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Abstract

Ricci flow is a canonical geometric coarse-graining rule that evolves a metric by curvature
diffusion while exhibiting monotone entropy-like functionals. This paper embeds Ricci flow into
the Aether Physics Model (APM) in a Quantum Measurement Units (QMU) normalization by
scaling geometry to the quantum length A and parameterizing flow-time in quantum cycles of
F,. The central proposal is a QMU-normalized Ricci-DeTurck flow for a dimensionless metric g,
coupled to a ledger-closure defect field ® enforcing the APM identity A, curl = Fq2 Ac? as a
constraint manifold in configuration space. A Perelman-type functional is augmented by a ledger
penalty term, yielding an operational closure diagnostic: admissible APM geometric smoothing
trajectories are precisely those admitting monotone Wapy with @ — 0. Fixed points and solitons
are interpreted as ledger-stable Aether configurations. A discretized log-scale stepping scheme is
provided to align geometric renormalization with APM log-window operator mechanics, and two
experimentally accessible proxy programs are proposed to test ledger-monotone relaxation under
geometry smoothing.

Keywords: Quantum Measurement Units (QMU); Aether Physics Model (APM); Ricci flow;
Perelman entropy; curvature diffusion; geometric renormalization; ledger closure; DeTurck gauge.
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1 Motivation and scope

Ricci flow was introduced by Hamilton [1982] as a canonical evolution equation for Riemannian
metrics, and it became a principal tool for understanding curvature concentration, singularity
formation, and canonical geometric decomposition. Perelman’s entropy functionals [Perelman, 2002,
2003] provided monotone quantities and a controlled singularity continuation mechanism (surgery),
enabling a complete program for three-manifold evolution and classification.

In physics-facing contexts, Ricci flow appears as geometric renormalization: in nonlinear sigma
models, the target-space metric runs with scale, and the leading-order RG beta function is governed
by Ricci curvature [Woolgar, 2008]. It has also been used to compare Euclidean gravitational saddles
and to study flows between black hole and hot-space configurations [Headrick and Wiseman, 2006].
More recent work explores explicit couplings of Ricci flow ideas to canonical gravity and quantization
frameworks [Alzain, 2022, Lulli et al., 2025].

The Aether Physics Model (APM) is ledger-first: it treats spatial structure as physically meaningful
and requires closure identities connecting primitive rotational and torsional geometries to propagation
invariants. This paper integrates Ricci flow into APM by:
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1. QMU-normalizing the geometric flow using (Ac, Fy);

2. defining ledger closure as a constraint manifold via a defect field ®;

3. introducing an APM-augmented Perelman functional Wapy whose monotonicity becomes a
closure diagnostic;

4. giving a practical discretized log-scale stepping algorithm compatible with APM operator-
window methodology;

5. proposing laboratory proxy experiments that test ledger-monotone smoothing behavior.

1.1 Conventions on flow direction and “time”

Perelman commonly presents the parameter 7 in a backward-time convention (useful for the conjugate
heat equation), while physics presentations often use forward relaxation time. In this paper, 7,
is defined as a forward QMU cycle parameter (increasing with successive smoothing steps). All
monotonicity statements are to be read as “nondecreasing along the chosen convention,” and can
be translated to a backward-7 convention by an overall sign flip and relabeling of the parameter
[Perelman, 2002, Chow and Knopf, 2004].

2 Ricci flow: baseline equations and well-posed evolution

2.1 Hamilton flow

Let (M, g(7)) be a Riemannian three-manifold with metric g;;(7). Hamilton’s Ricci flow is
9-9i5 = —2 Ricij(9), (1)

where Ric;; is the Ricci curvature tensor. For compact manifolds with smooth initial data, short-time
existence holds and the flow smooths curvature in the manner of a nonlinear diffusion process
[Hamilton, 1982, Chow and Knopf, 2004].

2.2 DeTurck gauge (Ricci—-DeTurck flow)

For implementation and analysis it is standard to use a gauge-fixed (strictly parabolic) form,
Ricci-DeTurck flow [DeTurck, 1983]:

0-gij = —2 Ricy;(g) + ViW; + V,; W, (2)

where the DeTurck vector field W is constructed from the difference of Levi-Civita connections of g
and a fixed background metric ¢(?:

Wk = gii (r,{;.(g) - rfj(g@))). (3)

Solutions of (2) correspond to solutions of (1) up to diffeomorphism, while the parabolic character
makes numerical stepping substantially cleaner [Chow and Knopf, 2004].
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2.3 Entropy monotones and controlled singularities

Perelman introduced entropy-like functionals (notably F and W) that are monotone along appro-
priately normalized flows, and used them to control collapsing and singularity formation [Perelman,
2002, 2003]. For APM, the key import is operational: monotonicity supplies a ledger-style diag-
nostic for admissible evolution, and surgery supplies a boundary transition grammar for controlled
localization events.

3 QMU normalization: dimensionless geometry and flow parame-
ter

APM/QMU supplies a canonical length Ac and a canonical frequency F;. We use them to remove
arbitrary continuum scaling from the geometric flow.

3.1 Dimensionless metric and curvature

Introduce a dimensionless metric g by scaling physical metric units with Ag:
Gij = A2 Gijs gij dimensionless. (4)
Define the dimensionless volume element:
AV, = A\c3dV,  dV = detgd’z, (5)
where d3z is dimensionless in the chosen chart.
Define dimensionless scalar curvature and Ricci tensor:

3.2 Dimensionless flow parameter in QMU cycles

Ricci flow parameter 7 carries the scaling of length? in standard bookkeeping. In QMU, define the
dimensionless flow parameter
Tq = Fytyg, (7)

where ¢, is measured in quantum-time cycles (1/F;). Then the QMU-normalized Ricci-DeTurck
flow on g is written as

9,

q

@j = -2 f/{E”(g) + @zf/l\/j + §jl//{\/¢, (8)

where hats denote operators computed with § and a dimensionless background §(®).

Interpretation. Equation (8) is resolution-normalized curvature diffusion: each unit of 7, is one
QMU cycle step, and curvature densities are measured relative to A¢.
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3.3 Thermal analogy and a QMU temperature-potential unit

Ricci flow is parabolic in character and is often described as “curvature diffusion”: geometry relaxes
by dispersing curvature concentrations in a manner structurally analogous to heat diffusion [Chow
and Knopf, 2004].

In QMU, the composite
0 := F,2)\? (9)

is the canonical squared transport scale anchored to the quantum length and quantum cycle. Since
diffusion and relaxation are controlled by such squared-transport potentials, we interpret © as a
QMU temperature-potential unit for geometric smoothing.

This interpretation is reinforced by Perelman’s statistical analogy: the WW-functional is explicitly
related to entropy-like behavior of the flow [Perelman, 2002]. In APM, Ledger One gives

A, - curl = O, (10)

so the QMU temperature-potential is a ledger-invariant product of rotational (A4,) and torsional
(curl) geometry.

A standard identity making the parabolic (heat-like) structure explicit is the scalar curvature
evolution under (unnormalized) Ricci flow:

;R = AR + 2| Ric|?, (11)

which is a heat operator on R plus a nonnegative curvature source term [Chow and Knopf, 2004]. This
motivates treating curvature scalars as temperature-like fields, with © supplying the QMU-native
scale for the relaxation dynamics.

4 APM ledger closure as a constraint manifold

The minimal APM closure identity used here is Ledger One:
Ay curl = F2 N2 (12)

This expresses a propagation invariant decomposed into rotational (Aether unit A4,) and torsional
(curl) geometries anchored by (F,, Ac).

4.1 Closure defect field
Define the (dimensionless) closure defect

o= ln<w> . (13)
Ledger closure corresponds to ® = 0. The APM stance adopted here is:

Geometric smoothing is admissible only along trajectories that preserve closure (¢ = 0)
or that monotonically restore closure (® — 0) while maintaining a monotone APM
entropy functional.
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4.2 Minimal constitutive coupling (effective geometry)

To couple (A,, curl) to geometry without overcommitting, we introduce an effective scalar curvature

proxy built from the closure defect: R R
R := R+ 3 @7, (14)

where § > 0 is a dimensionless stiffness parameter. This treats closure violation as a geometric
energy density that the flow penalizes, analogous to how Perelman penalties control collapse.

On choosing . The parameter S sets the relative strength of ledger restoration versus pure
curvature smoothing. A practical publication-grade stance is to treat 3 as phenomenological and
then report sensitivity: choose 8 so that, for typical admissible states, the penalty contribution
7,3®?% is comparable in magnitude to the curvature contribution Tqﬁ in (15), and check robustness
of closure outcomes over an order-of-magnitude sweep in 5. This makes 8 tunable yet falsifiable: if
no 3 yields stable monotone closure, the coupling fails.

This is intentionally minimal: it does not assume a specific microscopic mapping from Aether
rotation to Riemannian curvature; it only enforces that ledger violation manifests as an energetic
obstruction to admissible geometry evolution.

5 An APM-augmented Perelman functional and closure mono-
tonicity

Perelman’s WW-functional motivates a monotone diagnostic for admissible evolution [Perelman, 2002].
We define an APM-augmented analogue on (M, g).

5.1 Definition of WAPM

Let f be a dimensionless scalar gauge field and let n = 3. Define
~ ~ 12 .
Warm (g, f, 1) = /M |:Tq <R+ HVfH,gA— ﬁ¢2> +f- n] (47r7'q)_”/2 e~/ av, (15)

where H@f“; = Eij(aif)(ajf)-

5.2 Variational role of the ledger penalty and the evolution design constraint

Perelman’s WW-functional achieves monotonic behavior along Ricci flow when coupled to the conjugate
heat equation for the weight e~/ [Perelman, 2002]. The present construction extends Perelman’s
backward-heat coupling by incorporating the ledger potential 3®2 in the same variational channel
as curvature and gradient energy.

Accordingly, we treat monotonicity as an ewvolution design constraint: we choose the coupled
updates of (g, f, Ay, curl) so that Wapy is nondecreasing while ® — 0. A minimal continuous-time
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prescription is to evolve f by a Perelman-type backward heat equation with the additional potential
LD

n

Orf = —Af +||Vf]? — R - B2 + (16)

)
274

coupled to the QMU-normalized Ricci-DeTurck flow for g and a gradient descent for (A,, curl) that
drives ® — 0. This structure is the natural ledger-augmented analogue of Perelman’s coupled (g, f)
system [Perelman, 2002].

5.3 Fixed points and solitons (ledger-stable configurations)

A Ricci-flat fixed point satisfies ﬁl\C” = 0 (in the chosen gauge). More generally, shrinking solitons
satisfy a stationarity condition of the schematic form
1

ﬁijij + €i€jf =9 Gijs (17)
q

with closure enforced by ® = 0. In the APM interpretation: solitons are ledger-stable Aether
geometries in which curvature diffusion is balanced by an internal gauge structure while ledger
closure remains satisfied.

6 Geometric RG and alignment with APM log-scale operator
windows

Ricci flow enters physics most cleanly as geometric renormalization of a running metric, particularly
in nonlinear sigma models where target-space geometry runs with scale [Woolgar, 2008, Carfora
et al., 2020]. This section states the APM alignment:

6.1 Log-scale parameter

Define a log-scale coordinate

q:= ln(i) , (18)

where / is a coarse-graining resolution scale (mesh scale, kernel width, smoothing radius). Then
increments Agq correspond to multiplicative changes of resolution.

6.2 Discrete QMU stepping algorithm (implementable form)

Let g%) be the metric at gz, and choose a stable step size AT, tied to Ag (e.g. Aty = vAgq for
dimensionless v > 0). A practical ledger-aware stepper:

Step A (metric smoothing).

- PN
G0 = ) 2 Ar, Ricy (59) + Ar, (V. +9,,) Y. (19)

ij
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Step B (ledger restoration / constraint projection). Update (A, curl) by a simple gradient
descent on ®2:

AGHD = AE) exp(—na @®),

na,nc > 07 na+nc > Oa (20)
curl #t1 = curl®) exp(—n(; <I>(k)),

so that ® is driven toward 0 while allowing you to choose whether A, or curl carries the primary
correction in your metrology chain.

Step C (monotone check). Compute WX}))M and require

WY > WL and  [9*D] < o). (21)

Failure of (21) is an operational falsifier for the chosen coupling/parameterization.

This discrete form is designed to be directly compatible with APM log-window operator workflows:
you can treat each log-window refinement as an RG step and require ledger-admissibility at every
refinement.

6.3 Flowchart for implementers
7 Singularities and “surgery” as APM boundary transitions

Perelman surgery provides a controlled continuation past singularities by excising high-curvature
regions and gluing in canonical caps [Perelman, 2003]. In APM language, the corresponding
operational idea is:

When curvature concentrates beyond a ledger-admissible threshold (detected by failure
of monotonicity or runaway of Eeﬁ"), the system undergoes a boundary transition: the
high-curvature region is replaced by a canonical, ledger-closed primitive configuration
consistent with the Aether ledger.

This formalizes how APM can treat localization events as rule-governed boundary updates rather
than as breakdowns of the model.

8 Proxy experiments: ledger-monotone smoothing in laboratory-
accessible systems

Ricci flow is a geometric evolution law; in laboratory systems one tests the operational content:
monotone relaxation toward canonical configurations under a smoothing dynamic, while ledger-like
invariants are preserved or restored. In these laboratory proxies, A, and curl are not measured
directly as geometric primitives; rather, they are inferred from experimentally accessible surrogate
observables that participate in a calibrated ledger chain (“ledger proxies”), and the closure test is
applied to the inferred pair.
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Initialize (§(0), O, ASLO), curl(o))
and choose (8,7,14,7c)

Y

{ Step A: update g by (19) }

Y

[Step B: project (A, curl) by (20)}

A4

[Compute d*+1) and WX?I\?}

|

k+1 k
Wirht 2 Wity
and |@F+D| < |d®)|?

k<—k+]‘ ATqaﬁ,UAﬂIC

L Accept step } Reject / adjust J

Figure 1: Ledger-aware Ricci smoothing loop with the monotone/closure gate (21).

8.1 Wavefront-geometry relaxation in tunable index landscapes

In optical /phononic media, wavefronts follow geodesics of an effective metric gog. Prepare a tunable
index landscape with localized high-geodesic-deviation features (effective curvature concentration).
Apply an iterative smoothing protocol (physical or algorithmic) that approximates (8) on gef.

Success criteria. Construct an experimental proxy for Wapn from measured wavefront statistics
(geodesic spread, focusing/defocusing rates) and independently inferred closure proxies for (A, curl),
then test:

AWapm >0 and & — 0.

8.2 Magneto-elastic relaxation in engineered anisotropic media

In engineered anisotropic media, a stiffness or response tensor can serve as a metric proxy. Intro-
duce controlled localized defects (curvature concentrations) and allow relaxation under controlled
dissipation.

Success criteria. Observe whether the system relaxes toward soliton-like stationarity (17) in the
effective metric proxy while closure proxies for (A,, curl) exhibit monotone restoration of ®.
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9 Discussion and conclusion

Ricci flow supplies APM with three high-value structural tools:

e a canonical geometry-smoothing evolution rule [Hamilton, 1982];

o monotone entropy-like functionals that naturally match ledger closure diagnostics [Perelman,
2002];

o a controlled singularity continuation grammar (surgery) that maps cleanly to boundary
transitions and admissible localization events [Perelman, 2003].

By QMU-normalizing the flow with (A¢, Fy) and enforcing ledger closure via the defect ®, APM
obtains an operational criterion for admissible geometry evolution: ledger-closed smoothing is
exactly the class of trajectories admitting monotone Wapy with & — 0.

Minimal closure diagnostic. If extracted A, and extracted curl do not stabilize to satisfy (12)
under geometry-smoothing updates that produce monotone Wapyi, the metrology does not close.

A Formal monotonicity balance with a ledger potential

A.1 Baseline Perelman identity (classical backbone)

Perelman defines the W-functional for a metric g, scalar f, and parameter 7 > 0 (with n = dim M)
and couples it to a specific (g, f) evolution so that W is monotone [Perelman, 2002]. In the classical
setting (no ledger term), one obtains the identity

2

d Cnj2
(4r7)™2e~ 1AV, > o0, (22)

Ew(g’ f,m) =27 /M HRic(g) + Hess(f) — %9

provided (g, f) satisfy the corresponding coupled evolution (Ricci flow plus the conjugate heat equa-
tion for the density). Equation (22) is the mathematical backbone behind the entropy/temperature
interpretation.

A.2 Ledger-augmented functional: design constraint and implementation

In this paper, Wapw is defined by adding a nonnegative potential term 3®? inside the same 74(+)
channel as curvature and gradient energy (cf. (15)). This choice makes the defect act as an internal
variational penalty rather than an external constraint.

Unlike the classical identity (22), a fully general analytic proof of

d
— q >0
quWAPM(gaf: Tq) >

for arbitrary coupled (g, f, Ay, curl) is not asserted here as a theorem. Instead, monotonicity is
adopted as an evolution design constraint and enforced operationally by:

1. evolving f by a Perelman-type backward heat rule with added potential f®? (equation (16));
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2. projecting (A, curl) to drive ® — 0 (equation (20));
3. accepting steps only when the discrete monotonicity/relaxation inequalities hold (equation

(21)).

This defines the admissible trajectory class: a proposed constitutive coupling is rejected if it fails
the monotone/closure gate.

A.3 Discrete projection-as-descent

Write the defect energy as
Eg = —®2. (23)

The update (20) is multiplicative descent on ® (equivalently, descent on Eg in log-variables). Under
small-step conditions, one has schematically

EfTV<EPY = je%t) < o), (24)

which is exactly the second inequality in (21). Since Wapy includes 7,892, defect descent enlarges
the set of steps compatible with monotone behavior of Wapy under the metric update, and the
acceptance rule enforces the combined requirement.

A.4 Interpretation in QMU temperature-potential language

With © = F,?A\¢? (equation (9)) and Ledger One as A, - curl = © (equation (10)), the closure defect
® measures the logarithmic deviation of the rotational-torsional product from the temperature-
potential anchor. The monotone evolution requirement therefore has a direct APM reading:

Geometric smoothing is admissible only if curvature-diffusion relaxation proceeds toward
a ledger-closed temperature-potential state, i.e. toward A, - curl = ©.

A.5 Toy illustration: constant-curvature ansatz as a closure stress-test

A minimal sanity check for the ledger-augmented framework is to restrict to a constant-curvature
family, e.g. metrics of the form §(7,) = a(7;)? go where go is a fixed reference metric with constant
Ro (sphere-like, flat, or hyperbolic in sign). In this reduction, curvature diffusion collapses to a
one-parameter scale evolution for a(7,), while the ledger sector reduces to the defect ®(7;) driven
by the projection step (20). One then applies the admissibility gate (21) to the reduced dynamics:
if, for any reasonable choice of (/3,14,7n¢c), the coupled update fails to admit a trajectory with
Wapwm nondecreasing and |®| nonincreasing, then the proposed coupling is rejected even in this
simplest geometry class. Conversely, successful passage of the gate in the constant-curvature family
establishes a baseline that the framework is not merely formal: it can enforce monotone closure in a
controlled ansatz before being deployed on fully general g.
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