mass remains fixed while the cloud convulses,
collapses, and settles. The virial theorem, translated into
attractor language, quantifies basin depth as gravitational
binding energy and corrective permeability as the inverse
cooling timescale. The framework is consistent with all
standard observations and requires no new physics.

The metronomes hum. The cloud finds its basin. The framework
holds.
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We argue that two very different kinds of attractors work
together to create what we call time:

» Conservative attractors (electrons, neutrinos, protons)
act as metronomes. They provide a steady, repeatable
rhythm — a ruler for measuring duration.

- Dissipative attractors (living cells, minds, societies)
act as memory. They accumulate irreversible changes,
giving time its direction.

Time is not a mysterious substance. It is the coupling between
these three fundamental metronomes and the irreversible flow
of memory. What binds all dissipative systems — from a
bacterium to a brain to a galaxy — is the continuous recycling
of the same three eternal metronomes.

This view offers a conceptual account of how clocks work, why
time has an arrow, and how aging, entropy, and history fit
together.

The dance of time has three metronomes and a memory.

1. Two Classes of Persistence, Two Roles
for Time

In the attractor framework, everything that persists does so
by resisting disturbance. We identify two distinct types of

persistent structures, each giving rise to a different aspect
of time.

1.1 Conservative Attractors — The Metronome

Conservative attractors are protected by physical conservation
laws (charge, baryon number, energy). They are:



- Eternal — they do not age or decay (or are effectively
stable on all observable timescales).

= Time-symmetric at the level of intrinsic persistence -
their existence as attractors is symmetric under time
reversal, though some interactions (weak force) violate
CP and thus T.

= Type-identical - every electron has the same Compton
frequency; every neutrino mass eigenstate has an
invariant (though not yet precisely measured) frequency.

Because of these properties, conservative attractors serve as
reference standards for duration — metronomes. The
international definition of the second is literally a fixed
number of such ticks.

1.2 Dissipative Attractors — Memory

Dissipative attractors (cells, minds, ecosystems, societies)
are different:

= They require a continuous flow of energy and must export
entropy.

» Their dynamics are irreversible — you cannot return to a
past microstate without enormous cost.

= This irreversibility creates a directional arrow: before
and after, past and future.

» They accumulate memory — irreversible state changes that
persist and affect future behaviour.

Memory = irreversible accumulated state change (inscription).
Examples: synaptic plasticity, scars, fossil records, cultural
archives, radioactive decay (the daughter nucleus retains a
record of the parent’s disintegration).



2. The Three Metronomes: Our Most
Fundamental Clocks

The Standard Model contains many particles, but only three
classes are absolutely or effectively stable and serve as
fundamental metronomes. The photon is not a metronome — it has
zero rest mass, hence no rest-frame Compton frequency. It is a
mode of propagation, not a standalone persistent entity.

. Ke
Class / Particle | Symbol y Role as Metronome
Property
lightest
Elect ron o- cézr o Compton frequency ~1.24
J x 102° Hz
lepton
Neutrino mass Compton frequencies
. Vi1, neutral,
eigenstates v vs ltiny masses (mass-dependent) ;
(collectively) B 03 4 effectively stable
Compton frequency ~2.27
lightest P auency
Proton p x 1023 Hz; no observed
baryon
decay

These three classes form what the framework calls the eternal
skeleton — the collection of conservative structures that
persist without decay and provide the stable background
against which dissipative change occurs.

Stability notes

 Proton decay has never been observed; lower limit on
half-life > 1034 years — effectively eternal. The proton
is composite, but its stability derives from baryon
number conservation, not merely nuclear binding energy.
 Neutrinos oscillate between flavours, but the underlying
mass eigenstates are stable on cosmological timescales.
Their exact Compton frequencies are not yet known to
metrological precision — only mass-squared differences
have been measured — but they are theoretically



invariant.

These three metronomes do not need energy input to persist.
Their frequencies are invariant (known for electron and
proton; theoretically invariant for neutrinos). Any clock
based on one agrees with any other after accounting for
relativity, as confirmed by atomic clock comparisons.

3. Time as the Coupling Between
Metronomes and Memory

Time is not a primitive substance. It is the relationship
between the metronome ensemble and dissipative memory.

» The three metronomes provide a metric — an invariant
ruler for “how much” duration has passed.

= Memory provides direction — which events are past, which
are future.

» Without metronomes, change would be unmeasurable — no
ruler.

Without memory, change would be reversible and
directionless — no before/after.

Both are necessary for what we operationally call time.

As a working placeholder, let the rate of memory inscription
be dM/dt=f(M,v)dM/dt=f(M,v), where vv 1s a characteristic
metronome frequency and MM is the current accumulated memory
state. Two limiting cases anchor the idea:

= As v-0v-0 — no metronome — duration becomes undefined.
Change occurs but cannot be quantified as a metric
interval. This is the “no ruler” condition.

= As dissipation -0-0 — no memory — MM remains constant.



Change leaves no trace, so there is no before/after.
This is the “no arrow” condition.

What binds all dissipative systems — a bacterial cell, a human
brain, a galaxy, a social 1institution - 1s the
continuous recycling of the same three eternal metronomes.
Every dissipative system operates by exchanging electrons,
protons, and neutrinos with 1its environment. The metronomes
are the invariant substrate; the memory is the transient
pattern. The coupling is the recycling.

Thus, time is not merely a coordinate; it is the ongoing,
irreversible reconfiguration of eternal components into
transient, memory-bearing structures.

The three metronomes are time-symmetric at the level of
intrinsic persistence. The arrow of time comes from
dissipative systems that accumulate history. Time is the
coupling between these two regimes.

4. Thermodynamic Information Theory and
Persistence

The persistence functional P(x)P(x) measures how deep an
attractor basin is — formally, the depth of the basin in the
system’s phase space (the energy or Lyapunov function value
required to escape the basin). Higher PP means a more stable
attractor.

= In a dissipative attractor, maintaining memory requires
continuous energy export to counteract thermal noise.

 Landauer’s principle: erasing one bit costs at
least kBTln[J2kBTln2 of free energy. Retaining memory
against thermal fluctuations requires energy input.



We interpret P(x)P(x) as a measure of information retention:
systems with higher PP preserve mutual information between
past and present for longer. The decay rate -P /P-P /P relates
to entropy production, connecting the attractor framework to
non-equilibrium thermodynamics.

5. Consequences and Applications

» Clocks — Atomic clocks derive stability from electron

transitions. The three metronomes guarantee
cross-calibration.
- Aging — Biological aging is the accumulation of

irreversible memory, measured against metronomes Llike
circadian rhythms.

= Critical slowing down — As a system approaches a
bifurcation, -P /P-P /P decreases, providing
early-warning signals (rising autocorrelation, variance)
in physiology, ecology, and social systems.

- Hysteresis in beliefs — Fantasy attractors exhibit
hysteresis — the path of belief change differs when
accumulating vs. removing evidence. The hysteresis loop
area quantifies memory.?

= Cosmological time — The cosmic microwave background is a
memory of the early universe (here “memory” 1is
metaphorical). Atomic clocks measure the duration since
those imprints were formed.

! Fantasy attractor: in the attractor framework, a dissipative
structure (typically a belief system) with abnormally low
corrective permeability, resistant to updating despite
counter-evidence.




6. Relation to the Broader Attractor
Framework

The metronome-memory distinction 1is a special case of the
conservative vs. dissipative attractor dichotomy. It sharpens
the “eternal skeleton / transient dance” metaphor.

The three metronomes are the most fundamental layer of the
eternal skeleton — the collection of conservative structures
that persist without decay and provide the stable background
against which dissipative change occurs.

The framework does not claim that time 1is “made of”
attractors. It claims that the measurement and experience of
time rely on the interaction of these two persistence regimes.
Because every dissipative system continuously recycles the
same eternal metronomes, all such systems are materially
unified across space and time. That unity is what makes a
universal, relational time possible.

7. Open Questions and Refinements

- Formalising P(x)P(x) - Rigorous derivation for
deterministic (Lyapunov), stochastic (escape time), and
information-theoretic (surprisal) cases.

= Coupling equations — Specify dM/dt=f(M,v)dM/dt=f(M,v).
Can it be tested empirically?

- Category clarity — Conservative attractors span strict
symmetry-protected invariants (elementary particles) and
emergent approximate invariants (clocks). Future work
should stratify these.

- Falsifiability - Concrete falsifiers: a persistent
system without dissipation, or a social attractor that
never updates despite counter-evidence.

- Relation to other relational accounts — Converges with



Barbour (1999) and Rovelli (1996). The difference: the
present framework identifies the two required poles
(conservative metronomes providing metric invariance;
dissipative memory providing direction) and grounds both
in attractor dynamics.

8. Conclusion

Time is not a primitive. It is the relational coupling
between:

 the three fundamental conservative attractor classes —
electron, neutrino mass eigenstates (collectively), and
proton — which provide invariant metric structure (the
metronome), and

» dissipative systems that accumulate irreversible state
inscription (memory).

What binds all dissipative systems — from a bacterium to a
brain to a galaxy — is the continuous recycling of the same
three eternal metronomes. The metronomes are the invariant
substrate; memory 1is the transient pattern; time is the
coupling.

This account respects how physics measures time, explains the
arrow via entropy and information persistence, and offers
transferable concepts across neuroscience, ecology, sociology,
and AI.

The dance has three metronomes and a memory.
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