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Abstract

We demonstrate that the approach to a balance manifold dynamically suppresses curvature contribu-
tions, yielding an effectively flat universe without requiring fine-tuned initial conditions or a turning
point in the evolution. Inflation corresponds to a regime of entropy imbalance along a scale-flow
trajectory, and its termination occurs naturally as the system reaches balance, without engineered exit
mechanisms, additional fields, or potential features. While the full mathematical structure is developed
within Newell’s stochastic framework, its cosmological interpretation is most transparently understood
through a logarithmic gauge mapping inherent to entropy-controlled evolution. This establishes an
entropy clock as a minimal and physically natural description of early-universe dynamics in the Forced
GUT setting.
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1. Introduction

A central challenge in early-universe cosmology is to explain why the universe is spatially
flat, homogeneous, and dynamically stable over many orders of magnitude without relying on
finely tuned initial conditions or engineered model features. Conventional inflationary scenarios
successfully address these observations, but typically do so by prescribing dynamics in cosmic time
and invoking specific potentials, auxiliary fields, or exit mechanisms whose physical origin lies outside
the inflationary phase itself. This raises a structural question: whether accelerated expansion is
fundamentally a time-driven process, or instead a manifestation of deeper constraints associated with
scale, entropy, and renormalization flow.

In this work we argue that within Newell’s stochastic Forced Grand Unification (Forced GUT)
framework [1], these cosmological properties emerge as consequences of entropy-controlled scale
evolution, most transparently described in a logarithmic gauge. By treating a logarithmic scale variable
as the fundamental evolution parameter (rather than a derived measure of expansion), flatness and
exit arise dynamically without turning points or tuned endpoints, reframing inflation not as a special
phase to be engineered, but as a generic relaxation process toward an entropy-balance manifold.

2. What is Universal vs. What is Novel: Logarithmic Expansion and the
Choice of Clock

A central object in inflationary cosmology is the number of e-folds,

N = /Hdt - 1n(if), (1)

which measures multiplicative growth of the scale factor. It is important to distinguish (i) what is
universal about Equation (1) from (ii) what is structurally distinct in the present framework.
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2.1. Layer 1: The Logarithm Is Universal (Not Unique To Any Model)

The logarithmic form of Equation (1) follows directly from the definition of the Hubble parameter
as a fractional expansion rate. For any FLRW cosmology with scale factor a(t),

H(t) = at) ()

H(t)dt = —-sdt = =, (©)

(% da as
_/ = 1n(ai>. (4)

Therefore the relation N = In(as/a;) is model-independent and cannot be used as a uniqueness claim
because it is implied by H = 4/a [2-4].
2.2. Layer 2: Where The Real Mathematical Difference Lives

The substantive distinction is not the formula for N. The distinction is what the theory takes to be
the independent evolution parameter (the “clock”).

Standard inflation (typical).

The standard formulation takes cosmic time f as fundamental. The dynamical system is evolved
in ¢, and inflation is defined as an interval in time during which accelerated expansion occurs (often
phrased via ey (t) < 1fort € [t;, tf]), with

t

N = /fH(t)dt. 6)
t

Present framework (entropy/RG clock).

By contrast, the present framework takes a logarithmic RG/entropy variable as the fundamental

o= ln(ﬁ), (6)

and treats early-universe evolution as flow in ¢ rather than as an interval delimited in cosmic time. In

evolution parameter,

this picture, the logarithmic variable is not derived as bookkeeping after integrating H = 4/a; it is the
primary coordinate along which the dynamics are formulated [1].

Standard inflation (typical) Present framework (this work)

Fundamental variable: cosmic time ¢ Fundamental variable: o = In(u/u.)

Log enters as a consequence of N = [ Hdt

Duration phrased as a chosen interval ¢t €
[ti, tf]

Exit typically implemented via model ingredi-
ents (potential, extra fields, reheating prescrip-
tion)

Log status: derived bookkeeping after solving
in ¢

Log enters because scale is the physical evolu- [1]
tion parameter

Duration set by relaxation along the o-flow
toward balance

Exit is structural: approach to an entropy-
balance / unification manifold

Log status: dynamical coordinate used to for-
mulate the evolution

The logarithmic identity N = In(as/a;) is universal; the novelty lies in the role of the logarithmic variable as a fundamental

evolution parameter rather than a derived quantity.

2.3. Initial Condition as an RG Offset (Not a Tuned “Start Time”)

In the present formulation one introduces only an initial RG/entropy offset ¢; < 0 as a reference

point along the scale-flow trajectory and follows the flow toward o = 0. Crucially, 0; is not a tuned start
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time. The termination point is selected dynamically by approach to the balance condition (fixed-point
/ attractor structure in o-flow), and inflation persists precisely for as long as the entropy-imbalance
drive remains nonzero.

3. Other Important High-Energy Contextual Limits

In standard inflationary language, accelerated expansion requires a dominant, slowly varying
driver that suppresses curvature faster than matter or radiation. We argue that this condition is
naturally realized in a high-energy, weakly dissipative Hamiltonian limit of the dynamics. In this
regime, evolution is governed by Hamiltonian transport with entropy acting as a control variable,
leading to monotonic relaxation toward equilibrium without turning points or engineered control
mechanisms. Analogous limiting behavior appears in kinetic and plasma systems where Hamiltonian
transport dominates over dissipation [1,5].

5,,
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In(a/ag)

Figure 1. Purely kinematic logarithmic expansion. Because H = d(Ina)/dt, the relation N = [ Hdt = In(a/ay)
follows as an identity. This figure is a one-to-one mapping and does not encode acceleration or observational
viability.

4. Conclusions

We have shown that the logarithmic expansion commonly encoded by the number of e-folds,
N = [Hdt = In(as/a;), is a universal kinematic identity rather than a defining feature of any
particular inflationary model. The physical distinction of the present work lies in the identification
of a logarithmic scale variable as the fundamental evolution coordinate governing early-universe
dynamics. Within Newell’s stochastic Forced Grand Unification framework, the natural clock is an
entropy-controlled renormalization parameter, along which the system relaxes toward an entropy-
balance (unification) manifold [1]. In this formulation, accelerated expansion, spatial flatness, and exit
from the inflationary regime arise dynamically as structural consequences of entropy-driven scale flow,
without requiring turning points, fine-tuned initial conditions, or engineered exit mechanisms.

5. Curvature Suppression as a Kinematic Criterion in Logarithmic Flow Variables
We begin with the FLRW Friedmann constraint including spatial curvature k € {—1,0,+1},

8nG k

H? = - =
3 P

)
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and define the curvature density parameter
k
Introduce the logarithmic expansion variable
N = Ina. )
From Equation (8),
K]
|Qk‘ = 2H2" (10)
Taking logs and differentiating with respect to N = In a yields
din|Qy| dinH
R )
Curvature is suppressed when dIn [(|/dN < 0, i.e.
dinH
-1 12
N (12)
Let the RG/entropy clock be
— ®
( He ) (19
Then by the chain rule,
dinH
dinH " js
do
so Equation (12) becomes
dinH dN
- . 1
i = do (15)
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