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Abstract: Dynamic symmetry theory proposes that many physical systems, from quantum fields to galaxies,
are organised by a shifting balance between forces that stabilise and forces that explore. This editorial
examines how that idea might help to reframe the long-standing tension between quantum mechanics and
general relativity. We outline how scale-dependent patterns of symmetry-breaking and symmetry-restoring
processes could underlie both quantum phenomena (such as superposition, entanglement and decoherence)
and classical spacetime geometry (curvature, horizons and gravitational waves). We then sketch a programme
for using symmetry-based indices and cross-scale models to test whether this “dynamic symmetry” picture
can genuinely illuminate the quantum—gravity divide, or whether it should remain only a suggestive
metaphor.

1. Introduction: a fracture in our picture of nature

Modern physics rests on two towering but stubbornly incompatible frameworks. Quantum
mechanics provides an extraordinarily accurate description of matter and radiation at microscopic
scales, where states are superposed, probabilities interfere and measurement outcomes are
intrinsically statistical. General relativity, by contrast, treats gravity as the curvature of a smooth
spacetime manifold and has passed every experimental test in the solar system and beyond.

Both theories work; both are indispensable. Yet when we try to apply them together—to the first
instants after the Big Bang, to the interior of black holes, or to regions of extreme density and
curvature —their assumptions clash. Quantising the gravitational field leads to infinities; treating
spacetime as a fixed background contradicts the dynamical geometry at the heart of relativity.

Dynamic symmetry theory does not offer a finished unification. It does, however, suggest a different
way of posing the problem. Instead of asking, “How do we force quantum mechanics and general
relativity into a single formalism?”, it asks, “What common pattern of symmetry and
symmetry-breaking might run through both, expressed differently at different scales?”

2. What dynamic symmetry adds

In its broadest form, dynamic symmetry theory begins from a simple observation: many systems that
must remain both stable and adaptive seem to operate in “working bands” between rigid order and
uncontrolled fluctuation. Physiological regulation, ecological resilience, market dynamics and
institutional robustness all appear to depend on a live balance between stabilising processes
(constraints, feedbacks, conserved quantities) and exploratory ones (noise, variability, innovation).

The key move is to treat symmetry itself as dynamic. In standard physics, a symmetry is usually
defined by an invariance: a transformation (a rotation, translation, gauge change) that leaves the
relevant equations unchanged. Those invariances support conservation laws and classification
schemes. Dynamic symmetry theory keeps this inheritance, but asks a further question: how are
those symmetries expressed, broken and re-configured as one moves across scales and regimes?



On this view, what matters is not only which symmetries a system possesses in an abstract sense, but
how they are realised in the actual dynamics: which are dominant, which are fragile, and how their
breaking and partial restoration shape the system’s behaviour over time.

3. Quantum mechanics through a symmetry lens
3.1 Superposition, interference and “structured disorder”

Quantum theory already has symmetry at its core: unitary evolution preserves inner products; gauge
invariances constrain interactions; identical particles obey exchange symmetries. Yet from a classical
perspective, many quantum states look like highly structured forms of disorder: superpositions
spread amplitude over incompatible possibilities; interference patterns arise from sums of complex
phases.

Dynamic symmetry theory treats these superposed states as high-symmetry regimes in which many
micro-configurations are grouped together under a common description. Measurement, decoherence
and coarse-graining then act as symmetry-breaking processes, selecting narrower bands of
compatible outcomes as interactions accumulate. In this picture, the transition from “quantum fuzz”
to definite outcomes is not a literal discontinuity, but a rapid passage from one symmetry regime to
another.

3.2 Entanglement as extended symmetry

Entangled states are those in which the full system has a simple, highly constrained description,
while each part alone appears maximally disordered. Dynamic symmetry interprets this as a case
where symmetry is expressed at the level of the composite system, not its components. The
correlations that violate Bell inequalities then reflect the persistence of that extended symmetry
under spatial separation, rather than any superluminal influence.

This does not solve the measurement problem, but it reframes entanglement as an instance of
symmetry localisation: certain invariances (for example, under joint rotations in spin space) are
global, and their partial breaking under local interactions yields the pattern of correlations we
observe.

3.3 The quantum—classical transition as graded symmetry breaking

Decoherence theory already describes how coupling to an environment suppresses interference
between certain components of a superposition, selecting a “pointer basis” of robust states. Dynamic
symmetry extends this by emphasising that, as systems grow larger and more entangled with their
surroundings, the accessible symmetry repertoire changes in a structured way.

At microscopic scales, symmetries associated with superposition and interference are strongly
expressed. At mesoscopic scales, some of these are partially broken: phase relations are preserved
locally but not globally. At macroscopic scales, only a subset of classical symmetries —approximate
translational and rotational invariance, conservation of coarse-grained quantities—remain visible.
The “classical world” then appears not as a separate domain, but as a symmetry regime that emerges
from progressive, scale-dependent symmetry breaking.

4. General relativity as a large-scale symmetry regime

4.1 Static and dynamic symmetry in spacetime



General relativity is built around diffeomorphism invariance: the idea that physical content does not
depend on arbitrary coordinate choices. Its solutions—spacetimes with particular curvature patterns
—are classified by their symmetries: homogeneity and isotropy in cosmology, Killing fields in
stationary black holes, and so on.

Dynamic symmetry theory takes these familiar invariances and asks how they might arise from, or
break down into, more microscopic patterns. At human scales, spacetime looks smooth and
continuous, and its symmetries (local Lorentz invariance, approximate spatial homogeneity on large
scales) are well-tested. But several approaches to quantum gravity —including causal set theory,
loop-based discretisations and emergent gravity proposals—suggest that at very short distances,
geometry may be granular, stochastic or “foamy”.

On the dynamic symmetry view, the smooth Lorentzian manifold of general relativity is an emergent
symmetry regime: a large-scale, averaged pattern distilled from the underlying fluctuations.

4.2 Spacetime as an emergent medium

Imagine, as a thought experiment, a fluid whose molecules undergo chaotic motion at microscopic
scales, but whose macroscopic behaviour is well described by smooth hydrodynamic equations. The
Navier-Stokes equations do not “know” about individual molecules; they encode effective
symmetries and conservation laws that hold once enough degrees of freedom have been averaged
over.

Dynamic symmetry suggests that spacetime might be similar. At the Planck scale, there could exist
discrete structures—networks, causal sets, or other entities—whose interaction rules respect certain
microscopic symmetries. As one moves to larger scales, repeated symmetry-breaking and
symmetry-restoring processes (analogous to coarse-graining and renormalisation) could yield
effective field equations that look, to a low-energy observer, like general relativity.

In this picture, curvature is not a primitive ingredient; it is a macroscopic descriptor of how an
underlying web of relations departs from perfect symmetry. Gravity, correspondingly, may appear as
the residual effect of those departures, much as pressure and viscosity emerge from molecular
interactions.

5. Bridging the quantum-gravity divide: scale, symmetry and flow

The heart of the proposal is that quantum theory and general relativity inhabit different parts of a
single, multi-scale symmetry landscape. Rather than representing incompatible stories, they may
describe distinct but related patterns in how the same underlying symmetries are realised, broken
and restored at different scales.

5.1 A symmetry-flow picture
One way to picture this is as a “flow” in a space of possible symmetry structures:
e At the microscopic end, symmetries associated with superposition, interference and

entanglement are strongly expressed, while geometric symmetries of spacetime are weak or
noisy.

* At intermediate scales, effective field theories emerge in which both quantum and geometric
symmetries are partially present but mutually constraining.



* At the macroscopic end, geometric symmetries (Lorentz invariance, general covariance)
dominate, while quantum interference in large-scale observables is largely suppressed.

The question then becomes: can we construct explicit models in which such a symmetry-flow can be
defined and traced, and in which quantum and gravitational phenomena appear as different
projections of the same deeper structure?

5.2 Time, irreversibility and arrows

The nature of time has long been a sticking point. Quantum mechanics treats time as an external
parameter; general relativity weaves it into the geometry of spacetime, while thermodynamics adds a
statistical arrow.

Dynamic symmetry offers a way of linking these. At the microscopic level, many underlying laws
are time-reversal symmetric. But as symmetries are broken and information is discarded through
coarse-graining, effective irreversibility appears. Histories accumulate, certain transformations
become easier than their reverses, and flows—of heat, probability, curvature—develop preferred
directions.

On this view, the “arrow of time” is not an extra postulate, but a large-scale expression of how
symmetry breaking and information loss couple across scales: from quantum transitions through
decoherence to the growth of classical structure and spacetime curvature.

5.3 Horizons and information

Black holes sit exactly where quantum and gravitational descriptions collide. The information
paradox arises because Hawking’s semiclassical calculation seems to turn a pure quantum state into
featureless radiation, violating unitarity.

Dynamic symmetry suggests viewing the event horizon as a boundary between symmetry regimes.
Outside, spacetime is well-approximated by classical geometry with small quantum corrections.
Near and inside the horizon, quantum fluctuations of geometry itself become significant, and the
symmetries that support classical locality are partially broken.

If the underlying dynamics preserve a more fundamental symmetry —one that is only approximately
expressible as “unitarity + classical geometry” in the regimes we usually access—then the apparent
loss of information may be a misreading. Information could be redistributed across degrees of
freedom we normally package as geometry, fields and horizon microstates, consistent with ideas
such as holography and the AdS/CFT correspondence.

Dynamic symmetry does not pick a specific resolution (firewalls, soft hair, or otherwise), but it
provides a vocabulary for asking: which symmetries are being broken at horizons, which are being
restored, and can we track that process quantitatively?

6. From metaphor to model: what would count as progress?

It is easy to speak in evocative phrases about “flows of symmetry” and “emergent spacetime”. The
hard question is how to turn these into testable structure rather than suggestive imagery.

Two ingredients seem essential:



1. Explicit cross-scale models in which one can follow how sets of symmetries change under
coarse-graining or renormalisation and see familiar quantum and relativistic behaviour
emerge in appropriate limits.

2. Symmetry-aware indices—extensions of the Dynamic Symmetry Index concept from
physiology —that pair measures of order and fluctuation in candidate quantum-gravity
systems.

Toy models might start with discrete networks whose nodes carry quantum degrees of freedom and
whose connectivity patterns encode proto-geometric relationships. By varying coupling rules and
summarising behaviour via paired measures (e.g. entanglement structure versus effective
dimensionality), one could ask whether the model naturally flows towards regimes that resemble
known quantum field theories on curved backgrounds, and under what conditions it does not.

Observationally, symmetry-based diagnostics might be applied to precision tests of Lorentz
invariance at high energies; the statistics of gravitational wave signals from extreme events; and
subtle correlations in cosmic microwave background anisotropies or large-scale structure that hint at
scale-dependent departures from perfect homogeneity and isotropy.

None of this guarantees success. It does, however, provide a more concrete research path than
simply hoping that a single grand equation will one day fall from the sky.

7. Beyond physics: why this matters

If dynamic symmetry theory turns out to be a helpful bridge between quantum mechanics and
general relativity, its impact will not be confined to particle accelerators and cosmological
observatories. It would strengthen a broader systems view in which emergence is not a vague slogan,
but a disciplined study of how symmetries are expressed differently at different levels; and questions
about robustness, resilience and ethical responsibility—central to ecology, economics and
institutional design—are seen as part of the same enquiry into how dynamic balances are sustained
or destroyed.

Even if the specific proposals sketched here prove too simple, the underlying impulse —to look for
shared symmetry structures across scales rather than insisting that one level must reduce cleanly to
another—seems a fruitful one. It encourages contact between physicists, biologists, neuroscientists
and social scientists who are, in their own ways, already grappling with systems that live between
rigidity and chaos.

Dynamic symmetry does not yet reconcile our two greatest theories. It does, however, offer a way of
organising our ignorance: a set of questions about which symmetries matter where, and how their
breaking and partial restoration might knit quantum events and curved spacetime into a single, if still
incomplete, story.
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