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Abstract: This paper introduces a scalar field-theoretic formulation in which general relativistic
curvature emerges as the fixed point of recursive misalignment suppression. At the core of the model
is a scalar residual field, Rsameness, which quantifies the local deviation between energy gradients
and curvature-compensating structure. The system evolves under the Deterministic Scalar Feedback
Law (DSFL), a nonlinear scalar partial differential equation that suppresses misalignment through
recursive scalar correction. Curvature is defined via the Laplacian of a scalar energy field; time, gravity,
and entropy emerge as scalar observables derived from the decay of Rsameness. At equilibrium,
the system asymptotically satisfies the Einstein field equations, not by postulate, but as a scalar
attractor geometry governed by gradient flow. The DSFL framework is analytically well-posed,
structurally frame-invariant, and compatible with both geometric and thermodynamic interpretations
of gravity. It reconstructs spacetime equilibrium from first-order scalar evolution, providing a testable
and variationally independent path to general relativistic structure. A companion paper addresses
empirical validation using cosmological and gravitational wave data.

Keywords: scalar curvature; misalignment suppression; Rsameness; scalar feedback law; gradient
flow; entropy field; frame invariance; emergent gravity; Yang-Mills analogy; thermodynamic geometry

1. Conceptual Glossary

The Deterministic Scalar Feedback Law (DSFL) introduces not only a new model but a new
logic of physical description. It replaces geometric constraints with scalar feedback, and statistical
entropy with structural degeneracy. Time, gravity, and equilibrium are not assumed , they emerge
from recursive misalignment suppression.

This glossary defines the core concepts of the DSFL framework. Each entry includes a formal
expression (when applicable) and a scalar interpretation. Terms are grouped thematically to reflect
their functional role in the scalar architecture.

1.1. Core Scalar Fields

Rsameness R(x,t)

R(x,t) = [|Vo(x, ) + puac(x, B)%,  puac(x,t) == =Vp(x,1) 1)

Quantifies local misalignment between energy gradients and curvature-compensating fields. Drives
scalar feedback dynamics.
Scalar Entropy S(x, t)
S(x,t) :== —logR(x,t) ()

Entropy increases as Rsameness decays. Measures the collapse of structural distinction in field space.
Scalar Time T(x, f)

T(x,t):= Y |R(x,T) — R(x,T —1)] (3)

Cumulative record of misalignment suppression. Represents emergent local time.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Scalar Gravity G(x, t)
G(x,t) :=|VT(x,1)| 4)
The gradient of scalar time. Interpreted as gravitational tension.
Scalar Feedback Law (DSFL)
oR 2
S5 = ~CR+A(C= V%) 4] VSene(x, )] ©)

Describes how Rsameness decays over time through feedback, curvature alignment, and coherence
resistance.

1.2. Equilibrium and Structural Alignment

Curvature Neutrality
Vo(x,t) 4+ pyac(x,t) =0 = R(x,t) =0 (6)

Defines the scalar equilibrium condition. Replaces tensor balance with a recursive scalar condition.
Curvature Target C(x, t) Used in the feedback law to regulate convergence:

C—-V?% as R—0 7)

Vacuum Compensation
Pvac(x/ t) = —VP(xr t) (8)

Acts as a field-level compensator for energy gradients.

1.3. Entropy, Coherence, and Resistance

Entanglement Entropy Field Sent(x, t)

Sent(x,t) := =Tr(pxlogpx), px :=Trz(p) ©)

Represents quantum coherence of spatial regions.
Entanglement Gradient Resistance V Sent Appears in DSFL as:

NV Sent(x, 1) (10)

Resists recursive alignment. Slows the decay of Rsameness.
Degeneracy Function D(R) Defines entropy structurally:

S:= —logD(R) (11)
Captures field-level indistinguishability.
1.4. Derived Principles and Interpretation
Scalar Causality
Z—f <0 (12)

Time’s arrow is defined by monotonic suppression of misalignment.
Structural Emergence Curvature, entropy, and time are not assumed but constructed through
feedback evolution.
Interchangeability Principle The alignment of energy and curvature can be defined without
tensors:
Vp(x, t) + Pvac(xr t) =0 (13)

d0i:10.20944/preprints202504.2052.v1
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Initial Sameness System begins in a curvature-neutral, entropy-free state:
R(x,0) =0 (14)
Tempo-of-Time Field Scalar time field T(x,t) and its gradient G(x, t) define spacetime flow.

2. Reference Summary

This section summarizes the key scalar fields, parameters, and observables introduced in the
DSFL framework. Each entry includes its defining equation and interpretive role in the emergence of
curvature, time, entropy, and gravitational tension from scalar misalignment .

The primary scalar field in DSFL is the Rsameness field, denoted R(x,t). It measures local
misalignment between the energy gradient Vp(x,t) and its curvature-neutralizing compensator
Pvac(x,t) = —Vp(x, t). The Rsameness field is defined as:

R(x,t) := || Vp(x, 1) + pvac(x, )] (15)

This scalar quantity governs the dynamic feedback process that suppresses curvature—energy mis-
match.

The global Rsameness, denoted R(t), is the spatial integral of R(x, t) over the domain (), defined
as:

R(t) := / R(x, 1) dx. (16)
Q
It serves as a global indicator of alignment progression and convergence.

The scalar energy field p(x, t) defines the energy density of the system. Its Laplacian, V2p(x, t) :=
Y., 920(x,t), is used as a scalar curvature proxy.

The vacuum compensator field, defined as pyac (%, t) :== —Vp(x, t), models the ideal curvature-
induced response needed to cancel the energy gradient. Together, p and pyac determine Rsameness.

The curvature proxy field, C(x,t), represents the target curvature structure the system aligns
toward. At equilibrium, it satisfies C(x,t) = V?p(x,t). The residual mismatch between actual and
target curvature is measured by:

Acury (x,1) := C(x,t) — V2p(x,1), (17)

and its squared norm defines the curvature residual:

M(x 1) = (Cle 1)~ Vplx, t))z. (18)

The scalar entropy field, denoted S(x, t), is defined as:
S(x,t) ;== —logR(x,t). (19)

It increases as Rsameness decays, indicating progressive alignment and structural degeneracy in the
field configuration.

The entanglement entropy field, Sent(x, t), quantifies local coherence and is defined via the von
Neumann entropy:
Sent(x,1) := —Tr(pxlogpx), px:= Trz(p). (20)
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Its spatial gradient, VSent(x,t), enters the DSFL evolution law as a resistance term. This gradient
increases local tension, delaying alignment and slowing Rsameness decay.

The time evolution of Rsameness is governed by the Deterministic Scalar Feedback Law (DSFL):

R 2
S = IR+ A(C= V%) 4 &IV Sent(x, 1) 1)

The coefficients ¢, A, and ¢ regulate decay rate, curvature feedback strength, and coherence resistance,
respectively.

The scalar time field T'(x, t) tracks the cumulative history of misalignment correction. It is defined
as:

T(x,t):= Zt: |IR(x,T) —R(x, T —1)|. (22)
=1

This scalar memory field encodes the local passage of time as measured by recursive structural
correction.

The scalar gravity field, denoted G(x, t), is defined as the gradient of scalar time:
G(x,t) := |VT(x,1)]. (23)

It quantifies gravitational tension as the spatial imbalance in correction history. At equilibrium, this
quantity approximates the Einstein tensor:

1%13}) VT(x,t) x Guy(x). (24)

The residual vector e(x, t) := Vp(x,t) + pvac(x, t) is used for empirical validation via cointegra-
tion tests. Its stationarity indicates long-run alignment equilibrium.

For numerical implementations, a discrete timestep Jt is introduced, and the evolution law
becomes:
Ris1(x) = Ri(x) + 0t - [~ZRt +A(C = V20)? + & Vet | (25)

Optionally, a gauge-analogue field A, := 9,0 may be used in analogies with Yang-Mills curvature
norms.

The Einstein tensor Gy, (x) arises as the asymptotic limit of scalar field dynamics. It emerges from
the vanishing of Rsameness and stabilization of scalar memory gradients.

3. Introduction

Can the curvature of spacetime arise not as a constraint, but as the fixed point of scalar feedback?
At the heart of general relativity lies the Einstein field equations (EFE), which impose a pointwise
identity between curvature and energy-momentum:

G;u/(x) = 8ZTTGT;¢V(x)r (26)

where G,y is the Einstein tensor and T, is the symmetric stress-energy tensor. This equation defines a

local equilibrium: it states that curvature and energy must exactly balance at every spacetime point.
But this identity is imposed, not derived. The field equations of general relativity assume that

alignment is already in place; they do not explain how it arises. They model equilibrium but contain
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no mechanism for reaching it. If geometry and energy are initially misaligned, the theory offers no
prescription for resolving the imbalance.

From Imposed Tensor Geometry to Scalar Feedback.

This paper proposes a different view: that spacetime curvature is not a constraint, but a conver-
gence. Instead of encoding geometry through tensorial postulates, we define it as the terminal state of
a scalar evolution law. The entire framework is based on replacing tensor-imposed curvature with
scalar feedback-based alignment.

We introduce a scalar residual field, Rsameness, which quantifies local misalignment between
energy gradients and their ideal curvature-compensating response. This field evolves under a scalar
partial differential equation, the Deterministic Scalar Feedback Law (DSFL), which recursively sup-
presses misalignment until scalar equilibrium is reached. In this setting, curvature is not assumed. It is
earned.

Key Insight.

The Einstein tensor does not arise from imposed constraints, but as the asymptotic outcome of
recursive scalar realignment. Geometry is not externally specified, it emerges from the cumulative
history of misalignment correction encoded in scalar memory.

Scalar Memory and Curvature Alignment

1. Rsameness Field. Local misalignment is quantified by:
R(x,t) := 4||Vp(x, t)|*. 27)

This scalar field measures the pointwise deviation between the energy gradient and its
curvature-compensating response.

2. Scalar Memory (Time Field). The cumulative alignment effort is recorded by:

T(x,t) = /Ot

This field aggregates the total suppression of Rsameness at each spatial location, functioning as

R e, 1)

57 dr. (28)

a local memory of alignment history.

3. Scalar Gravity. Spatial variation in alignment memory defines gravitational tension:
G(x,t) := |VT(x,t)|. (29)

This gradient quantifies the uneven distribution of alignment effort and is interpreted as scalar
gravitational acceleration.

General relativity encodes curvature statically through the Einstein tensor G,,,. DSFL achieves
the same alignment through a scalar memory field whose gradient recovers curvature:

lim VT(x,t) « Guy(x). (30)

t—o0

Thus, in DSFL, geometry is not imposed. It is reconstructed from the memory of recursive
correction.

The Equilibrium Assumption in General Relativity.

In real physical systems, equilibrium is not instantaneous. Fields typically undergo misalignment
before reaching balance, which is achieved through processes of local correction. Thermodynamic
systems model this via dissipation. General relativity, however, lacks such a mechanism: it postulates
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perfect curvature-energy alignment through the Einstein field equations but offers no description of
how this balance is attained. The identity G, = 87;—4GTW holds as a constraint, not as the endpoint of
an aligning process.

From Postulate to Feedback Law.

We replace this constraint-based formulation with a scalar framework that constructs equilibrium
from field-level correction. We introduce a residual scalar field, Rsameness, defined to measure the local
deviation between the energy gradient and its ideal curvature-compensating response. The system
evolves under the Deterministic Scalar Feedback Law (DSFL), a parabolic scalar PDE that recursively
suppresses misalignment and converges toward curvature—energy alignment.

This formulation builds on the thermodynamic paradigm introduced by Bhattacharya and
Chakraborty in JHEP01(2025)037, where gravitational

Comparison with Scalar-Tensor Thermodynamics.

The thermodynamic formulation of scalar-tensor gravity developed by Bhattacharya and
Chakraborty [1] interprets gravitational evolution as a departure from equilibrium, where Noether
charge imbalance drives entropy production. Their framework operates across both the Jordan and
Einstein frames, connected via conformal transformations, and relies on metric-dependent coupling.
This dependence introduces interpretational ambiguity, as key observables, such as entropy and
temperature, are not frame-invariant.

By contrast, the Deterministic Scalar Feedback Law (DSFL) eliminates both the need for frame
specification and the reliance on geometric postulates. It replaces thermodynamic equilibrium as an
assumption with a local scalar recursion law that constructs alignment from first principles. All scalar
observables, entropy, time, curvature, are derived directly from field derivatives, independent of any
metric, connection, or conformal structure. A summary of their scalar-tensor formulation is included
in Appendix ?? for conceptual comparison.

Mechanism and Feedback Law.

Let p(x,t) denote a smooth scalar energy density field. We define its curvature-neutralizing
response as pvac := — Vp, and the scalar residual as

R(x,t) = [[Vo(x,t) + pvac(x, 1) |*. (31)

This field, Rsameness, quantifies local misalignment between energy gradients and their curvature-
compensating structure. Its decay is governed by the DSFL:

oR 2

S5 = ~TR+A(C= V3) "+ VSent], (32)
where C(x, t) is a scalar curvature proxy, Sent(x, t) is an entropic coherence field, and {, A, § € R are
feedback coefficients. This law defines a recursive correction process that recursively aligns curvature

with energy distribution.

A Constructive Scalar Realization of Thermodynamic Gravity.

Thermodynamic interpretations of gravity suggest that the Einstein field equations encode an
equilibrium between geometric and energetic degrees of freedom. Jacobson [2] derived them from the
Clausius relation, interpreting spacetime as a thermodynamic medium. Padmanabhan [3] later argued
that gravitational dynamics emerge from holographic equipartition. Bhattacharya and Chakraborty [1]
extended this view to scalar—tensor gravity, linking Noether currents to heat content and curvature to
entropic relaxation.

Our contribution builds on this framework but replaces postulated equilibrium identities with a
fully local, deterministic feedback mechanism. Rsameness is not inferred, it is computed. Curvature is
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not assumed, it is earned. The DSFL formulation constructs geometry as the terminal state of recursive
misalignment suppression, providing a scalar-first, frame-free foundation for general relativistic
structure.

Hypothesis G1: Scalar Origin of Gravitation.

The Einstein field equations arise as the fixed point of deterministic scalar feedback suppression. Spacetime
curvature emerges when the Rsameness field vanishes under recursive alignment between energy gradients and
their geometric compensators.

Empirical and Numerical Scope.

While this manuscript develops the theoretical and mathematical foundation of DSFL, a compan-
ion study extends the framework to empirical validation. Using Planck CMB and LIGO gravitational
wave data, we reconstruct scalar energy fields and evaluate Rsameness decay across cosmological
and strong-field regimes. Cointegration analysis confirms Rsameness behaves as a long-run equilib-
rium residual. Additionally, a discrete numerical scheme simulates the evolution of scalar feedback,
confirming convergence to curvature—energy alignment. These results support the interpretation of
general relativity not as a postulate, but as a scalar convergence law.

Paper Structure.
In what follows, we:

1.  Define the Rsameness field as a scalar measure of curvature-energy misalignment and formulate
its evolution under the Deterministic Scalar Feedback Law (DSFL);

2. Derive scalar observables, time, gravity, and entropy, from the decay of Rsameness, linking them
to alignment effort and structural degeneracy;

3. Prove that general relativistic curvature emerges as the fixed point of the DSFL, where misalign-
ment vanishes and scalar memory gradients stabilize;

4.  Develop a rigorous mathematical interpretation of Rsameness as a coercive energy functional in
Sobolev spaces, and relate its minimization flow to variational and gauge-theoretic structures;

5. (In a companion paper) Test the empirical predictions of Rsameness dynamics using Planck
CMB and LIGO data, validating the scalar feedback framework through statistical cointegration
analysis.

4. The Equilibrium Assumption in General Relativity

The Einstein field equations establish a pointwise identity between spacetime curvature and
energy-momentum:

Gy (x) = CTT;W(X)/ (33)

where G,y = Ry — %ng is the Einstein tensor and Tj,, the symmetric stress—energy tensor. Equa-
tion (33) is not an evolution equation, it is a constraint. It must be satisfied at every spacetime point x#,
ensuring an exact match between geometric curvature and energy content.

This balance is postulated, not produced. If curvature and energy are misaligned, the Einstein
equations cease to hold. There is no correcting field, no misalignment residual, no feedback term.
General relativity models equilibrium, but not its approach.

ADM Decomposition: A Constraint Structure.

This becomes especially clear in the ADM (3 + 1)-split of spacetime, where Einstein’s equations
separate into constraint and evolution components. The Hamiltonian constraint,

167G
&

R®) + K2 — K;K'T = (34)
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enforces instantaneous balance between energy density p and spatial curvature R(®), with extrinsic
curvature Kj; and its trace K. Equation (34) must hold identically on each spatial hypersurface. No
term in the theory accounts for how this condition is reached if violated initially.

No Correction Pathway.

By contrast, most physical systems, including fluid flows, statistical ensembles, and electrical
networks, contain equations that describe how deviation from equilibrium decays over time. For
example, in linear dissipative systems:

dX
with @ > 0, a residual quantity X is explicitly driven to equilibrium. General relativity lacks such
a decay mechanism. It contains no structure that enforces G,, — BZTTGTW through a sequence of
recursive corrections.

Thermodynamic Interpretations.

To address this, several works have recast Einstein’s equations as equilibrium relations. Jacobson
[2] derived Equation (33) from the Clausius relation 6Q = TdS, interpreting spacetime as a thermo-
dynamic identity on local Rindler horizons. Padmanabhan later showed that the Einstein equations
express holographic equipartition between bulk and boundary degrees of freedom [3,4]. Most recently,
Bhattacharya and Chakraborty [1] extended this logic to scalar—tensor gravity, interpreting Noether
charges as heat content and gravitational evolution as the departure from equipartition.

In all of these, equilibrium is central. The Einstein equations emerge as identities valid when a
deeper system has already balanced. None of these frameworks propose a concrete field that regulates
and eliminates imbalance. They explain equilibrium but do not construct its formation.

Why Constructing Equilibrium Matters.

Equilibrium is not merely a mathematical constraint, it is a physical reality. It underpins the
stability of self-gravitating systems, the structure of cosmological spacetimes, and the thermodynamics
of black holes. If a theory assumes perfect balance at every point without modeling how such balance
arises from initial misalignment, it risks embedding the endpoint as an axiom. A physically complete
gravitational theory should not assume equilibrium but explain how it is recursively reached. This
requires an internal mechanism capable of correcting deviations, locally and causally, over time.

Principle of Constructed Equilibrium

A gravitational theory is complete only if it constructs curvature-energy equilibrium from
first principles. The existence of balance must result from a local, causal evolution law that
recursively suppresses misalignment. Rather than postulating G, = 87;—4(; Ty, the theory must
generate this condition as the asymptotic outcome of field dynamics.

Constructive Reformulation via Rsameness.

The model proposed in this paper constructs a local residual field, Rsameness, that quantifies
geometric misalignment. Let p(x, t) be a scalar energy field and define:

pvac(x,t) := =Vp(x,t),  R(x,t) = |Vo+ pvacll* = 4] Vp|*. (36)
When R(x,t) = 0, local curvature—energy balance is achieved.

We then introduce the feedback law:

oR 2
S = IR+ A(C= V%) +&|VSen(x 1), (37)
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where C is a scalar curvature proxy, Sent an entropic coherence field, and g, A, ¢ > 0 are fixed coefficients.
Equation (37) suppresses misalignment recursively, driving the system toward curvature—energy
alignment. The residual R is not treated as a violation of geometry; it is a functional driver of its
formation.

Conclusion.

The Einstein equations model a system already at equilibrium. They enforce identity without
offering a corrective process. The scalar feedback formulation presented here does not begin at
equilibrium, it achieves it. In this view, geometry is not imposed. It is earned.

5. Scalar Feedback and Misalignment

General relativity enforces curvature-energy equilibrium through constraint equations, rather
than deriving it from a correction process intrinsic to field dynamics. In contrast, the scalar framework
developed here treats equilibrium as the final outcome of an evolving system. We propose a scalar
field-theoretic mechanism in which spacetime curvature emerges through the recursive suppression of
a misalignment field, without invoking metric postulates or variational action principles.

Following the Principle of Constructed Equilibrium, we formalize a scalar law that generates
curvature—energy alignment from residual suppression. Specifically, we define a scalar field R(x, t),
termed Rsameness, which quantifies the local mismatch between the energy gradient and its ideal
curvature-compensating response.

Let p(x, t) be a smooth scalar energy density field defined on a differentiable manifold M, and let
V denote the spatial gradient operator. The vacuum response is defined as

Pvac(x,t) := —=Vp(x,t), (38)
leading to the Rsameness field:
R(x,1) := [|V0(x, ) + pac(x, 1)II* = 4] Vo(x, 1) (39)

This field measures the extent of local misalignment. When R(x, t) = 0, the energy gradient and its
curvature-neutralizing field cancel exactly:

R(x, t) = 0 = vp + pvac = 0- (40)

This defines a pointwise condition of scalar equilibrium, generalizing geometric alignment without
invoking tensors.

To describe how Rsameness evolves, we introduce the Deterministic Scalar Feedback Law (DSFL), a
scalar evolution equation of the form:

o = —tR+A(Clxt) — V(1) + 8V Sem (1,1, @)
where { > 0 sets the rate of residual decay, A > 0 weights the curvature alignment penalty, and
¢ > 0 captures resistance due to quantum coherence. The field C(x, t) is a scalar curvature proxy, and
Sent(x, ) denotes a local entropic coherence potential.

Each term in Equation (44) has a distinct physical role. The term —(R promotes exponential
suppression of misalignment. The curvature correction term (C — Vzp)2 penalizes deviation between
emergent and target curvature. The final term introduces resistance from entanglement gradients,
which impede local restructuring in coherent domains.
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The DSFL defines a scalar correction process guided by measurable misalignment. It is not
derived from variation of an action, nor does it require tensorial geometry. Instead, it formulates a
local alignment flow in scalar field space. To capture this globally, we define the Rsameness functional:

Rlp] ::/QR(x,t) dx:4/0||Vp(x,t)||2dx, 42)

which later serves as an energy landscape driving scalar realignment.

In contrast to thermodynamic approaches that infer equilibrium from variational extremization
[2-4], the DSFL framework constructs equilibrium from scalar field interaction. Time, gravity, and
entropy emerge not as assumptions but as results of suppressing Rsameness. The residual field is
more than a diagnostic, it drives the transition to curvature balance. In this role, Rsameness functions
analogously to a Lyapunov measure, continuously decreasing along the trajectory to equilibrium.

This approach diverges sharply from both classical GR and scalar—tensor theories. In general
relativity, the identity G,y = SZTGTW is enforced directly. In scalar-tensor models, equilibrium arises
from conserved Noether charges [1], but still remains externally imposed. The DSFL replaces this with
an internally defined scalar mechanism that realigns geometry through local correction.

In this formulation, equilibrium is not granted, it is achieved. Rsameness quantifies deviation
from geometric consistency, and the DSFL prescribes a lawful trajectory for eliminating this deviation.
The model offers a frame-free, fully scalar formulation of gravitational structure, one that is compatible
with both mathematical analysis and numerical implementation.

6. Fixed Points and Emergent General Relativity

The central claim of this work is that general relativistic curvature arises not as a postulated
identity but as the asymptotic fixed point of a scalar feedback law. Specifically, we show that the
Deterministic Scalar Feedback Law (DSFL), under appropriate regularity conditions, generates a
scalar trajectory that converges to a unique, globally attractive equilibrium, corresponding to the
curvature—energy alignment encoded in the Einstein field equations.

6.1. The Scalar Feedback System

Let p(x,t) € C2(Q x [0,00)) be a smooth scalar energy density field on a compact spatial domain

Q C R3, with smooth boundary 90}, and initial data p(x,0) € C?(Q). Define the residual misalignment
field as

R(x,1) = [[Vo(x,t) + prac(x 1)[* = 4| Vo(x )%, prac := = Vp. (43)

The Rsameness field quantifies deviation from local curvature—energy equilibrium.
We now consider the evolution equation governing R(x, t),
oR 2
S = —GR+A(Clx,t) = V2p(x,8) )+ &V Sent(x, 1), (44)
where: - C(x,t) € CO(Q x [0,0)) is a scalar curvature proxy, - Sent(x,t) € H'(Q) is an entanglement
entropy potential, - , A, & > 0 are positive feedback coefficients, - and VSent € L2(Q).
The right-hand side of Equation (44) models Rsameness as subject to decay, curvature correction,
and resistance due to coherence structure.

6.2. Existence of a Unique Equilibrium

We study the evolution of R(x,t) in the Hilbert space L?(Q)). Consider the functional:

FIR] := /Q (ZR? — 2AR(C = V?p)? — 28R|| VSene] ), (45)
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which acts as a Lyapunov-type potential for the system. The DSFL can be interpreted as the steepest
descent on this functional:

d dR OF
E/()R(x,t)dx—/ﬂg(x,t)dx——ﬁ. (46)

Under sufficient regularity, F is coercive and weakly lower semicontinuous in L2, and the DSFL
defines a gradient flow in the sense of Brezis-Lions [5] and Hale [6]. By LaSalle’s invariance principle
for infinite-dimensional systems, we obtain:

dR
1 _— = (
thrgo I 0 = R(xt)—=RY%), (47)

with fixed-point structure given by:
Rlx) =0 iff C(x)=V?(x),  VSent(x)=0. (48)

This defines the unique attractor of the system: a configuration of complete curvature alignment
and coherence flattening. The RSameness field vanishes, and the entropy gradient reaches equilibrium.

6.3. Scalar Interpretation of the Einstein Tensor

To interpret this fixed point geometrically, we define the accumulated Rsameness correction
(scalar memory):

floR
T(x,t) '7/0 g(x,r) dt, (49)
and the associated memory gradient:
G(x,t) := |VT(x,t)|, (50)

which we interpret as a scalar analogue of gravitational tension.
We postulate that, as R(x, t) — 0, the field T(x, t) stabilizes, and its spatial gradient approximates
the norm of the Einstein tensor:
lim VT(x,t) o Guy(x), (51)

t—o0

where GW is the Einstein tensor of the metric reconstructed from the scalar curvature proxy
C(x) = V?p(x). In this sense, the scalar memory of misalignment correction encodes the accumulated
geometric tension that, in general relativity, is captured by curvature.

Thus, the Einstein identity does not emerge from constraint but as the asymptotic limit of recursive
scalar alignment. General relativity is recovered not as an axiom, but as a terminal state of feedback
suppression in field configuration space.
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6.4. Formal Result

Theorem: Fixed Point of the Scalar Feedback Law

Let p(x,t) € C>(Q x Ry), and assume that the scalar curvature proxy C(x,t), the Laplacian
V2po(x,t), and the entropic gradient VSent(, t) are square-integrable over the domain Q, i.e.,
all lie in L?(Q)). Suppose that the feedback coefficients satisfy ¢, A, & > 0.

Then the Deterministic Scalar Feedback Law

R z
= TR+ A(C— %)+ VSent 2)

admits a unique, asymptotically stable fixed point given by

lim R(x,t) =0 = C(x) = V?0(x), VSent(x)=0. (53)

t—o0

Furthermore, if geometric curvature is reconstructed from the Laplacian of the energy field p,
then the spatial gradient of the scalar memory field satisfies

lim VT(x, 1) o Gyy(x), (54)

t—o0

demonstrating that the Einstein field equations arise as the terminal state of scalar misalignment
suppression.

6.5. Frame Independence in DSFL: Beyond Jordan and Einstein

This construction operationalizes and extends the thermodynamic interpretations of gravity
developed in foundational works. Jacobson [2] famously derived the Einstein field equations from
the Clausius relation 6Q = TdS, interpreting spacetime geometry as an equation of state for local
Rindler horizons. Padmanabhan [3] further developed this view by linking gravity to holographic
equipartition, where field equations emerge as a balance between surface and bulk degrees of freedom.

In scalar—tensor extensions of this framework, Bhattacharya and Chakraborty [1] examined how
thermodynamic gravitational laws evolve under non-minimal coupling of a scalar field ¢ to the Ricci
scalar R. This leads to two formally equivalent but physically distinct formulations: the Jordan frame,
in which ¢ modifies geometry directly, and the Einstein frame, where the scalar is minimally coupled
after a conformal transformation.

While mathematically interchangeable at the level of classical field equations (up to boundary
terms), the physical equivalence of these frames, especially in thermodynamic and quantum settings,
remains unresolved [7,8]. Bhattacharya and Chakraborty argue that gravitational dynamics represent
departures from equilibrium, encoded in a Noether current interpreted as surface heat. However, their
construction depends on variational identities that are frame-sensitive. Quantities such as the surface
entropy and the local Unruh temperature transform nontrivially under conformal rescaling unless
specific counterterms are included [9,10].

This frame sensitivity complicates the definition of invariant gravitational observables and raises
interpretive difficulties regarding entropy, equilibrium, and time evolution. The challenge remains: to
formulate a theory of emergent geometry that is both local and frame-independent, while remaining
compatible with thermodynamic principles.

The DSFL framework proposed here addresses this gap. It constructs curvature—energy equilib-
rium using only scalar quantities, gradients, Laplacians, and scalar norms, defined without reference to
a background metric or conformal factor. No variational principle is used, and no tensorial geometry is
assumed. As a result, all observables in the model, Rsameness, entropy, scalar time, and scalar gravity,
remain invariant under conformal transformations. Frame dependence is eliminated not through
regularization, but by construction.
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DSFL as a Frame-Invariant Scalar Architecture

The Deterministic Scalar Feedback Law (DSFL) is intrinsically frame-independent. It requires
no metric tensor, no conformal factor, and no variational action.Unlike scalar—tensor theories, which
define gravitational behavior through frame-sensitive coupling between scalar fields and spacetime
geometry, DSFL formulates gravitational equilibration entirely from scalar field relations. It operates
without any reference to background geometry, conformal rescaling, or coordinate frame.

All quantities in DSFL are defined pointwise using scalar observables:

e The scalar energy field p(x, 1),

e Its spatial gradient Vp(x, t),

e The vacuum compensator pyac(x, t) := —Vp(x, 1),

e The curvature proxy C(x,t) := V?p(x, 1),

*  The residual misalignment field R(x,t) := ||Vp + pvac||*> = 4[| Vp||?.

None of these objects references a metric, a conformal transformation, or a frame-dependent
redefinition. They are constructed entirely from derivatives and norms of p, defined directly on the
field’s configuration space, independent of manifold structure, coordinate system, or affine connection.

From these scalar ingredients, DSFL defines physically meaningful observables:

t
S(x,t) := —logR(x,t) (scalar entropy), T(x,t):= )_ |R(x,7) = R(x,7—1)| (scalar time),
=1

(55)
G(x,t) := |VT(x,t)| (scalar gravity). (56)

All these observables are computed from gradients, Laplacians, and norms, without tensors or
geometric structures. Their values remain invariant under conformal rescaling of any hypothetical
background metric:

Suv = Suv = Q*(x) Suv- (57)

Under such a transformation, the scalar gradient is unchanged:
Vup = Vup = Vyp. (58)
However, the scalar Laplacian transforms nontrivially:

- 1 VHQ

where the correction term, proportional to V#Q) - V0, introduces frame dependence through its
coupling to the scalar gradient.
In the DSFL framework, this frame dependence is eliminated asymptotically. The feedback law
explicitly suppresses Vp over time:
tli_>r(r)1° Vo(x,t) =0. (60)

As a result, the conformal correction term in the Laplacian vanishes:

L2 : 2

tlgglov p= tILIEOV p. (61)
This guarantees that all core DSFL observables, Rsameness R(x, t), scalar entropy S(x, t), scalar
time T(x,t), and scalar gravity G(x, t), are fully conformally invariant in the equilibrium limit. Their
definitions involve only scalar gradients, Laplacians, and norms, none of which depend on frame-

specific geometric structures.
The DSFL framework does not compensate for frame sensitivity; it eliminates it. By driving the
system toward Vp(x, ) — 0, DSFL ensures that the conformal correction terms in transformed differ-
ential operators vanish identically. As a result, gravitational equilibrium is reached in a configuration
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where all frame-dependent effects are extinguished, not through adjustment or regularization, but
through scalar field evolution itself. The theory becomes manifestly frame-free by construction and by
outcome.

The term “frame-dependent corrections” refers specifically to additional terms that appear in
differential operators, such as the Laplacian, under conformal rescaling of the background metric.
When a scalar field p evolves on a manifold with metric Suv, and this metric is rescaled conformally,

Suv = Suv = 0*(x) Suvs (62)
the Laplacian transforms as:

V2o = % <V2p +(d —2) VZ;QVMP>, (63)
where d is the spacetime dimension. The second term, proportional to V#Q) - V0, is a frame-dependent
correction. It arises from the interaction between the conformal factor Q)(x) and the energy gradient
Vop.

In the DSFL framework, this correction term vanishes in the asymptotic regime because the
feedback mechanism is designed to suppress the gradient:

tll}r(r)lo Vo(x,t) =0. (64)
Therefore, the frame-dependent term drops out:

. (VIO 2 2
}L%(QVVP) =0, = tll}rglov o= V-p. (65)

As a result, any DSFL observable that involves the Laplacian, such as the curvature proxy
C(x,t) = V?p, is unaffected by conformal rescaling in the long-time limit. Since all other observables
(Rsameness, entropy, scalar time, scalar gravity) are constructed entirely from scalar derivatives and
their norms, they too become conformally invariant at equilibrium.

Frame Invariance by Scalar Convergence

In DSFL, frame-dependent corrections do not need to be canceled, they vanish on their own.
The theory becomes conformally invariant not through transformation rules or adjustments,
but because the scalar field evolves to eliminate all frame-sensitive structure. The model is
frame-free by outcome, not by assumption.

In summary: DSFL achieves gravitational structure without reference to spacetime geometry. The
emergence of curvature and entropy occurs through intrinsic scalar alignment, not through geometric
postulates or frame-dependent variational identities [1-3]. No tensor field is ever introduced; no
action is ever minimized; and no frame must ever be chosen. Unlike scalar—tensor theories that rely
on conformal frames to define gravitational behavior [7,8], DSFL is frame-free by design, not by
cancellation of terms, but by architectural exclusion.

6.6. Mathematical Proof: DSFL is Frame-Free
Let p(x,t) € C2(Q x R, ) be a smooth scalar energy density field. Define the Rsameness field as:

R(x,t) :=||Vp(x,t) +pvac(x,t)\|2, Pvac := —Vp(x,t). (66)

Clearly, in equilibrium:
R(x,t) = | Vo(x,t) — Vo(x,t)||* = 0. (67)
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We now prove that the entire DSFL framework is invariant under conformal rescaling of the
background metric.

1. No Metric Dependence.

The DSFL framework defines all physical quantities directly from scalar field derivatives, without
invoking any metric gy, Christoffel symbols, or curvature tensors. In contrast, scalar-tensor theories
rely on quantities like the Ricci tensor Ry, and conformally rescaled fields ¢, where:

glﬁ;l?stein _ (P g_}ﬁ/rdan. ( 6 8)

In DSFL, the core quantities are:

Vo(x,t), V20(x,t), (69)
which are defined on the configuration space of p and require no reference to the underlying geometry.
2. Invariance Under Conformal Rescaling.

Under a conformal transformation of the background metric,
g = uv = (%) g, (70)
the gradient of a scalar field remains unchanged:
Vup = Vup = Vyp. (71)
The Laplacian transforms as (see [11]):

V2o =

1 VHQ) >’ )

oz <V2P +(d=2) =5~V

where d is the spacetime dimension. The second term is a frame-dependent correction that couples the
conformal factor Q)(x) to the scalar gradient.
In DSFL, this correction vanishes in the asymptotic regime, because the feedback law enforces:

tlg(r)lo Vo(x,t) =0. (73)
Consequently,
lim V20 = V2. (74)

Thus, all Laplacian-based observables in DSFL, including the curvature proxy C(x,t) = V?p, become
frame-invariant at equilibrium.

3. Scalar-Only Observables.

DSFL observables are constructed exclusively from scalar field operations:
e Rsameness: R(x,t) = 4||Vp(x,t)|]?,
e Entropy: S(x,t) :== —logR(x,t),
e Scalar time: T(x,t) := YL _; |[R(x,T) — R(x, T —1)|,
e Scalar gravity: G(x,t) := |VT(x,t)|.
These depend only on scalar gradients, Laplacians, norms, and arithmetic operations. No metric tensor,
affine connection, or frame-dependent structure is used.

4. No Boundary Term Sensitivity.

Scalar—tensor thermodynamic models often suffer from frame dependence due to boundary terms. For
example, in conformal transitions from Jordan to Einstein frame, the term:

V=8¢ (75)
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modifies Noether currents and entropy densities [1,9,10]. DSFL is unaffected by such terms. It involves
no variational action and includes no geometric boundary terms by construction.

Conclusion.

DSFL constructs all physical observables, Rsameness, entropy, scalar time, and scalar gravity,
from scalar derivatives of a single field p(x, t). These quantities are coordinate-invariant, metric-free,
and remain unchanged under conformal transformations in the equilibrium limit. This contrasts
sharply with scalar—tensor theories, where physical predictions often vary across frames (e.g., Jordan
vs. Einstein), as documented in [7,8,12].

Therefore, DSFL is not frame-invariant by adjustment or cancellation, it is frame-free by design.
The evolution of p(x, t) inherently suppresses all frame-dependent correction terms, ensuring that all
scalar observables remain conformally invariant in the equilibrium limit.

This leads to the following formal result:

Theorem: Frame-Freedom of DSFL

Letp(x,t) € C>(Q x R;). Then all DSFL observables, constructed from Vp(x,t), V2p(x, t), and
scalar norms, remain invariant under conformal transformations of the background geometry:

S = G = O (X) G- (76)

In the asymptotic regime Vp(x, ) — 0, all frame-dependent correction terms vanish identically.
No metric, connection, or curvature terms appear anywhere in the formulation. Therefore,
DSFL is intrinsically frame-free by construction.

The Deterministic Scalar Feedback Law (DSFL) introduced here moves beyond these frameworks.

It provides a local, frame-invariant, scalar-only mechanism that recursively suppresses misalignment

between the energy density gradient and its geometric compensator. The residual field R(x, t), termed

Rsameness, evolves under a first-order scalar PDE and vanishes only at the fixed point of complete
alignment:

lim R(x,t) =0 = C(x,t) = V?0(x,t), VSent(x,t) =0. (77)

t—o0

Where Jacobson and Padmanabhan derive the Einstein equations from thermodynamic and
variational principles, and Bhattacharya interprets them through conserved Noether charges, DSFL
reframes them as asymptotic outcomes of scalar recursion. The Einstein tensor is not postulated, it is
reconstructed from the gradient of scalar memory:

lim VT(x, 1) o Gy (x). (78)

t—r00

DSFL and the Scalarization of Thermodynamic Gravity

Prior Work: Jacobson [2], Padmanabhan [3], and Bhattacharya [1] interpret general relativity as
an equilibrium condition, derivable from entropy balance or Noether identities.

This Work: We introduce Rsameness as a scalar residual and show that the Einstein equations
emerge as the fixed point of its recursive suppression. Gravity arises not from imposed
symmetry or extremization, but from scalar feedback dynamics.

Key Distinction: From imposed constraint to emergent equilibrium; from variational identity
to scalar memory flow; from thermodynamic analogy to field-level recursion.

This formalism generalizes thermodynamic gravity by supplying a concrete mechanism through
which equilibrium is not merely postulated but attained. Gravitational structure is no longer imposed
externally, it arises as the terminal state of recursive scalar realignment.
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7. Mathematical Structure and Scalar Geometry

To establish the Deterministic Scalar Feedback Law (DSFL) as a physically predictive and math-
ematically well-defined theory, we must demonstrate that its evolution equation admits globally
well-posed solutions and is stable under perturbations and discretization. This requires formulating
the theory within the framework of nonlinear partial differential equations on Sobolev spaces, where
energy minimization and flow dynamics are rigorously characterized.

In this section, we show that Rsameness, the scalar field quantifying energy—curvature misalign-
ment, defines a coercive, weakly lower semicontinuous functional on the Sobolev space H' (Q)), which
ensures the existence, uniqueness, and regularity of DSFL solutions via standard results from nonlinear
analysis [5,13,14]. We then formulate the DSFL evolution as a gradient flow in field configuration space
and analyze its long-time behavior using the theory of infinite-dimensional dissipative systems [6].

Beyond analytic consistency, we interpret the structure of Rsameness as a scalar analogue of
curvature energy. The form R(x,t) = 4[| Vp(x, t)||? closely parallels the Yang-Mills energy functional
[15], where Vp serves as a scalar analogue of a gauge connection and V?p as a curvature proxy. This
analogy situates DSFL alongside well-known variational field theories, but without requiring bundle
structures or geometric assumptions.

Finally, we demonstrate that DSFL naturally aligns with higher-derivative and renormalizable
gravity models. In particular, its structure mirrors scalar curvature flows arising in asymptotically safe
gravity [16] and functional renormalization group (FRG) equations [? ], but reformulated entirely in
scalar, frame-free terms. As such, the DSFL framework provides both a rigorous analytic foundation

and a meaningful bridge between geometric curvature theories and non-perturbative scalar dynamics.

7.1. Rsameness and Sobolev Well-posedness

To establish the mathematical consistency of the DSFL framework, we begin by placing the
Rsameness field and its evolution equation within the well-developed theory of nonlinear partial
differential equations on Sobolev spaces. The functional properties of Rsameness, specifically coercivity,
lower semicontinuity, and differentiability, ensure that its gradient flow is globally well-posed. These
results follow from foundational work in functional analysis and PDE theory: Evans [13] formulates
the classical regularity theory for second-order elliptic and parabolic equations, while Zeidler [14]
and Brézis [5] establish convergence, stability, and existence theorems for energy-minimizing flows in
Hilbert and Banach settings.

Let QO C R3 be a compact domain with smooth boundary 9Q), and let p(x, t) be a scalar energy
field with regularity

p(x,t) € HH(Q)NC?(QOxRy),  p(x,0) € H(Q). (79)
Define its spatial gradient and Hessian by
Vp = (ax1p/ axzp/ 3x3p), Hij = a?cix]-p' (80)

We define the Rsameness field as the squared norm of the misalignment between the energy
gradient and its intrinsic curvature-compensating response:

R(x, ) := || Vo(x, 1) + pvac(x, 1)]|* = 4] Vo(x, )|, (81)

where the vacuum field is defined as pvac := —Vp. Rsameness is a pointwise quantity: it measures
local geometric tension at each position x € (2, and vanishes where scalar energy gradients are exactly
compensated by internal response.

To characterize the system globally, we introduce the Rsameness functional:

Rp] ::/QR(x,t)dx:éL/Q||Vp(x,t)||2dx, (82)
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which is equivalent to the classical Dirichlet energy. As a functional on H!(Q), R[p] is coercive and
weakly lower semicontinuous [13,14], ensuring the existence of a unique minimizer in the variational
setting.

Furthermore, the functional derivative 6R /Jp is well-defined in the dual Sobolev space H!(Q).
This defines a gradient flow evolution:

dp _ IRl
5= o (83)
interpreted as the steepest descent of curvature misalignment in scalar configuration space. Under
standard regularity assumptions, this flow is globally well-posed and convergent.

Hence, the recursive suppression of Rsameness is not merely a heuristic feedback rule, it consti-
tutes a rigorously defined, energy-minimizing trajectory governed by the tools of modern nonlinear
analysis. This provides the analytic foundation for treating DSFL as a mathematically consistent,
curvature-reducing scalar field theory.

7.2. Gradient Flow Formulation and Uniqueness

The evolution of Rsameness under the Deterministic Scalar Feedback Law (DSFL) is governed by
a nonlinear parabolic partial differential equation:

W~ R+ A(Cl )~ V20 1)) + 2l VSene(x ), (84)
where { > 0 controls passive decay, A > 0 penalizes deviation from curvature alignment, and ¢ > 0
introduces entropic resistance. This equation defines a dissipative flow on the scalar residual energy
field R(x,t) = 4||Vp(x,t)||?, which encodes pointwise geometric tension between energy gradients
and their curvature-compensating response.

To analyze the global behavior, we define the Rsameness energy functional:

Ripl =4 [ [V 0)|2dx, (55)
and interpret DSFL as a gradient flow on R [p]. If the curvature proxy is decomposed as
C(x,t) = V2p(x,t) + 6C(x, t), (86)

the energy decay inequality becomes:

ZRIPO] < ~CRIp()] + 4 [ (0C)dx + &V S, 1 )

dt
If 3C € L?(Q) and VSent € L?(Q) remain bounded, the right-hand side remains finite. Energy
dissipation and convergence to equilibrium are guaranteed as long as the decay term { dominates the
correction terms.

This formulation is structurally equivalent to gradient flows in Hilbert spaces, as developed in the
classical work of Brézis and Lions [5] and further generalized in Hale’s theory of dissipative recursively
systems [6]. Under standard regularity assumptions, the DSFL equation defines a globally well-posed
flow in H!(Q) with continuous dependence on initial data and asymptotic convergence:

lim R[p(t)] = 0. (88)

t—o0

d0i:10.20944/preprints202504.2052.v1
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The geometric structure of this flow reveals a deeper analogy: Rsameness plays a role akin to
curvature energy in gauge theory. In Yang-Mills theory, the energy functional

YM(A) = /M Tr(Fq A F4) (89)

minimizes field strength F4, derived from a connection A. Donaldson’s treatment of curvature flows
on instanton moduli spaces [15] and the geometric reformulation in Baez and Muniain [17] motivate
the interpretation of Vp as a scalar connection and V?p as a scalar curvature proxy.

From the gravitational side, DSFL aligns naturally with thermodynamic interpretations of curva-
ture. Padmanabhan [3] frames general relativity as a holographic balance between bulk and boundary
degrees of freedom, while Verlinde [18] derives gravity as an entropic effect from informational gra-
dients. In this framework, Rsameness plays the role of a scalar thermodynamic potential that drives
recursive curvature alignment.

Finally, the DSFL model extends the scalar—tensor thermodynamic theories of Bhattacharya
and Chakraborty [1], in which gravitational dynamics emerge from departures from Noether-based
equipartition. Unlike those theories, however, DSFL introduces no metric coupling, no boundary
entropy terms, and no frame ambiguity. It realizes geometric equilibrium through a fully local scalar
recursion law, yielding curvature via misalignment suppression rather than by geometric postulate.

7.3. Theoretical Placement and Conceptual Alignment

The structure of Rsameness as a scalar curvature energy functional parallels foundational princi-
ples in both gauge theory and thermodynamic gravity. In Yang-Mills theory, curvature is defined by a
connection A on a principal bundle, with field strength F4 = dA + A A A. The energy functional

YM(A) = /M Tr(Fa A %Fa) (90)

generates a curvature-minimizing flow over the space of connections. Donaldson’s development
of instanton moduli space flows [15] and the gauge—-geometry synthesis of Baez and Muniain [19]
motivate interpreting Vp as a scalar connection and V?p as a scalar curvature analogue within the
DSFL framework.

On the gravitational side, DSFL aligns with thermodynamic formulations of spacetime. Pad-
manabhan [3] interprets gravity as the emergence of holographic equipartition between bulk and
boundary degrees of freedom, while Verlinde [18] describes gravity as an entropic effect resulting from
informational gradients. In this setting, Rsameness functions as a scalar residual potential, encoding
misalignment between energy flow and internal curvature compensation.

The DSFL model also connects directly to scalar-tensor thermodynamic theories, notably the
work of Bhattacharya and Chakraborty [1], who describe time evolution as a consequence of Noether
charge imbalance in modified gravity. However, DSFL departs fundamentally from these approaches:
it introduces no metric-dependent action, no conformal frame transformations, and no boundary heat
terms. Instead, it enforces geometric alignment purely through local scalar feedback, providing a
frame-invariant, variationally consistent mechanism for recursive curvature suppression.

Thus, DSFL bridges functional energy flow, gauge curvature theory, and thermodynamic gravita-
tional balance in a unified scalar formalism, grounded in classical PDE analysis and consistent with
emergent gravitational behavior.

7.4. Weak Convergence and Numerical Stability
Let {pn} C H'(Q) be a sequence of scalar fields converging weakly to p, that is:

pon —p inHY(Q), Vp,— Vp inL?Q). (91)
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Define the sequence of Rsameness fields by
Ry (x) := 4[|V (). (92)

Then, since the L?-norm is strongly continuous under weak convergence in Hilbert spaces, it follows
that:
R, — R:=4|Vp(x)||> stronglyin L}(Q). (93)

This result shows that the Rsameness field is stable under weak convergence in H!(Q)), and hence
under common forms of numerical approximation, such as finite element discretizations or time-
stepping schemes.

Moreover, this convergence guarantees that recursive feedback updates defined by DSFL remain
consistent under mesh refinement or resolution scaling. In particular, it ensures that the field R remains
well-defined and robust when used in functional renormalization group settings or variational learning
architectures. Therefore, the scalar curvature formulation encoded by Rsameness is numerically
stable, variationally consistent, and suitable for both computational simulation and theoretical coarse-
graining.

7.5. Comparison with Scalar—Tensor Theories: Brans—Dicke and Horndeski

Scalar-tensor theories such as Brans-Dicke [20] and Horndeski [21] extend general relativity by
introducing a scalar field ¢ coupled to curvature via a metric-dependent action. These models modify
the Einstein equations through a variational principle and allow additional degrees of freedom, but they
remain explicitly tied to a background metric g, and often involve conformal frame transformations
between Jordan and Einstein representations.

A well-known issue in such theories is the ambiguity of physical observables under conformal
rescaling. For instance, the definition of entropy, surface gravity, or gravitational temperature may
vary depending on the frame in which the scalar—tensor theory is evaluated [1]. This ambiguity
complicates thermodynamic interpretations and renders scalar observables frame-dependent unless
carefully regularized with additional boundary terms.

In contrast, the DSFL framework constructs scalar observables directly from local field residuals
without coupling to curvature tensors or requiring a variational action. Rsameness is defined purely
from first derivatives of the scalar field p, and all feedback is expressed in terms of gradient flows
on scalar quantities. As such, DSFL avoids the interpretational pitfalls of Brans—Dicke or Horndeski
models by eliminating both the metric and the conformal transformation entirely.

While scalar—tensor theories seek to generalize general relativity by adding scalar dynamics to
an existing geometric framework, DSFL inverts this logic: it defines curvature itself as the emergent
outcome of scalar recursion. It offers not a modification of metric gravity, but a scalar-first reformulation
in which curvature alignment arises recursively from local field structure.

7.6. Beyond Moduli Geometry: Scalar Curvature Without Predefined Topology

Quantized gauge theories such as Chern-Simons and geometric recursion frameworks [22,23]
rely on the existence of global moduli spaces, such as the space of flat connections Mg, (X, G) on a
Riemann surface .. These models encode curvature through bundle structure and quantize pre-defined
geometric data.

While mathematically elegant, such theories assume a fixed topological and geometric back-
ground, typically a principal bundle, surface, or connection space. The curvature Fy = dA+ AN Ais
derived from a chosen connection A, and the energy functional [ Tr(F4 A xF4) operates over Mga;.

In contrast, the DSFL model defines curvature emergence without pregeometry. It begins with a
scalar field p(x, t), defines Rsameness as

R(x,t) == 4]|Vp(x, 1), (94)
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and interprets scalar curvature via the Laplacian:
C(x,t) := V?p(x,t). (95)

No bundles, metrics, or moduli spaces are introduced. Geometry is not quantized, it is built recursively
from scalar misalignment.

Where Andersen’s formalism quantizes curvature on top of existing geometry, DSFL recursively
constructs geometry from local scalar flow. It offers a classical, frame-free alternative that could
interface with renormalization group flows or thermodynamic gravity models, without assuming the
moduli geometry that geometric recursion requires.

7.7. Gauge-Theoretic Analogy

The structure of Rsameness closely parallels the mathematical architecture of Yang-Mills gauge
theory. In Yang-Mills theory, a connection A € Q!(P; g) on a principal G-bundle determines a field
strength (curvature) via the two-form:

Fpi=dA+ANA, (96)
and the dynamics are governed by minimization of the Yang-Mills energy functional:
YM(A) = / Tr(Fa A %Fs), 97)
M

where « is the Hodge dual and g is the Lie algebra of a compact gauge group G. The idea of encoding
force through curvature has its roots in Weyl’s 1918 attempt to unify electromagnetism and gravitation
[24], and was formalized in modern gauge theory by Yang and Mills [25].

We propose a scalar analogue of this structure. Let p(x,t) € C>(Q x R;) be the scalar energy
field in DSFL. We interpret its gradient A, := 0,0 as a scalar connection 1-form, and its Laplacian as
the scalar curvature proxy:

F:=dA=V?. (98)

Then, the Rsameness field becomes:
R(x, 1) = 4[| Au(x, )], (99)

which directly mirrors the quadratic form ||F4 ||? in gauge theory. Rsameness thus serves as a scalar
curvature energy density, and its gradient flow defines an alignment trajectory in scalar configuration
space.

The DSFL evolution equation,

oR 2 \2

S = ~ER+A(Clr ) = V30) 4+ VSent(x, 1), (100)
implements a scalar curvature-suppression process, analogous to the heat flow of Yang-Mills energy
[15,19]. In this analogy, p plays the role of a scalar gauge potential, yet the DSFL model remains entirely
local and frame-invariant: no Lie group, bundle structure, or connection theory is required.

Despite this simplification, the structural correspondence is deep. Both DSFL and Yang-Mills
theory define curvature energy functionals and gradient flows that suppress misalignment. Where
gauge theory achieves geometric equilibrium through connection curvature, DSFL achieves it through
recursive scalar feedback alone.

This analogy situates DSFL within a broader tradition of curvature minimization, while elimi-
nating the need for geometric structures such as bundles or gauge groups. For foundational treat-
ments of Yang-Mills curvature dynamics, see Donaldson’s analysis of instanton moduli [15], the
gauge—geometry framework of Baez and Muniain [19], Weyl’s original unification of gravitation and


https://doi.org/10.20944/preprints202504.2052.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 April 2025 d0i:10.20944/preprints202504.2052.v1

22 of 29

electromagnetism via scale symmetry [24], and the non-Abelian gauge theory introduced by Yang and
Mills [25].

7.8. Relation to Higher-Order Gravity and Renormalization

Higher-derivative gravity theories include curvature invariants such as R?, RyyR", R in the ef-
fective action, which arise naturally in quantum corrections to Einstein gravity. These terms contribute
to the generalized Lagrangian:

Sur = [ (aR+BR2 +7V,RVR+--- ) /=g, (101)

as studied in the context of asymptotically safe gravity and the functional renormalization group (FRG)
[16,26]. Such models aim to define quantum gravity through scale-dependent effective actions that
remain consistent in the ultraviolet limit.

In the DSFL framework, Rsameness mimics this higher-derivative structure in a purely scalar
setting. Specifically, we observe that in linearized regimes,

R(x,t) = 4| Vp(x, )| ~ IV (VZ0)II?, (102)

which is third-order in the scalar field p, and parallels the form of | VR ||? in nonlocal or nonperturbative
gravity models. This suggests that Rsameness plays the role of a curvature energy term compatible
with both metric-free and covariant formulations.

Additionally, the DSFL evolution equation,

% _ —M, (103)
ot op

can be interpreted as a scalar renormalization flow, structurally analogous to functional gradient
descent in field theory and machine learning contexts [27]. This parallels the exact RG equation
introduced by Wetterich [? ], in which the effective potential flows with respect to a running energy
scale.

Therefore, DSFL defines a continuous curvature-reducing trajectory in scalar configuration space,
aligning conceptually with renormalization group flows and curvature minimization strategies used
in quantum gravity. It achieves this without invoking tensorial degrees of freedom or background-
dependent regularization.

7.9. Conclusion

Rsameness defines a coercive scalar curvature functional over H!(Q), whose gradient flow
yields a globally well-posed evolution equation [5,13]. The DSFL system thus minimizes curvature
misalignment through scalar recursion, structurally analogous to Yang-Mills flows [15] and consistent
with higher-derivative and renormalizable gravity models [16? ]. In this formulation, gravitational
structure emerges as the fixed point of a scalar feedback law, not as a geometric postulate.

8. Final Formulation: Rsameness as Scalar Curvature Driver

We now consolidate the scalar foundation of the Deterministic Scalar Feedback Law (DSFL),
which governs the local suppression of geometric misalignment in scalar field space. The key insight is
that general relativistic curvature need not be postulated through variational actions, metric structures,
or imposed symmetries. Instead, it can emerge from the recursive minimization of a pointwise scalar
residual, termed Rsameness, that quantifies local tension between energy gradients and their intrinsic
curvature-compensating response.

This formulation completes the DSFL framework: it defines a curvature diagnostic, an evolution
law, and a convergence mechanism using only first- and second-order scalar derivatives. The result is
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a fully local, frame-invariant, and analytically robust theory of emergent curvature that reconstructs
gravitational structure from scalar misalignment alone.

8.0.1. Gradient Flow Equation: Scalar Feedback Law

We define the evolution of Rsameness via a scalar nonlinear parabolic partial differential equation:

oR 2

35 = —CR + )\(C(x, t) — VZP) + &l VSent(x, )|, (104)
where ¢ > 0 governs misalignment decay, A > 0 penalizes curvature deviation, and ¢ > 0 introduces
resistance from internal entropic gradients V Sept, reflecting coherence constraints in thermodynamic
systems [3,18]. The scalar curvature proxy C(x,t) approximates the Laplacian V2p, induced by the
energy field distribution.

We interpret Equation (104) as a gradient flow on the scalar curvature energy functional:

RIp] ::/QR(x,t)dx:AL/Q||Vp(x,t)||2dx, (105)

which is coercive and weakly lower semicontinuous on H'(Q) [5,13,14]. These properties ensure
the global well-posedness of the flow and convergence to a scalar equilibrium under mild regularity
assumptions.

This structure mirrors that of Yang-Mills theory, where geometric curvature is minimized by
evolving a gauge connection A, with the associated field strength F4 = dA + A A A defining the
energy functional:

YM(A) := /M Tr(Fa A%Fy). (106)

In DSFL, the scalar field p plays an analogous role: its gradient Vp acts as a connection, and its
Laplacian V2p as a scalar curvature proxy. The Rsameness field,

R(x,t) = 4[|Vp(x, 1), (107)

thus serves as a scalar curvature energy density, formally analogous to ||F4||? in gauge theory [15,19].

The key distinction is that DSFL requires no fiber bundle, no Lie algebra, and no geometric
action. It captures the same alignment entirely through scalar feedback: a local, recursive correction
of curvature tension via Rsameness decay. This makes Equation (104) not just a physical evolution
law, but a scalar mechanism of curvature equilibration, analytically complete and geometrically
independent.

8.0.2. Scalar Observables: Time, Gravity, and Entropy

The recursive suppression of Rsameness generates three emergent scalar observables that charac-
terize the temporal evolution, spatial tension, and structural entropy of the scalar field p(x, t). Each of
these quantities is purely local, pointwise-defined, and constructed without reference to any geometric

background.
Scalar time T'(x, t) measures the accumulated history of misalignment correction at each point:
floR
T(x,t):= | |=—(x,7)ldT. 108
(x8)= [ |5 m)|de (108)

This field serves as a scalar arrow of time: it increases monotonically with local alignment effort and
encodes the temporal memory of Rsameness decay.
Scalar gravity G(x, t) is defined as the spatial gradient of scalar time:

G(x, 1) = |VT(x,1)], (109)
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and represents the spatial rate of recursive correction. Interpreted physically, it captures local curvature
tension and acts as a scalar analogue of gravitational acceleration.
Scalar entropy S(x, t) is derived directly from Rsameness:

S(x,t) :== —logR(x,t), (110)

which increases as misalignment is suppressed. It quantifies the loss of geometric distinction in the
field structure, analogous to entropy growth in thermodynamic systems.

These scalar observables provide an intrinsic encoding of time, curvature, and entropy within the
DSFL framework. Their evolution reflects a thermodynamic logic of geometric equilibration, consistent
with interpretations of gravity as emergent from information-theoretic and holographic principles
[3,18].

8.1. Fixed-Point Structure: Proof of Equilibrium Alignment

In the Deterministic Scalar Feedback Law (DSFL), the field p(x, t) evolves by suppressing local
curvature—energy misalignment. This suppression is encoded in the Rsameness field R(x, t), and its
decay is governed by the scalar feedback equation:

JdR

o = IR+ /\(C(x, t) — V2(x, t))2 + |V Sent(x, 1) 111)

A fixed point is reached when the Rsameness field stops evolving;:
R =0. (112)

This signals equilibrium, where local misalignment no longer exists or is further reducible.
Substituting d;R = 0 into the feedback law yields the fixed-point condition:

2
0= —ZR+A(C = V%) +¢| VSent] (113)

Now assume that the system approaches perfect alignment, i.e.,, R — 0 as t — oco. This leads directly
to:

2
(= v2) + £ VSen] =0. (114)

Since both terms are non-negative, this equality holds if and only if:
C(x,t) = V20(x,t),  VSent(x,t) =0. (115)

These are the defining equilibrium conditions of the DSFL model:

- The prescribed curvature proxy C(x, t) exactly matches the Laplacian of the energy field p, - And
local coherence is maximized, as the entropic gradient vanishes.

In traditional thermodynamic gravity, such as the framework in [1], equilibrium arises from the
balance of Noether charges between bulk and boundary degrees of freedom. In contrast, DSFL defines
equilibrium purely in terms of local scalar suppression. Rsameness, in this context, plays the role of a
scalar thermodynamic potential: its vanishing marks the completion of curvature alignment.

In the long-time limit, the scalar time field

T(x,t) == /0 t

accumulates the total history of correction. Its spatial gradient defines scalar gravity:

oR
E("' T)

dt (116)

lim VT(x,t) o< Guy(x), (117)

t—o0

d0i:10.20944/preprints202504.2052.v1
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recovering the weak-field Einstein tensor norm in geometric gravity.

Interpretation. In the DSFL model, curvature is not imposed. It is approached. Geometry arises as the
attractor of scalar misalignment decay. When Rsameness vanishes, the system achieves both curvature
matching and coherence flattening. The scalar feedback law thus reconstructs general relativistic
structure, not through axioms, but through recursive equilibrium convergence.

This construction defines a fully local, scalar-only, and frame-invariant mechanism for gravita-
tional structure. It is thermorecursively consistent, numerically robust, and geometrically emergent.
Curvature is not a constraint. It is an earned equilibrium.

8.2. Theoretical Interpretation and Significance

The scalar feedback formulation introduced here satisfies three core theoretical objectives. First, it
defines a curvature—energy diagnostic that is scalar, local, and compatible with geometric interpretation.
Second, it introduces a dynamic law for recursive suppression of residual misalignment, providing a
mechanism for curvature emergence. Third, it derives gravitational observables, time, entropy, and
acceleration, as scalar fields generated through misalignment decay.

This approach extends the thermodynamic perspective on gravitational field equations originally
proposed by Jacobson [2] and developed by Padmanabhan [3,4]. It also resonates with Einstein’s own
efforts to interpret the field equations not merely as postulates, but as deductive consequences of deeper
physical structure. In his 1923 Princeton lectures [28], Einstein emphasized that the geometrization of
gravity must emerge from the behavior of fields rather than be imposed. Similarly, in The Meaning of
Relativity [29], he acknowledged the incompleteness of general relativity in explaining the origin of its
geometrical assumptions.

The DSFL model responds to that challenge by constructing a fully local, scalar, and frame-
invariant mechanism for recursive alignment. In contrast to scalar—tensor theories such as Brans-Dicke
gravity [20] and Horndeski’s generalized second-order field theory [21], which rely on metric-
dependent action principles and face difficulties preserving thermodynamic consistency across confor-
mal frames [1], DSFL derives its recursive dynamics directly from scalar field misalignment. It requires
no variational principle, no background metric, and no transformation rules between frames.

In this framework, the Einstein field equations arise not as axioms or equilibrium assumptions,
but as the asymptotic fixed point of recursive scalar feedback:

ImR(x,t) =0 = C(xt)= V2o(x,t) ~ R. (118)
Curvature is not fundamental, it is earned. Geometry arises from the memory of recursive misalign-
ment correction. Gravity is reinterpreted as scalar tension in alignment history. Time becomes a record
of alignment effort; entropy, a scalar trace of structural degeneracy.
This formalism thus offers a scalar-first, testable, and constructively grounded path toward
general relativity, aligned with Einstein’s original vision of deriving universal laws through field
evolution rather than geometric imposition.
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Fixed-Point Theorem of Scalar Misalignment Suppression

Let o(x,t) € C?(Q x R ) be a smooth scalar energy field, and let the Rsameness field
R(x,t) := 4| Vp(x,)[> (119)

evolve under the Deterministic Scalar Feedback Law:

%{ = (R+ A(C(x, t) — V2(x, t))2 + &V Sent(x, 1) (120)

If > 0, and the system satisfies lim; ;o R(x,t) = 0, then the fixed point of the evolution
satisfies:
C(x,t) = V?0(x,t),  VSent(x,t) =0. (121)

That is, the scalar curvature proxy matches the Laplacian of energy density, and entropic
gradients vanish. These are the scalar equilibrium conditions. In this limit, the gradient of

VT(x,t) = v(/o

approaches the Einstein tensor norm G, (x) in the weak-field limit:

accumulated Rsameness,
HoOR

T

(x,7)

dr), (122)

tILr?o VT(x,t) x Guy(x). (123)
Conclusion: Curvature is not imposed, but emerges as the asymptotic state of recursive scalar
alignment. The Rsameness field vanishes only when both geometric tension and coherence
imbalance are fully resolved.

9. Concluding Reflection: Geometry as Earned Equilibrium

Einstein taught us that geometry follows physics. In general relativity, this principle takes the
form of the Einstein field equations, which impose a pointwise identity between energy and curvature.
However, these equations assume alignment, they do not describe how it arises. Misalignment is not
modeled, it is excluded.

The Deterministic Scalar Feedback Law (DSFL) offers an alternative: geometry as a memory of
recursive correction. The scalar residual field R(x, ), or Rsameness, records the deviation between
energy structure and curvature response. Its decay encodes the reconciliation of energy and geometry.
Time, in this model, is the integral of effort. Gravity is the gradient of scalar memory.

This scalar-first formalism revives Einstein’s deeper aim: not to postulate geometry, but to deduce
it from evolving field relations. As Einstein wrote in 1933, in his lecture On the Method of Theoretical
Physics:

“The supreme task of the physicist is to arrive at those universal laws from which the cosmos can be
built by pure deduction.”
— A. Einstein [30]

The DSFL framework contributes to this task. It constructs the laws of curvature not from
symmetry, constraint, or action, but from recursive scalar evolution. Geometry, in this approach, is not
assumed, it is earned.
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Notation Summary

This table lists the scalar fields, parameters, operators, and auxiliary quantities used throughout the DSFL formu-

lation.

Symbol Meaning and Interpretation

p(x,t) Scalar energy density field over space x and time ¢.

Vo(x,t) Spatial gradient of the energy field.

V20(x,t) Scalar Laplacian of p; used as a curvature proxy.

Pvac(x, ) Vacuum compensator field; defined as —Vp(x, f).

R(x,t) Rsameness field; scalar residual measuring local energy—curvature misalignment.
R(t) Spatial integral of Rsameness; global misalignment indicator.

Rlp] Global Rsameness functional; energy integral of || Vp||%.

C(x,t) Scalar curvature target field; used in the DSFL to regulate alignment.
Acurv(x,t)  Residual mismatch between C(x,t) and Vzp(x, t).

M(x, t) Squared magnitude of curvature residual.

S(x,t) Scalar entropy field; monotonic function of R(x, t).

Sent(x, ) Entanglement entropy field; local coherence potential.

VSent(x,t)  Spatial gradient of entanglement entropy; coherence resistance.
T(x,t) Scalar time field; integral of Rsameness decay.

G(x,t) Scalar gravity field; spatial gradient of scalar time T (x, t).

e(x,t) Residual vector Vp + pyac; used in stationarity tests.

ot Time increment in numerical discretizations.

Ri(x) Discrete-time evolution of Rsameness at step t.

A ¢ DSFL parameters: decay rate, curvature correction weight, and entropic resistance.
Ay Gauge-analogue field: 9,,0; used for Yang-Mills analogies.

Guv(x) Einstein tensor; approximated in DSFL by VT (x, t) in the asymptotic limit.
p(x,t) Scalar energy field.

Vo(x,t) Spatial gradient of energy.

V2p(x,t) Laplacian; used as scalar curvature proxy.

R(x,t) Rsameness field: local energy—curvature misalignment.

C(x,t) Target curvature field in feedback law.

S(x,t) Scalar entropy; increases as R vanishes.

T(x,t) Scalar time: integral of misalignment suppression.

G(x,t) Scalar gravity: gradient of scalar time.

ot Discrete timestep in numerical schemes.

Ay Scalar connection analogue: 9;,0.

Guv(x) Einstein tensor, recovered asymptotically.
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