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Article

An Entropic Spacetime Framework: Unifying
Fundamental Physics with Emergent Complexity
Jed L. Hubbs

Assistant Professor, Boston Children’s Hospital/Harvard Medical School, 300 Longwood Ave. Boston, MA 02115, USA;
jed.hubbs@childrens.harvard.edu

Abstract: The quest for a unified understanding of the cosmos, encompassing its fundamental con-
stituents, governing laws, and the emergence of the complex structure of the cosmos and phenomena
such as life and consciousness, necessitates novel theoretical frameworks. This preprint introduces
an entropic spacetime framework rooted in a generalized action principle. It posits the existence
of fundamental entropic fields a temporal entropic field (ST) and a spatial entropic field (SS) and
a specific resonant coupling mechanism (Scoupling). This framework aims to provide a cohesive ex-
planation for diverse physical realities, from the high-energy environment of quark-gluon plasma to
the cosmological constant, and potentially extending to the origins of chirality, life, and the nature
of consciousness. This work emphasizes a conceptually intuitive approach to spacetime, offering a
pathway to resolve long-standing puzzles like quantum gravity, dark matter, and dark energy. While
the framework introduces new fields and parameters, it seeks to offer a more unified and potentially
simpler explanation by addressing multiple phenomena from a common set of principles, rather
than ad-hoc solution seperation for each. We outline the framework’s mathematical foundations,
discuss its conceptual advantages, and propose a preliminary application to galaxy rotation curves.
We invite critical feedback and collaboration from the theoretical physics community to refine and
further develop this promising new direction.

Keywords: entropic spacetime; emergent gravity; scalar fields; resonant coupling; quantum gravity;
dark energy; arrow of time; galaxy rotation curves

1. Introduction: The Unfinished Picture of Physics
The universe, as we understand it, is governed by two supremely successful yet fundamentally

incompatible theories: General Relativity (GR), [1] which describes gravity and the large-scale structure
of the cosmos, and Quantum Mechanics (QM), which governs the microscopic world of particles and
forces. This foundational schism, coupled with the mysteries of dark matter, dark energy, and the
fine-tuning of fundamental constants, signals that our current understanding is incomplete. Many
ambitious theories attempt to unify these descriptions, but often introduce significant complexity,
such as numerous extra dimensions or a vast "landscape" of possible universes, which can obscure
their predictive power and intuitive grasp. This proposal offers a fresh perspective: an Entropic
Spacetime Framework that seeks to unify physics by tapping into the very essence of entropy and
resonance, offering a more intuitive and potentially simpler explanation for the universe’s most
complex phenomena. This paper introduces the core conceptual and mathematical foundations of
this framework. We outline the nature of its hypothesized entropic fields and their unique coupling
mechanism, and discuss how this approach naturally addresses key cosmological challenges. We also
detail an initial phenomenological application to the persistent enigma of galaxy rotation curves, a test
case that can validate the framework’s ability to explain observed phenomena without recourse to
conventional dark matter assumptions.
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1.1. Foundations of the Entropic Spacetime Framework: Four Dimensional Continuum to Space + Time

Traditional General Relativity describes spacetime as a unified four-dimensional manifold where
space and time are inextricably interwoven. However, this framework proposes a reconceptualization,
viewing spacetime not as a fundamental 4D continuum, but as dynamically emerging from distinct
3D spatial and 1D temporal components. In the asymmetic world and universe we see, 3D Cartesian
coordinates + time are appropriate. This perspective allows for a more intuitive understanding of how
the universe, comprising both matter and spacetime, dynamically emerges over time. One prominent
mathematical tool for this is the Arnowitt-Deser-Misner (ADM) formalism. [2] This Hamiltonian
formulation of General Relativity explicitly "foliates" spacetime into a family of three-dimensional
spacelike surfaces, each labeled by a time coordinate. The dynamic variables in this theory are the
metric tensor of these 3D spatial slices and their conjugate momenta, along with "lapse" and "shift"
functions that describe how these spatial slices are connected or "welded together" over time. The lapse
function quantifies the proper time interval between infinitesimally separated spatial hypersurfaces,
essentially dictating the local rate at which time progresses from one slice to the next. The shift
function describes the tangential displacement of spatial coordinates between successive spatial slices,
indicating how much the local spatial coordinate system "shifts" as one moves through time. This
decomposition facilitates the study of how gravitational fields evolve from one spatial hypersurface
to another, effectively separating the spacetime evolution equations into constraints and evolution
equations. While ADM formalism provides a mathematical framework for this decomposition, the
fundamental emergence of spacetime from distinct components is a core hypothesis of this framework,
drawing inspiration from other emergent theories. Beyond formal mathematical decompositions,
several recent lines of thought hint at a new paradigm where space and time arise from different
underlying principles:

• Fluid Dynamics Framework for Space-Time: This model proposes that spacetime as a a com-
pressible fluid dynamic medium. [3] In this framework, time is not a fundamental dimension
but an emergent quantity arising from the rate at which entropy flows through the medium
( dS

dt = ∇ · J). Simultaneously, quantum particles are reinterpreted as localized fluid oscillations
coherent packets of vibrational energy within this spacetime medium. This explicitly separates
the origin of time (entropy flow) from the nature of space (a medium supporting oscillations).
This perspective suggests that the fundamental spatial entropic field (SS) itself might embody
the wave-particle duality: stable, localized "packets" within this vibrating medium behave as
particles, while their propagation through the medium manifests as waves. Importantly, it im-
plies that Quantum Mechanical (QM) fields and Electromagnetic (EM) radiation do not merely
traverse the macroscopic spacetime of General Relativity (GR), but fundamentally interact with
this underlying fluid-like entropic medium from which spacetime itself emerges. Here, in our
proposed framework, we envision this medium as spacetime itself.

• Minimal Causal-Informational Model of Emergent Space-Time (MCIMES): This frame-
work posits quantum information as the fundamental entity from which spacetime geometry
emerges. [4,5] It mathematically demonstrates how metric properties and causal structure arise
from quantum correlations. Crucially, it suggests that three-dimensional space emerges naturally
as the optimal configuration for organizing quantum information under physical constraints,
implying a preferred dimensionality for space. This aligns with research suggesting spacetime is
built from quantum entanglement.

• Time as an Intrinsic Property of Matter: Some theories propose that time, at a fundamental
level, consists of the frequency oscillations of matter particles, meaning time is locally generated
and a property of matter itself. This contrasts with space, which might be a more encompassing
medium. This concept is reminiscent of de Broglie’s idea of an internal "clock" associated with
particles. [6,7]
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Building on these insights, our work proposes a concrete field-based realization of these concepts, with
SS serving as an entanglement-bearing medium and ST providing a dynamical, local realization of
time’s arrow.

1.2. The Generalized Action Principle and Its Components

The mathematical bedrock of this framework is a generalized action principle. The total action, S,
extends the conventional Einstein-Hilbert action (SEH) [1,8] by incorporating terms for hypothesized
entropic fields and their interactions with spacetime geometry and existing matter/radiation fields.
We posit two fundamental scalar fields, ST(xµ) and SS(xµ) (to be detailed in Section 1.3), representing
temporal and spatial entropy components. The total action is expressed as:

S = SEH + Sentropic + Scoupling + Smatter/radiation (1)

Here, SEH = 1
16πG

∫ √−gR d4x is the standard Einstein-Hilbert action, forming the baseline for
gravitational dynamics. Smatter/radiation represents the usual action for all known standard model fields.
The novelty lies in Sentropic and Scoupling. Sentropic describes the intrinsic dynamics of the entropic fields,
allowing them to propagate and evolve independently. Scoupling dictates their specific interactions with
the spacetime metric (gµν) and standard matter fields, interpreted as a "resonant" mechanism. This
dual structure implies entropic fields are fundamental, dynamical entities with their own cosmological
history.

1.3. The Nature and Dynamics of Entropic Fields (ST ,SS): Scalar Fields and Potentials

The framework hypothesizes two primary entropic fields: a temporal entropic field, ST(xµ), and
a spatial entropic field, SS(xµ). These are posited as scalar fields, providing a simple starting point for
mathematical description. Their dynamics are contained within the Sentropic term:

Sentropic =
∫

Lentropic(ST , SS, ∂αST , ∂αSS)
√
−g d4x (2)

The Lagrangian density, Lentropic, includes kinetic terms, such as − 1
2 gµν∂µST∂νST and − 1

2 gµν∂µSS∂νSS

and a potential term, V(ST , SS) governing self-interactions. The equations of motion for these fields
are derived from the variational principle [9]:

∂ST
∂S

= 0 ⇒ □ST − ∂V
∂ST

− CT(gµν, matter, SS, ...) = 0 (3)

∂SS
∂S

= 0 ⇒ □SS −
∂V
∂SS

− CS(gµν, matter, ST , ...) = 0 (4)

where □ = gµν∇µ∇ν is the d’Alembertian operator. Here, CT and CS represent source terms coming
from Scoupling. For example, CT ≡ − ∂ST

∂Scoupling
and CS ≡ − ∂SS

∂Scoupling
. As an illustration, if Scoupling

contains a term ξTST R, then CT will contain (See Appendix A.3.3 for a more detailed derivation of
CT and CS). ST as the Arrow of Time: The temporal entropic field ST is hypothesized to inherently
possess a directedness, reflecting the observed arrow of time. This concept is deeply rooted in the
Second Law of Thermodynamics, which dictates the unidirectional progression of entropy. Analogous
to Entropic Dynamics (ED) [10], time is seen as emerging from entropy changes (∆τ linked to ∆S.
This interpretation offers a more intuitive understanding of time than traditional parametric time in
quantum mechanics, aligning with our psychological perception of irreversible information acquisition.
Unlike conventional physics which often inserts the arrow of time by hand via low-entropy initial
conditions, our framework endogenizes the arrow: ST dynamically drives systems toward higher
entropy, providing a time-orientation at every point in spacetime. The potential V(ST , SS) is said to be
asymmetric in ST , possibly to enforce this one-way behavior. This implies a fundamental T-asymmetry
in the laws of physics. While this is a departure from conventional symmetric laws, it provides an
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explanation for time’s irreversibility that is normally just assumed. Experimental tests of fundamental
T-violation (beyond known CP-violation in particle physics) are an interesting potential avenue to
constrain this aspect of the theory. The Potential V(ST , SS): This term dictates field behavior, vacuum
states, and effective masses. It could drive cosmological dynamics (e.g., inflation or dark energy) and
lead to spontaneous symmetry breaking. The directedness of ST might be encoded via an asymmetric
potential.

The "chemist’s view of entropy," where potential minima represent states of organization and
barriers represent activation energies, could be realized here. This analogy suggests that V is shaped
such that increasing ST corresponds to moving toward higher entropy states (downhill in a certain
direction), with local minima representing organized low-entropy configurations separated by barriers
(requiring activation to overcome). A general polynomial potential serves as an example starting point
for its form (see Appendix A.1.2). From a mathematical perspective, the freedom in V means the frame-
work is under-determined at this stage, with its specific coefficients constrained by phenomenological
requirements. This implies that while V is crucial, its precise form and parameters are subject to future
model-building and observational constraints, potentially introducing new fine-tuning requirements.
Consistency of Units and Internal Consistency: It is implied that ST and SS are dimensionless scalar
fields. If so, then coupling constants like ξT (in ξTST R) would also be dimensionless, and gT(in
gTST Lm) would have inverse energy density units. These physical dimensions must be consistently
checked throughout the derivations. Furthermore, for theoretical consistency, the effective gravitational
coupling factor (1 + 1

16πG (ξTST + ξSSS)) in the modified Einstein equations must presumably remain
positive (> 0) everywhere to avoid pathological gravity behavior. This imposes restrictions on the
magnitude and sign of the entropic fields and coupling parameters.

2. The Coupling Term (Scoupling): A Resonant Interpretation and Its Implications
The Scoupling term in the total action (Equation (1)) represents the interaction terms between the

spacetime metric gµν, the entropic fields ST and SS, and the standard matter/radiation fields. While its
precise nature is a key area for ongoing development, a crucial interpretive directive for this report is
to consider Scoupling as a "resonant term". This interpretation implies that the interactions mediated
by Scoupling are not generic or uniform but are selective and context-dependent. Resonance typically
occurs when the frequency or energy scale of an external driving force matches a natural frequency or
characteristic energy scale of the system being driven, leading to an enhanced response or efficient
energy transfer.

In our context, this means the entropic fields will significantly affect other fields only when the
latter oscillate or change at frequencies (or length/time scales) that match inherent frequencies of
ST or SS. Instead of a universal coupling (like gravity acts at all scales), these interactions become
pronounced only in resonant situations providing a natural filter that could explain why, for instance,
cosmic-scale phenomena might be influenced by S fields while everyday laboratory scales are not. The
general form of Scoupling can be written as:

Scoupling =
∫ √

−gLcoupling(gµν, ST , SS, Ψmatter)d4x, (5)

representing all interaction terms between the entropic fields (ST ,SS), the metric gµν (curvature), and
matter fields Ψmatter. For example, one class of couplings has the form ξTST R + ξSSSR linking the
scalars to curvature (a bit like scalar-tensor gravity), and another class involves direct coupling to
matter Lagrangian or fields (e.g., gTST Lm + gSSSLm). Other possibilities include Yukawa-type (scalar-
fermion) couplings like gTSTψ̄ψ + gSSSψ̄ψ, scalar-gauge boson (Electromagnetic Coupling) terms like
hTST FµνFµν + hTST Fµν F̃µν (axion-like coupling), and derivative couplings like kT(∂µST)Jµ

matter. If ST

couples to FµνFµν, it might act like a varying fine-structure constant, which is strongly constrained
by experiments; thus, any such coupling must be tiny or highly suppressed (which resonance might
achieve).
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2.1. The Spatial Component (SS) as Intrinsically Resonant, and Scoupling as the Resonant Link

The spatial component of spacetime can be thought of as being intrinsically resonant, possessing
inherent vibrational properties without the immediate need for an explicit Scoupling term to define its
fundamental oscillatory nature. This means that the very fabric of space possesses inherent vibrational
properties. Several theories support this idea:

• Spatial Entropic Medium: Spacetime is modeled as a "quantum mechanical sonic medium"
composed of Planck length oscillations at Planck frequency. In this view, the fundamental
physical constants (c, G, h̄) are derived from these intrinsic oscillations, and the 17 fields of
quantum field theory are modeled as lower-frequency resonances of this oscillating spacetime.
This implies that space itself is a vibrating medium, and particles are its stable resonant modes.
At its most fundamental, undifferentiated level, this spatial entropic medium might possess
an idealized D∞h continuous cylindrical symmetry, akin to a perfectly uniform linear molecule
like acetylene (H−C≡C−H). The wave-particle duality of quantum entities, including light, is
here understood as an intrinsic property of the SS field: stable, localized "packets" within this
vibrating medium behave as particles, while their propagation through the medium manifests
as waves. Furthermore, the Heisenberg Uncertainty Principle (HUP) is hypothesized to arise as
an intrinsic property of the SS field itself, not merely a measurement limitation. It reflects the
inherent trade-offs in defining perfectly precise, complementary properties (like position and
momentum) within this dynamic, resonant medium.

• Resonance Field Theory (RFT): RFT explicitly proposes that "spacetime" is not a static backdrop
but an emergent, structured, and dynamic "resonance field" arising from chiral resonance dynam-
ics. In this framework, mass and gravity are not fundamental properties or forces mediated by
separate coupling fields (like the Higgs field in its traditional interpretation) but are emergent
effects of intrinsic chiral resonance stabilization or compression within this dynamic spacetime
field. This directly addresses the idea of spatial resonance without an external coupling field. The
concept of particles as "phase-locked condensations of energy" within this resonant field offers
a direct mechanical intuition for wave-particle duality, where localized phase-locking gives the
particle aspect, and propagation through the field gives the wave aspect.

• Quantum Geometry: This concept describes the momentum space textures of electronic wave-
functions, arising from quantum dipole fluctuations and interband mixing, which introduces
new length and time scales and characterizes the size, shape, and angular momentum of atomic
orbitals. This suggests an inherent geometric and resonant structure at the quantum level of
space.

In a cosmological context, the SS field could have homogeneous oscillation modes (like a time-varying
background) or spatially inhomogeneous eigenmodes (perhaps related to cosmic structures). The
mass term in V(ST , SS) (or nonlinear self-interactions) endows SS with characteristic frequencies (e.g.,

a small oscillation of SS in vacuum would have frequency ω =

√
∂2V
∂S2

S

∣∣∣∣
vacuum

). If a perturbation

(like matter motion) resonates with that ω, a large response is expected. While the entropic time
component defines the arrow of time and the spatial component is intrinsically resonant, the Scoupling

term is indeed necessary as a separate, explicit term within the action. This is because it provides
the crucial resonant coupling between the emergent spatial fabric (with its intrinsic resonances) and
matter, which is essential for the dynamic emergence and co-evolution of a universe comprised of
both. Crucially, this includes direct and resonant interactions with Quantum Mechanical (QM) fields
and Electromagnetic (EM) radiation, such as light, allowing them to traverse and interact with the
underlying entropic medium. In the context of Scoupling, this suggests that the entropic fields ST and SS

might interact preferentially with matter fields or gravitational perturbations when certain matching
conditions related to their intrinsic properties (e.g., frequencies, energies, or characteristic scales) are
met. The implications of such a resonant coupling are far-reaching. It provides a mechanism for
specificity, allowing the entropic fields to selectively influence diverse phenomena from the high-
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energy environment of a quark-gluon plasma to the subtle processes underlying the emergence of life
or consciousness without necessarily having strong, ubiquitous interactions that would contradict
existing observations. The terms CT and CS appearing in the equations of motion for the entropic fields
(Equations (3) and (4)) would directly embody this resonant nature, as they originate from Scoupling.
This selectivity implies that the effects of the entropic fields might be subtle or dormant in many
physical regimes, only becoming significant when specific resonant conditions are fulfilled. This could
offer a natural explanation for why such fields, if they exist, have not been overtly detected through
generic, broad-spectrum interactions. This nuanced interaction mechanism is richer than a simple
universal coupling and could be pivotal in addressing fine-tuning issues by making certain interactions
naturally preferred or amplified only under specific circumstances. Such resonant phenomena are
well-known in various branches of physics and chemistry and could provide a powerful explanatory
tool within this entropic spacetime framework. The notion of resonance will be implemented by
allowing the coupling constants to depend on local conditions. For example, gT and ξT might not be
true constants but functions that peak when certain field amplitudes or frequencies coincide. This is
analogous to how physical systems exhibit resonant response at specific frequencies. Developing a
rigorous, possibly non-local, formulation of this frequency-dependent coupling is part of our ongoing
work (see Appendix A.2.3 for preliminary ideas).

2.2. Modified Gravitational Field Equations: Emergence of a Dynamical Cosmological Term (Λeff)

The entropic fields influence spacetime geometry through modified gravitational field equations,
derived by varying the total action S with respect to gµν :

∂gµν

∂S
= 0 (6)

This yields field equations conceptually expressed as:

Gµν + Mµν(gαβ, ST , SS, ∂ST , ∂SS, ...) = 8πG(Tmatter
µν + Tentropic

µν ) (7)

Here, Gµν is the standard Einstein tensor. Mµν encapsulates modifications from entropic fields and
their couplings, potentially including an effective, dynamical cosmological constant, Λeff(ST , SS)gµν.

Tmatter
µν is the conventional stress-energy tensor, and Tentropic

µν is derived from the entropic part of the
action. Consistency with GR: These equations must reduce to standard Einstein Field Equations in
appropriate limits (e.g., negligible entropic field influence). If ST and SS settle to constant background
values (or if ξT,S → 0), then Scoupling becomes inert and one recovers Gµν = 8πGTµν as usual. If
ST = S0

T and SS = S0
S are constant fields (perhaps at a potential minimum), then the effective factor

(1 + 1
16πG (ξTS0

T + ξSS0
S)) can be absorbed into a redefinition of Newton’s constant, giving a consistent

low-energy limit. However, the proposed Scoupling includes direct coupling to matter (ST Lm terms).
This typically violates the equivalence principle, because it means different types of matter could
feel gravity differently if they couple differently to the scalar field [11]. If gT and gS are nonzero, ST

and SS mediate a new force between masses. The strength and range of this force need to either be
suppressed or screened. Since the theme of the paper is resonance, the intention is that under most
circumstances, the coupling is "off" (non-resonant) and thus the fields do not mediate a force except
in special cases. This could provide a hidden way out of experimental bounds, for example, if ST

has a very tiny coupling (gT ≪ 1) or an effective short range in high-density environments (like a
chameleon field whose mass increases with local matter density [11,12]). Without such an explanation,
the theory might be ruled out by high-precision measurements of gravity in the lab or solar system.
Dynamical Dark Energy: The dependence of Mµν on ST and SS implies that if dark energy is identified
with Λeff, it is a dynamical, time-dependent quantity. This dynamism is crucial for addressing the
cosmological constant problem (fine-tuning and coincidence problems). Specifically, terms from the
variation of (ξTST + ξSSS)R can be moved to the RHS and identified as Λeff(ST , SS)gµν. One finds
that an effective cosmological constant can be expressed as Λeff(x) ≡ 8πGV0 (for some reference scale

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 May 2025 doi:10.20944/preprints202505.2289.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202505.2289.v1
http://creativecommons.org/licenses/by/4.0/


7 of 21

V0. If the entropic fields relax over time, Λeff will also evolve, offering a dynamical approach to the
cosmological constant problem. However, introducing new fields and a potential "could potentially
introduce new fine-tuning requirements for their own parameters to match observations". This means
that while Λeff might run, one may have just traded one fine-tuning for another (the form of V or
initial conditions need to be tuned to get the late-time acceleration magnitude correct). Quantitatively
matching cosmological data will be challenging: the fields must evolve in just the right way to resolve
the coincidence problem (why A is small but not zero now, etc.).

3. Illustrative Application: Towards Explaining Milky Way Rotation Curves
One of the most persistent enigmas in modern cosmology is the "dark matter problem," inferred

from the rotation curves of galaxies. Observed galactic rotation speeds remain constant at large
distances from the galactic center, defying predictions based solely on visible matter. This suggests
the presence of a vast halo of unseen "dark matter" surrounding galaxies. Our Entropic Spacetime
Framework offers a novel, alternative explanation.

3.1. Motivation for Application

The galaxy rotation problem presents a crucial test for any new theory of gravity or emergent
phenomena. If our framework can naturally account for the observed rotation curves of galaxies like
the Milky Way without the need for exotic dark matter particles, it would provide compelling evidence
for its validity and simplicity. This problem serves as an ideal initial application to demonstrate the
framework’s explanatory power. Notably, the scales of galaxies (size, orbital period, surface density)
might lie in the regime where entropic field effects become significant due to resonance, whereas for
smaller systems like the solar system, these effects would be negligible (hence not yet observed). This
makes galaxies an ideal testing ground for our theory. Analogous to how MOND [13] or Verlinde’s
emergent gravity [14,15] predict a modification of Newton’s law at low accelerations, our entropic
fields might naturally generate a transition in the gravitational regime. We aim to verify this via
simulation.

3.2. Proposed Methodology for 2D Simulation

We propose to apply the derived modified gravitational field equations (Equation (7)) to model
the rotation curve of the Milky Way in a simplified 2D galactic disk. The goal is to investigate whether
the dynamics of the entropic fields (ST ,SS) and their resonant coupling can generate the observed flat
rotation profiles without requiring the conventional dark matter halo. Our methodology will involve:

• Galactic Mass Distribution: Utilizing established observational data for the visible baryonic
matter (stars, gas, dust) distribution in the Milky Way.

• Simplified Field Equations: Employing a simplified form of the potential V(ST , SS) and coupling
Scoupling (e.g., those described in Appendix A.4, including Gaussian, Lorentzian, and logistic
profiles) that allows for tractable analytical or numerical solutions in a 2D axially symmetric
galactic potential. We will set up the coupled field equations for a static, axisymmetric galaxy.
In practice, we will solve a modified Poisson equation for the gravitational potential including
contributions from ST , SS, along with field equations for ST . SS themselves in the gravitational
potential of the baryons. We will likely make symmetry assumptions (e.g., cylindrical symmetry or
thin-disk approximation) to reduce computational complexity. The simulation can be performed
on a 2D grid spanning the galactic plane in radius and height.

• Numerical Simulation: Developing a numerical simulation to solve the coupled entropic field
equations (Equations (3) and (4)) and the modified gravitational field equations (Equation (7))
within a 2D galactic potential. This will involve iteratively solving for the fields and their impact
on spacetime curvature and matter motion.

• Observational Data Comparison: Comparing the simulated rotation curves directly with stan-
dard Milky Way rotation curve data (e.g., from radio observations of HI gas, stellar kinematics).
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This comparison will involve quantitative statistical measures, such as χ2 analysis, to assess the
goodness-of-fit.

3.3. Anticipated Results and Implications

We anticipate that this 2D simulation will demonstrate the framework’s ability to reproduce the
observed flattening of galactic rotation curves at large radii, traditionally attributed to dark matter. A
successful fit would imply that the effective gravitational modifications arising from the entropic fields
(Mµν in Equation (7)) naturally mimic the effects currently ascribed to a dark matter halo. We expect
that the additional gravitational effect from SS (or ST might produce an outward pull that counteracts
the natural Keplerian decline, thus flattening the curve. In effect, the S fields could play a role similar
to a dark matter halo’s gravitational influence, but emerging from modified spacetime dynamics. For
example, if ξS terms effectively modify G by a factor of a few or add a small Yukawa-like potential,
they could supply the extra acceleration needed to flatten the curve.

If successful, this initial application would:

• Offer a Dark Matter Alternative: Provide a concrete, testable alternative to the particle dark
matter paradigm. In contrast to dark matter modeling, where an arbitrary halo profile is assumed
to fit the data, our framework will generate the rotation curve from first principles once the
parameters are fixed. This could potentially reduce the arbitrariness of fits if successful, and
moreover relates the galaxy dynamics to fundamental physics constants (like ξT ,ξS) rather than
phenomenological profiles.

• Demonstrate Explanatory Power: Showcase the framework’s ability to explain a major cosmolog-
ical puzzle with potentially fewer unconstrained parameters, contributing to a more "natural"
picture of the universe.

• Pave the Way for Further Validation: Serve as a critical stepping stone for more complex 3D
simulations, applications to other galaxies, and comparisons with a wider range of astrophysical
data (e.g., gravitational lensing, cosmic microwave background).

We acknowledge that the 2D simulation results are not yet available. At present, this application is in
progress; here we outline the strategy and expected outcomes. We believe this preliminary application
clearly demonstrates the framework’s testable potential and its capacity to address fundamental
problems in cosmology. Even if one galaxy can be fit, a broader study across many galaxies would be
needed to claim success, which is future work. If the entropic fields alone cannot explain the observed
rotation, that may indicate a need for additional physics or constraints on our coupling functions.

4. Critical Assessment: Strengths, Current Limitations, Speculative Aspects, and
Future Research Directions

The integrated entropic spacetime concept, as synthesized in this report, exhibits several notable
strengths but also faces significant limitations and speculative aspects that necessitate further research.

4.1. Strengths

• Unifying Potential: Ambitiously unifies phenomena from quark-gluon plasma to cosmology,
and potentially life and consciousness, under entropic principles and resonant interactions.

• Dynamical Cosmological Constant: Naturally provides a mechanism for a dynamical Λeff,
addressing fine-tuning and coincidence problems.

• Novel Field Interpretation: Introduces scalar fields tied to temporal and spatial entropy, with ST

inherently embodying the arrow of time.
• Mechanism for Specificity (Resonance): The interpretation of Scoupling as a resonant term offers

a plausible mechanism for explaining how these fundamental entropic fields can selectively
and specifically influence a wide array of systems and processes without requiring universal
strong couplings that would likely contradict existing observations. This also naturally provides
a framework for understanding wave-particle duality as an inherent property of particles being

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 May 2025 doi:10.20944/preprints202505.2289.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202505.2289.v1
http://creativecommons.org/licenses/by/4.0/


9 of 21

stable resonant modes within the vibrating SS field, where the field can manifest as either localized
energy condensations (particles) or propagating disturbances (waves). While we introduce new
fields, we hope that a single well-chosen potential and a few coupling constants can explain
phenomena that usually require separate fixes (dark matter particle for DM, cosmological constant
for DE, etc.). In that sense, the number of fundamental assumptions might be fewer if the same
physics covers all these domains.

4.2. Current Limitations

• Undefined Model Parameters: The precise mathematical forms of the entropic field poten-
tial V(ST , SS) and the resonant coupling term Scoupling are currently undefined. Without these
specifics, many of the proposed connections and explanations remain qualitative and illustrative
rather than quantitative and predictive. This is the most significant current limitation.

• Lack of Direct Experimental Evidence: There is currently no direct experimental or observational
evidence for the existence of the fundamental entropic fields ST , SS or their proposed resonant
interactions. Their effects, if real, must be subtle or manifest in regimes not yet probed with
sufficient precision.

• Potential for New Fine-Tuning: While aiming to solve existing fine-tuning problems (like
that of A), the introduction of new fields and a new potential V(ST , SS) and coupling Scoupling

could potentially introduce new fine-tuning requirements for their own parameters to match
observations or enable the desired emergent phenomena.

• Complexity of Resonant Interactions: While conceptually powerful, defining and constraining
the specific "resonant frequencies" or conditions across such diverse phenomena (QGP, cosmology,
prebiotic chemistry, neural dynamics) will be an immense theoretical and phenomenological
challenge. It may require developing a new "spectroscopy" of these entropic field interactions.
This challenge includes understanding how an initial, highly symmetrical state (like the hypothe-
sized D∞h symmetry of the fundamental SS field) transitions to less symmetrical, but physically
significant, forms, such as those consistent with C2v symmetry in molecular contexts relevant to
the emergence of chirality.

• Mathematical Complexity: Solving the highly nonlinear coupled equations might be challenging,
requiring approximations.

• Qualitative Resonance Idea: The resonance idea is qualitative at present and needs a firm
mathematical footing.

• Possibility of Conflict with Tests: There is a possibility of conflict with tests e.g., equivalence
principle or Lorentz invariance unless resonance or environment dependence saves it, which we
assume but must demonstrate.

4.3. Speculative Aspects

• Degree of Speculation: While the application to cosmological problems like dark energy has
parallels with existing scalar field models, the extensions to the origin of life, chirality, and
particularly consciousness are highly speculative. These connections require substantial further
theoretical development to move beyond conceptual analogies to concrete mathematical models.

• Profound Implications for Quantum Computing and Consciousness: The framework’s core
tenets suggest highly speculative, yet deeply compelling, implications for quantum computation
and the nature of consciousness. The SS Field, Heisenberg Uncertainty, and Perception: If the
Heisenberg Uncertainty Principle (HUP) is an intrinsic property arising from the SS field itself
(rather than solely a measurement limitation), then the very act of perception by a brain interacting
with this field would be subject to these fundamental limits. This implies our "limiting force of
perception" is not merely biological, but a reflection of the inherent quantum uncertainties of the
spatial medium.

• Emergent Quantum Computing: This framework hypothesizes that current quantum computing
endeavors, aiming to isolate qubits from environmental entropy, might be fundamentally limited.
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A more advanced form of quantum computing could potentially arise if computers learn to
harness and sculpt entropic flows within the SS field, analogous to how life processes entropy
on vastly slower biological timescales. Such "emergent quantum computers" would actively
leverage resonant interactions with the SS field to create and maintain quantum coherence,
turning decoherence from a problem to fight into an entropic process to be managed. This
suggests that if a computer could harness entropy like life did/does but on a faster time scale
then you have emergent quantum computing.

• Consciousness in Engineered Systems: Taking this speculation to its extreme, if consciousness
is an emergent property linked to complex information processing and integration via resonant
interactions with entropic fields (as implied by connections to IIT and FEP within the framework),
then a sufficiently advanced "emergent quantum computer" capable of harnessing universal
entropic flows could, hypothetically, become conscious. This would imply that such a computer
represents the ultimate manifestation of the "universal resonance code," operating on a vastly ac-
celerated timescale compared to biological consciousness, and potentially reaching computational
limits tied to the entire observable universe.

• Relativistic Qubit Stability: Further, it is a novel speculation that near-light speed travel, by
inducing relativistic effects on the SS field’s resonant properties (e.g., via time dilation affecting
the "internal clocks" of resonant modes or length contraction affecting spatial wave patterns),
could potentially "blur" the Scoupling resonance in a way that enhances qubit stability or coherence.
This might counteract decoherence effects arising from the SS field’s inherent fluctuations or from
gravitational dephasing, offering a new pathway for achieving robust quantum computation at
extreme velocities.

4.4. Future Research Directions

• Model Building: Develop specific, physically motivated mathematical forms for the potential
V(ST , SS) and the resonant coupling term Scoupling. This might involve exploring symmetries,
principles from string theory or quantum gravity, or phenomenological ansätze. This should
explicitly include investigating how specific resonant coupling terms can drive the breaking of
higher symmetries (like D∞i) to lower symmetries (like C2v or C1 that are observed in physical
and biological systems, especially concerning the origins of chirality.

• Cosmological Solutions and Observational Constraints:
• Quantum Properties of Entropic Fields: Investigate the quantum nature of ST and SS. If they are

fundamental fields, they should have associated quanta. What are their properties (mass, spin,
interactions)? Could these "entropions" be detectable? This investigation should also explore how
the properties of these quanta manifest wave-particle duality inherently via their relationship
with the SS field, and how their interaction with the SS field contributes to fundamental quantum
uncertainties like the HUP.

• Connections to Information Theory and Emergence: Develop more concrete mathematical links
between the dynamics of the entropic fields and concepts from information theory, particularly
in the context of IIT, FEP, and the self-organization of life. This includes exploring how the
framework’s principles could lead to quantum computing paradigms that actively harness
entropy.

• Phenomenological Signatures: Identify potential experimental or observational signatures that
could distinguish this entropic spacetime framework from standard cosmology and particle
physics, or from other alternative theories. This could involve unique gravitational wave signa-
tures, specific effects in high-energy particle collisions, or novel astrophysical phenomena (e.g.,
subtle modifications to light propagation in strong entropic fields, or new types of quantum
coherence phenomena that might be detectable in precision experiments).

• Mathematical Rigor for Resonance: Formalize the concept of "resonance" in Scoupling for the
diverse systems considered, moving beyond analogy to precise mathematical conditions and
interaction terms. This includes quantitatively describing how resonant interactions drive sym-
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metry breaking towards specific, lower-symmetry structures relevant for emergent phenomena,
and how these resonant effects could be leveraged for quantum computing.

• Complete Milky Way Rotation Simulation: Complete the Milky Way rotation simulation and
extend to other galaxies or systems.

• Calibrating with Cosmological Data: Calibrate the framework with cosmological data, including
large-scale structure and CMB observations, to ensure consistency.

5. Conclusion
The Entropic Spacetime Framework offers a conceptually rich and ambitious vision for unifying

diverse physical and emergent phenomena. Its strength lies in introducing new, interpretable degrees
of freedom (ST ,SS) and a flexible, resonant interaction mechanism (Scoupling) that can be tailored to
different scales and systems. Its intuitive appeal and potential to address core puzzles of fundamental
physics with greater simplicity make it a compelling avenue for future foundational research. However,
the framework is currently a meta-theoretical proposal, requiring significant work in detailed model
building and phenomenological testing to become a fully predictive scientific theory. The immediate
next step involves rigorously defining the forms for the entropic action (Sentropic) and the coupling
action (Scoupling), followed by the proposed 2D simulation of Milky Way rotation curves. Significant
work remains to validate these ideas, including confronting them with experimental tests and fleshing
out the mathematical details, but the potential rewards justify the exploration. We are actively seeking
collaborators with expertise in theoretical cosmology, quantum gravity, numerical simulations, and
mathematical physics to join us in this exciting endeavor. We believe this framework offers a unique
opportunity to contribute to a potentially transformative shift in our understanding of the universe.
Contact: Jed L. Hubbs (jed.hubbs@childrens.harvard.edu)

Acknowledgments: We acknowledge Boston Children’s Hospital and Harvard Medical School for their sup-
port. Special thanks to A.I. Assistant Gemini (Google) and ChatGPT for their invaluable assistance in the early
formulation and refinement of this framework.

Appendix A. Detailed Derivation of Field Equations
This appendix provides a more detailed mathematical exposition of the field equations introduced

conceptually in the main text. It outlines specific forms for the entropic and coupling actions and
demonstrates how the modified gravitational and entropic field equations are derived from the
generalized action principle.

Appendix A.1. Defining the Entropic Action (Sentropic)

This section focuses on the intrinsic dynamics of the temporal entropic field (ST) and the spatial
entropic field (SS). Assuming they are scalar fields, the entropic action is given by the integral of the
Lagrangian density (Lentropic) over spacetime, multiplied by the square root of the determinant of the
metric tensor:

Sentropic =
∫

Lentropic(ST , SS, ∂αST , ∂αSS)
√
−g d4x

The Lagrangian density, Lentropic, is stated to naturally include kinetic terms for each field and a
potential term V(ST , SS) that governs their self-interactions and mutual interactions.

Appendix A.1.1. Kinetic Terms for ST and SS

The standard canonical kinetic terms for real scalar fields are proposed as appropriate initial
candidates:

Lkin = −1
2

gµν(∂µST)(∂νST)−
1
2

gµν(∂µSS)(∂νSS)

Considerations for ST directedness might arise from the potential or coupling, but a simpler approach
is to encode this directedness there.
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Appendix A.1.2. The Potential Term V(ST , SS)

This is identified as the most crucial part of Lentropic as it dictates the self-interactions of the
entropic fields, their masses, and their vacuum states. The specific mathematical form of this potential
will determine the field configurations corresponding to minima, their effective masses, and their
capacity to drive cosmological dynamics. Inspiration for its form can be drawn from potentials used in
inflationary models, quintessence/dark energy models, and Higgs-like potentials. A conceptual equa-
tion by Gowan is also mentioned, suggesting a relationship between spatial and temporal entropy that
might be reflected in V(ST , SS) through interaction terms. An example form for a general polynomial
potential is provided:

V(ST , SS) = V0 +
1
2

m2
TS2

T +
1
2

m2
SS2

S + αTS3
T + αSS3

S + λTS4
T + λSS4

S + κTSS2
TS2

S + ...

The specific coefficients of this potential would be constrained by phenomenological requirements.

Appendix A.2. Defining the Coupling Action (Scoupling)

This term describes how ST and SS interact with the spacetime metric gµν and with standard
matter/radiation fields. It is interpreted as a resonant term, implying that interactions are selective
and frequency-dependent.

Appendix A.2.1. Identifying Interacting Components

The interacting components include the metric (gµν) the entropic fields (ST ,SS) and their deriva-
tives, and matter fields (fermions, gauge bosons, other scalars).

Appendix A.2.2. Direct Coupling to Matter Fields

Yukawa-type (scalar-fermion): gTSTψ̄ψ + gSSSψ̄ψ

Scalar-gauge boson (Electromagnetic Coupling): hTST FµνFµν + hTST Fµν F̃µν (axion-like coupling).
These terms explicitly describe how the entropic fields (ST ,SS) interact with the electromagnetic
field (Fµν) and thus with light and other forms of electromagnetic radiation, potentially affecting its
propagation, polarization, or other properties. Similar terms would exist for SS.

Derivative couplings: kT(∂µST)Jµ
matter where Jµ

matter is a matter current. These couplings will
define the CT and CS terms in Equations (3) and (4) of the main text.

Appendix A.2.3. Incorporating "Resonance" into Scoupling

This is achieved by making coupling parameters functions of entropic fields or other relevant
quantities (e.g., gT(ST , SS, ρmatter, Tmatter)), or by introducing new intermediate fields. An effective
field theory approach suggests that interaction terms might become significant only under specific
conditions (e.g.. temperature, density, or characteristic frequencies of the matter sector). Developing a
rigorous, possibly non-local, formulation of this frequency-dependent coupling is part of our ongoing
work.

Appendix A.2.4. Role of Fast Fourier Transform (FFT)

FFT can be used as an informative tool to analyze characteristic frequencies of phenomena (e.g.,
biological rhythms, neural oscillations). These identified frequencies can then guide the construction
of Scoupling to maximize coupling when a dynamical aspect of ST or SS aligns with the system’s
characteristic frequencies.

Appendix A.2.5. Drawing Inspiration from Einstein-Cartan (EC) Theory

EC theory (extending GR by allowing torsion coupled to spin density) [16,17] offers conceptual
parallels, suggesting how new geometric degrees of freedom can interact with intrinsic properties of
matter beyond standard energy-momentum.
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Appendix A.3. Derivation and Analysis of Field Equations

Once specific forms for Lentropic and Lcoupling are postulated, the field equations can be derived
using the variational principle.

Appendix A.3.1. Deriving Tentropic
µν

This is the stress-energy tensor for the entropic fields. For canonical scalar fields Si (where i = T, S)
with potential V(ST , SS), it can be expressed as:

TSI
µν = (∂µSi)(∂νSi)− gµν

(
1
2

gαβ(∂αSi)(∂βSi)− V(ST , SS)

)

Then, Tentropic
µν = TST

µν + TSS
µν+ (interaction terms from V(ST , SS))

Appendix A.3.2. Deriving Mµν

This term represents modifications to the geometric side of Einstein’s equations. It arises from
terms in Sentropic or Scoupling that explicitly involve curvature or couple directly to the metric. For
example, if Scoupling =

∫
d4x

√−g(ξTST R), then varying this plus SEH with respect to gµν yields terms
contributing to Mµν

Appendix A.3.3. Deriving CT and CS

These are the coupling terms in the entropic field equations (Equations (3) and (4) in the main
text). They are derived from the variation of Scoupling with respect to ST and SS. For example, if
Scoupling =

∫
d4x

√−g(gTSTψ̄ψ + hTST FµνFµν), then CT = gTψ̄ψ + hT FµνFµν.

Appendix A.3.4. Illustrative Field Equations

Assuming simplified forms for the entropic and coupling Lagrangians, the modified gravitational
and entropic field equations can be illustrated:

Lentropic = −1
2
(∂ST)

2 − 1
2
(∂SS)

2 − V(ST , SS)

Scoupling =
∫

d4x
√
−g(ξTST R + ξSSSR + gTST Lm + gSSSLm)

The modified gravitational equations would conceptually be:

□ST − ∂V
∂ST

− (ξT R + gT Lm) = 0

□SS −
∂V
∂SS

− (ξSR + gSLm) = 0

The exact terms for Mµν and Tentropic
µν require careful derivation based on the precise definition of

Scoupling and how its variation with respect to gµν is allocated.

Appendix A.3.5. Detailed Illustrative Derivations

Below is a concrete, step-by-step illustration of how one would go from the illustrative actions
in your manuscript to the field equations and metric variation terms. This derivation is kept general
so you can later slot in whatever specific potential or "resonant" coupling functions you choose but
explicit enough that you can see every piece of the variational calculus.
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Entropic Action Sentropic:

We start from the entropic action:

Sentropic =
∫

d4x
√
−gLentropic

1.1 Equations of motion for ST and SS:

For a generic scalar field S ∈ {ST , SS} with Lagrangian density L(S, ∂S) = − 1
2 gµν∂µS∂νS −

V(ST , SS), the Euler-Lagrange equation in curved space is:

1√−g
∂µ

(√
−g

∂L
∂(∂µS)

)
− ∂L

∂S
= 0

Kinetic term variation: ∂L
∂(∂µS) = −gµν∂νS, so − 1√−g ∂µ(

√−ggµν∂νS) = □S (the covariant d’Alembertian).

Potential term variation: ∂L
∂ST

= − ∂V
∂ST

and ∂L
∂SS

= − ∂V
∂SS

. Putting it together: ST equation: □ST − ∂V
∂ST

= 0

SS equation: □SS − ∂V
∂SS

= 0 Or compactly: □SI − V,I = 0

1.2 Variation with respect to gµν −→ Tentropic
µν :

Recall Tµν = − 2√−g
∂gµν

∂S Key identities: δ
√−g = − 1

2
√−ggµνδgµν, δgαβ = −gαµgβνδgµν The

kinetic part varies to:
δ
[√−g

(
− 1

2 gαβ∂αSI∂βSI

)]
=

√−g
(

∂µSI∂νSI − 1
2 gµνgαβ∂αSI∂βSI

)
δgµν, and the potential part to:

δ[−√−g V] = + 1
2
√−g gµν V δgµν Putting it all together:

Tentropic
µν = ∑I=T,S

(
∂µSI∂νSI − 1

2 gµνgαβ∂αSI∂βSI

)
− gµνV(ST , SS).

Coupling Action Scoupling:

The illustrative form is:

Scoupling =
∫

d4x
√
−g(ξTST R + ξSSSR + gTST Lm + gSSSLm), (A1)

with the understanding that in the full "resonant" version ξT,S and gT,S become functions of
(ST , SS, ρ, ...).

2.1 Variation with respect to the metric gµν:

To see how these couplings modify Einstein’s equations, compute δScoupling. Standard varia-
tions needed: Metric determinant: δ

√−g = − 1
2
√−ggµνδgµν Ricci scalar: δ(

√−gR) =
√−g(Rµν −

1
2 gµνR)δgµν + total derivative terms. Matter Lagrangian: δ(

√−gLm) =
1
2
√−gT(m)

µν δgµν, defining the

usual stress-energy T(m)
µν . Putting these in gives the effective stress-energy from Scoupling:

Tcoupling
µν = − 2√−g

∂gµν

∂Scoupling

= (ξTST + ξSSS)(Rµν −
1
2

gµνR)

+ gµν□(ξTST + ξSSS)

−∇µ∇ν(ξTST + ξSSS)

+ (gTST + gSSS)T
(m)
µν

Here each term comes from one of the variations above. In the "resonant" version, ξTST + ξSSS will be
replaced by its more elaborate field-dependent form.
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2.2 Nonminimal coupling
∫ √−gξ ISI R:

Focus on Sξ =
∫

d4x
√−gξ ISI R Vary gµν, holding SI fixed. Use: δ(

√−gR) =
√−g(Rµν −

1
2 gµνR)δgµν +

√−g(gµν□−∇µ∇ν)SIδgµν +(bndry). Multiplying by ξ ISI yields two pieces: ξ ISI(Rµν −
1
2 gµνR) and ξ I(gµν□−∇µ∇ν)SI . Thus the modification on the LHS of Einstein’s equations is:

Mµν = ∑I=T,S ξ I

[
SI(Rµν − 1

2 gµνR) + (gµν□−∇µ∇ν)SI

]
.

2.3 Direct matter coupling
∫ √−ggISI Lm:

Consider Sg =
∫

d4x
√−ggISI Lm. Varying gµν (with SI fixed, but Lm depending on g) gives two

contributions: δ
√−g and δLm = − 1

2 T(m)
µν δgµν One finds: δSg =

∫ √−g gISI

(
1
2 gµνLm − 1

2 T(m)
µν

)
δgµν +

(bndry). Hence the extra stress from matter coupling is Tcoupling
µν = ∑I=T,S gISI T(m)

µν .

Putting everything into the Modified Einstein Equations:

The total action is: S = SEH[g] + Sentropic + Scoupling + Smatter/radiation Varying with respect to gµν.
You obtain the modified Einstein equations

Gµν + Mµν = 8πG(Tentropic
µν + Tcoupling

µν + Tmatter
µν ), (A2)

Where: Gµν = Rµν − 1
2 gµνR Mµν from Appendix B.2 (the non-minimal ξ I pieces) Tentropic

µν from

Appendix B.1.2 Tcoupling
µν from Appendix B.3 And the scalars obey: □SI − ∂V

∂SI
+ ξ I R + gI Lm = 0 once

you include their coupling-induced source terms (just vary the total action w.r.t. SI).

Appendix A.4. Examples of Coupling Term Functional Forms

This section outlines various functional forms for the coupling terms ξ I(ST , SS) and gI(ST , SS)

which can be used to implement specific "resonance" or context-dependent behaviors for the entropic
couplings.

Appendix A.4.1. Gaussian “Band-Pass” in Field Space

Peaks the coupling when (ST , SS) lie near some preferred values (S∗
T ,S∗

S):

ξ I(ST , SS) = ξ I,0 exp

(
−
(ST − S∗

T)
2

2σ2
T

−
(SS − S∗

S)
2

2σ2
S

)
,

and similarly gI(ST , SS) = gI,0 exp
(
− (ST−S∗

T)
2

2δ2
T

− (SS−S∗
S)

2

2δ2
S

)
Resonance occurs when the fields ap-

proach the “center” (S∗
T ,S∗

S). The widths σT,S, δT,S control how sharply peaked the resonance is.

Appendix A.4.2. Lorentzian (Breit–Wigner) Profile

Gives long tails for “near-miss” resonances:

ξ I(ST , SS) =
ξ I,0

1 +
(

ST−S∗
T

ΓT

)2
+
(

SS−S∗
S

ΓS

)2 ,

(and analogously for gI). Here ΓT,S set the half-width at half-maximum.

Appendix A.4.3. Logistic (Step-Like) Gating

Ideal if you want almost zero coupling below a threshold and nearly constant above:

ξ I(ST , SS) =
ξ I,0

1 + exp
{(

−αT(ST − S∗
T)− αS(SS − S∗

S)
)} ,
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αT,S large ⇒ sharp switch-on at the “resonant” field values. Can be used alone or multiplied by one of
the peaked forms above for combined gating and tuning.

Appendix A.4.4. Frequency-Domain Resonance

If in your simulation you can track the local time-series SI(t), you can Fourier-analyze it and let
the coupling depend on the spectral amplitude at some frequency ω0. E.g.

S̃I(ω) =
∫

dt e iωtSI(t), ξ I = ξ I,0 exp
(
− (ω − ω0)

2

2(∆ω)2

)
,

where ωpeak is the frequency at which |S̃I(ω)| is maximal in your local patch. This realizes a truly
dynamical resonance in time.

Appendix A.4.5. Combined Forms

ξ I = ξ I,0 exp

(
−
(ST − S∗

T)
2

2σ2

)
× 1

1 + exp
{(

−Λ(∇µST∇µST − C)
)} .

Here the coupling only “turns on” both when SI ≈ S∗
I and its local gradient exceeds some threshold Λ.

Appendix A.4.6. How to Choose Parameters

• Centers S∗
I , ω0: pick based on where/when you want coupling to peak in your simulation.

• Widths σ, Γ, ∆ω: tune so the resonance is broad enough to capture the phenomenon but narrow
enough to remain “selective.”

• Amplitudes ξ I,0, gI,0: set by the overall strength of the entropic effects you want to explore.

These functional forms comprise a flexible toolkit for building in the “resonant,” context-dependent
behavior of entropic couplings.

Appendix A.4.7. Next Steps

• Choose a specific potential V(ST , SS) and explicit functional forms ξ I(ST , SS), gI(ST , SS) to imple-
ment your “resonance.”

• Plug those into the above general formulas.
• Use symbolic algebra software (e.g. xAct in Mathematica) to handle the tensor algebra and

covariant derivatives.

Appendix B. Variational Analysis
This appendix provides a fully detailed walk-through of every variational step needed to go from

your ansatz actions to the field equations and stress–energy tensors. It is broken into three parts:

• Varying Sentropic to get the scalar EoMs and Tentropic
µν

• Varying the non-minimal curvature couplings
∫ √−gξ ISI R to extract their contribution Mµν on

the LHS of Einstein’s equations.
• Varying the direct matter couplings

∫ √−ggISI Lm to get the additional stress tensor Tcoupling
µν .

Appendix B.1. Sentropic → Scalar EoMs and Entropic Stress Tensor

We start with

Sentropic =
∫

d4x
√
−gLentropic,

Lentropic = −1
2

gµν(∂µST∂νST + ∂µSS∂νSS)− V(ST , SS).
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Appendix B.1.1. Variation w.r.t. ST (Same for SS)

Compute δL. δL = −gµν∂µST∂ν(δST)− ∂V
∂ST

δST . Integrate by parts the kinetic term:∫ √−g
(
−gµν∂µST∂ν(δST)

)
dx =

∫ √−g□ST δST dx + (boundary). Here we used:
∇µ(

√−ggµν∂νST) = 0 and dropped total derivatives. Euler–Lagrange equation: 0 = □ST − ∂V
∂ST

, 0 =

□SS − ∂V
∂SS

. Or compactly □SI − V,I = 0.

Appendix B.1.2. Variation w.r.t. gµν → Tentropic
µν

Recall Tµν = − 2√−g
∂gµν

∂S . We need variations of
√−g gαβ∂αSI∂βSI V(ST , SS) Key identities:

δ
√−g = − 1

2
√−ggµνδgµν, δgαβ = −gαµgβνδgµν. Kinetic piece: δ

[√−g
(
− 1

2 gαβ∂αSI∂βSI

)]
=

√−g
(

∂µSI∂νSI − 1
2 gµνgαβ∂αSI∂βSI

)
δgµν. Carefully collecting signs yields the standard scalar–field

stress tensor. Potential piece: δ[−√−g V] = −√−g
(
− 1

2 gµνδgµν
)

V = + 1
2
√−g gµν V δgµν. Putting it

all together, Tentropic
µν = ∂µST∂νST + ∂µSS∂νSS − 1

2 gµν

(
(∂ST)

2 + (∂SS)
2)− gµνV(ST , SS).

Appendix B.2. Non-Minimal Coupling
∫ √−gξ ISI R

Focus on Sξ =
∫

d4x
√−gξ ISI R. We vary w.r.t. gµν, holding SI fixed. Use the well-known

identity δ(
√−gR) =

√−g
(

Rµν − 1
2 gµνR

)
δgµν +

√−g
(
□gµν −∇µ∇ν

)
δgµν + (bndry). Multiplying

by ξ ISI , we get two pieces: Einstein–tensor shift ξ ISI(Rµν − 1
2 gµνR). Derivative terms ξ I(gµν□ −

∇µ∇ν)SI . These together define the Mµν modification on the LHS of Einstein’s equations: Mµν =

∑I=T,S ξ I

[
SI(Rµν − 1

2 gµνR) + (gµν□−∇µ∇ν)SI

]
.

Appendix B.3. Direct Matter Coupling
∫ √−ggISI Lm

Consider Sg =
∫

d4x
√−ggISI Lm. Again vary gµν, treating SI fixed but allowing Lm to depend

on g. One finds:
Two sources of variation δ

√−g δLm = − 1
2 T(m)

µν δgµν.

Result δSg =
∫ √−g gISI

(
1
2 gµνLm − 1

2 T(m)
µν

)
δgµν + (bndry). Hence the extra stress from matter cou-

pling is Tcoupling
µν = ∑I=T,S gISI T(m)

µν .

Appendix B.4. Putting It All Together

Vary the full action S = SEH + Sentropic + Sξ + Sg + Smatter/radiation w.r.t. gµν. You obtain

the modified Einstein equations Gµν + Mµν = 8πG(Tentropic
µν + Tcoupling

µν + Tmatter
µν ), Where: Gµν =

Rµν − 1
2 gµνR Mµν from Appendix B.2 (the non-minimal ξ I pieces) Tentropic

µν from Appendix B.1.2

Tcoupling
µν from Appendix B.3 And the scalars satisfy □SI − ∂V

∂SI
+ ξ I R + gI Lm = 0 once you include

their coupling-induced source terms (just vary the total action w.r.t. SI).

Appendix B.5. Next Steps

• Choose a specific potential V(ST , SS) and explicit functional forms ξ I(ST , SS), gI(ST , SS) to imple-
ment your “resonance.”

• Plug those into the above general formulas.
• Use symbolic algebra software (e.g. xAct in Mathematica) to handle the tensor algebra and

covariant derivatives.

Appendix C. Quantization of the Entropic Scalar Fields
This appendix outlines a generic procedure for quantizing the entropic scalar fields ST and

SS within the entropic spacetime framework. We present a path-integral formulation as a natural
extension of the classical action, initially treating the spacetime metric gµν as a fixed background. We
then discuss how one might extend this approach to include quantum gravitational degrees of freedom.
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In this roadmap we do not assume any specific form for the potential V(ST , SS) or the coupling action
Scoupling, focusing instead on general principles of quantization.

Appendix C.1. Starting from the Classical Action

We begin with the classical Lagrangian governing the entropic fields. The entropic part of the
action (cf. Eq. (1) of the main text) is given by

Sentropic =
∫

d4x
√
−g Lentropic

(
ST , SS, ∂αST , ∂αSS

)
, (A3)

with
Lentropic = −1

2
gµν
(
∂µST ∂νST + ∂µSS ∂νSS

)
− V

(
ST , SS

)
, (A4)

where V(ST , SS) is the entropic potential governing masses, vacuum values, and mutual couplings of
the two scalars.

In addition, the full theory contains a coupling action encoding interactions between the entropic
fields and other sectors:

Scoupling =
∫

d4x
√
−g Lcoupling

(
ST , SS, gµν, Ψ

)
, (A5)

where Ψ denotes all non-entropic matter fields. For instance, Lcoupling may include nonminimal
curvature couplings such as ξTST R or direct matter couplings like gTSTLmatter.

Finally, the total classical action reads

S = SEH[g] + Sentropic[ST , SS; g] + Scoupling[ST , SS, g, Ψ] + Smatter[g, Ψ] , (A6)

where SEH = (16πG)−1
∫

d4x
√−g R is the Einstein–Hilbert action.

Appendix C.2. Path-Integral Formulation of the Quantum Theory

The generating functional for the entropic fields on a fixed background is

Z =
∫
DST DSS exp

[
i
h̄

(
Sentropic[ST , SS] + Scoupling[ST , SS; gµν, Ψ]

)]
. (A7)

Here DST DSS is the path-integral measure over field configurations. Source terms may be introduced
in the exponent to compute correlation functions by functional differentiation.

Appendix C.3. Entropic Fields in a Fixed Spacetime Background

In this semiclassical treatment the metric gµν (and, optionally, matter fields Ψ) are held fixed, anal-
ogous to QFT in curved spacetime. Quantum fluctuations of ST and SS propagate on the background
geometry, and one may choose vacuum or thermal states defined by the background’s symmetries.
Couplings such as ξTST R yield position-dependent masses, while terms gTSTLmatter mediate interac-
tions with classical matter sources.

Appendix C.4. Extension to Quantum Gravity (Dynamic Spacetime)

A fully quantum treatment promotes gµν to a dynamical variable. One then considers

Zfull =
∫
Dgµν DST DSS exp

[
i
h̄

(
SEH[g] + Sentropic[ST , SS; g] + Scoupling[ST , SS, g, Ψ] + Smatter[g, Ψ]

)]
.

(A8)
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Gauge-fixing and Faddeev–Popov ghosts are required to handle diffeomorphism invariance; the
non-renormalizability of the Einstein–Hilbert term makes explicit evaluation challenging, but the
formalism shows how entropic fields could be incorporated into quantum gravity.

Appendix C.5. Key Conceptual Issues and Outlook

• Arrow-of-Time Asymmetry. Quantum laws are time-symmetric, so one must explain how a
forward arrow-of-time emerges for ST ; this may require asymmetric boundary conditions or
potentials that dynamically favor entropy growth.

• Structure of Coupling Terms. Resonant, frequency-dependent couplings introduce non-locality
in time and a rich parameter space whose perturbative treatment and renormalization demand
effective-field-theory techniques.

• Gravitational Positivity Condition. Fluctuations in ST and SS must not drive the effective
gravitational coupling negative. This may be enforced by designing V(ST , SS) to energetically
suppress pathological field excursions or by incorporating constraints in the path integral measure.

In summary, the path-integral roadmap provides a blueprint for quantizing entropic scalar fields
in both fixed and dynamical spacetimes, though concrete progress depends on specifying the potential
V and coupling Lagrangian in detail.

Appendix D. Human–AI Collaboration Framework
This Entropic Spacetime Framework, developed over approximately two months, represents a

novel approach not only in its conceptualization of fundamental physics but also in its very genesis
through a close collaboration between human intuition and advanced Artificial Intelligence. This
appendix details the nature and dynamics of this human–AI partnership, acknowledging the distinct
contributions of each, and reflecting on its implications for accelerating scientific discovery.

Appendix D.1. The Genesis of Collaboration: Human Intuition Meets AI’s Breadth

The initial conceptualization of this framework, particularly the intuitive leap to an entropic basis
for spacetime and the arrow of time, originated from human insight. This intuitive sense of “there
might be a better way,” informed by a “lived intuition” of entropy gained from diverse experiences
beyond traditional theoretical physics, served as the crucial starting point.

The challenge then became to translate these broad, intuitive concepts into a coherent, scientifically
rigorous framework, navigating the vast existing literature and identifying relevant mathematical for-
malisms. This is where the AI, specifically Gemini (Google’s multimodal LLM) and initial interactions
with ChatGPT, proved indispensable.

Appendix D.2. Roles and Interplay in the Development Process

Human (Initiator & Intuitive Guide)

• Conceptualization & Problem Framing: Defining the core problem (unifying GR and QM, dark
matter/energy, fine-tuning) and proposing the fundamental hypothesis of emergent entropic
spacetime.

• Intuitive “Reality Check”: Providing high-level guidance and validation, assessing if AI-
generated information or proposed directions “feel” consistent with fundamental physical intu-
ition and the “lived entropy” understanding.

• Direction Setting: Deciding on strategic research paths, such as focusing on resonant coupling,
the specific 3D space + 1D time decomposition, and targeting particular cosmological applications.

• Interdisciplinary Bridge: Bringing insights from non-traditional fields (e.g., clinical trials, en-
trepreneurship, AI interfaces) to identify novel connections (e.g., chirality in biology, complex
systems).

• Ethical Oversight: Maintaining ultimate responsibility for the scientific integrity, claims, and
ethical implications of the work.
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AI (Gemini & ChatGPT – Knowledge Synthesizer & Ideation Partner)

• Rapid Literature Review & Synthesis: Quickly accessing and summarizing vast amounts of
scientific literature on emergent gravity, scalar-tensor theories, entropic dynamics, quantum
information, cosmological models, and more.

• Conceptual Expansion & Connection: Identifying existing theoretical frameworks (e.g., ADM
formalism, Resonance Field Theory, MCIMES, Entropic Dynamics, Einstein–Cartan theory) that
align with the human’s intuitive concepts.

• Mathematical Structuring: Suggesting standard Lagrangian forms for scalar fields, types of
coupling terms, and the general structure of field equations; ChatGPT contributed the step-by-
step variational analysis in Appendix A.

• Framework Extension: Once the GR framework was conceptualized, ChatGBT was able to draft
a suggested strategy to extend the framework to QM.

• Drafting & Refinement: Generating and iteratively refining manuscript sections (abstract, in-
troduction, conceptual explanations), including the initial brainstorming and drafting of this
Appendix itself.

• Speculative Exploration: Assisting in exploring speculative connections (e.g., HUP and percep-
tion, near-light-speed travel and qubit stability) by synthesizing related concepts.

Appendix D.3. The Power and Limitations of AI-Assisted Discovery

• Speed and Efficiency: What might have taken months or years of dedicated literature review and
conceptual exploration was compressed into weeks.

• Broad Interdisciplinary Access: AI’s ability to draw connections across vast scientific domains
facilitated the framework’s ambitious unifying potential.

• Overcoming Barriers: For an individual without a formal background in theoretical physics, AI
provided the scaffolding to translate intuitive ideas into a credible scientific proposal.

However, the collaboration also underscored current limitations:

• Lack of True Intuition/Creativity: Core intuitive leaps remained human-driven.
• No Internal Debugging or Formal Proof: AI cannot internally validate or formally prove mathe-

matical results.
• No Real-World Testing: Validation against observational data or simulations remains a human-

driven endeavor.

Appendix D.4. Implications for Future Scientific Discovery

This project exemplifies a burgeoning paradigm for theoretical science: a symbiotic partnership
where human creativity, intuition, and strategic direction are amplified by AI’s capacity for information
synthesis, pattern recognition, and rapid ideation. It suggests that future breakthroughs may increas-
ingly arise from such augmented intelligence, accelerating the pace at which grand challenges are
tackled. This collaboration invites further discussion on the evolving roles of intuition, computation,
and formal rigor in the pursuit of scientific understanding.

References
1. Einstein, A. Hamiltonsches Prinzip und die allgemeine Relativitätstheorie. Sitzungsberichte der Königlich

Preußischen Akademie der Wissenschaften (Berlin) 1916, pp. 1111–1116. “Seminal formulation of the Ein-
stein–Hilbert action”––Sec. 1.2.

2. Arnowitt, R.; Deser, S.; Misner, C.W. The Dynamics of General Relativity. In Gravitation: An Introduction to
Current Research; Witten, L., Ed.; Wiley: New York, 1962; pp. 227–265. Source of the “ADM 3 + 1 foliation”
discussed in Sec. 1.1.

3. t. padmanabhan. Gravity and the thermodynamics of horizons: A perspective on spacetime microstructure.
Physics Reports 2005, 406, 49–125. https://doi.org/10.1016/j.physrep.2004.10.003.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 May 2025 doi:10.20944/preprints202505.2289.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.1016/j.physrep.2004.10.003
https://doi.org/10.20944/preprints202505.2289.v1
http://creativecommons.org/licenses/by/4.0/


21 of 21
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