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Abstract

We present the Differential Expansion Framework (DEF), a minimal axiomatic model
in which gravity emerges from anisotropy in a universal expansion-flux intensity field J,
rather than from mutual attraction or an a priori spacetime-curvature assumption. Matter
is defined as a sink for the flux, yielding a Gauss-like attenuation law V-J = —op, where p is
mass—energy density and o is a single coupling constant. In the weak-field, static, spherically
symmetric regime, a vacuum-referenced integrated flur deficit defines a dimensionless potential
® whose gradient drives acceleration a = —c?V®. This reproduces the Newtonian inverse-
square law and fixes the gravitational constant by a closed “constant triangle” relation
G = c*o/(4m). We also state a causality-limited phase-rotation axiom that motivates a
saturation length scale and a minimum-action identification with 7 at the level of dimensional
scaling. Relativistic and strong-field sections are explicitly framed as optional completion
layers and observational programs rather than established results of the axioms.

1 Definitions and Dimensional Consistency

DEF is not a corpuscular push-wind. Test bodies respond to anisotropy in intensity rather than
drag from motion through a medium.

e J(x,t): expansion-flux intensity field (operational directional availability of a universal
expansion drive).

e Jy: vacuum reference magnitude. In empty space, |J| — Jp and (J) = 0.
e c: universal causal propagation speed of disturbances.
e p(x,t): mass-energy density (SI: kgm~3).

e o: attenuation coupling (SI: mkg™1).

Units (critical normalization). Assign

[J] =m™ 1. (1)
Then
[V-J] =m™2 (2)
Since [p] = kgm ™3, the sink law V-J = —op is dimensionally consistent if and only if
o] = mkg ", (3)



Definition 1 (Normalized intensity and deficit) Define the dimensionless normalized in-
tensity and the (dimensionful) deficit:
oy (@)

so [AJ] =m™L

€ (0,1,  AJ(z)=Jo—|[J(x)] = Jo(1—j(z)), (4)

Definition 2 (DEF potential (dimensionless)) Define the DEF potential as a vacuum-
referenced line integral of the deficit:

O(x) =— L(m) AJ(x') de, (5)

where ~y(x) is any curve from x to a far vacuum reference region where |J| — Jy. Since
[AJ] =m™! and [df] = m, ® is dimensionless.

2 Axioms

Axiom 1 (Universal expansion flux (statistical isotropy)) There exists an expansion-flux
intensity field J(x,t) such that in the absence of matter,

‘JOO| = Jo, <J>:07 (6)
and perturbations in J propagate at speed c.

Axiom 2 (Matter as a sink (attenuation law)) Matter attenuates the expansion fluz ac-
cording to a Gauss-like sink law:

V-J(x,t)=—0op(x,t). (7)

Axiom 3 (Acceleration response to DEF potential) Test bodies respond to fluz-deficit

gradients via
a(x) = -2V (x), (8)

where ® is defined by (5).

Axiom 4 (Causality-limited phase rotation) Any locally periodic degree of freedom may
be represented by a rotating phase vector of radius r and angular frequency w. Causality bounds
the phase-tip speed:

v=rw < cC (9)

Saturation occurs at a minimum confinement scale rs where v = ¢ and ws = c/rs.

3 Derived Result: Newtonian Gravity in the Weak-Field Spher-
ical Limit

Consider a static, spherically symmetric mass M compactly supported within radius R. Integrate
(7) over a sphere S, with r > R:

f J-dA:—a/ pdV = —oM. (10)

In the weak-field regime outside the source, the leading deficit must scale as inverse area, so the

radial deficit obeys
oM

AJ(r) = g

r> R. (11)



Using (5) along a radial line to infinity,

& *® oM oM
O(r) = /r AJ (') dr' ~ /r s dr’ = = (12)
Applying (8) yields
d® oM
()l =50 = Tz (13)

Matching to the Newtonian form |a| = GM/r? fixes the DEF “constant triangle”
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c‘o 4G
Comment (what is strictly proven here). Equations (10)—(14) show that the axioms
reproduce Newtonian gravity in the weak-field, static, spherically symmetric regime and fix G in
terms of (¢, o). This paper does not require any spacetime curvature assumption to obtain that
limit.

4 Minimum Action Scale from Causal Saturation (Scoped)

At saturation, ws = ¢/rs by (9). For an effective localized degree of freedom with rest energy
E = megc?, the action scale associated with one radian is
E Meff €2

Smin ~ — =
We c/rs

= MefCTs. (15)

Heuristic confinement estimate (explicitly not an axiom). If gravitational self-confinement
is the dominant mechanism setting the smallest stable confinement length, dimensional analysis
suggests

Gmeg
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c Qg = o(1), (16)

s ~ Qg

where o encodes model details (rotation, internal structure, equation of state). This scaling
does not assume GR horizons or singular endpoints.
Combining (15) and (16) gives

S € 2 (17)
min ™~ —~ Ts-
a,G °
Identifying a minimum-action scale with A yields the Planck-order scaling
3
c’ hG
h o~ PWE rs, s~ ag g (18)
and using (14) gives a DEF-native “o-form”
4
oo g2, (19)
g0

Quantum scope (non-overclaim). This section provides a causal-saturation route to an
action floor scaling with the correct dimensions and order. It is not a derivation of quantum
operator structure (Hilbert space, commutators) or full QFT in this foundations paper.



5 Global Balance Law and the Role of J; (Clarification)

The sink law is a balance law with sinks, not a global conservation law for J. Integrating (7)

over a volume V gives
/ J-dA——a/pdV. (20)
1% 1%

Thus the net outward flux through the boundary equals the total sink strength inside. A
cosmological completion specifies boundary conditions for J (equivalently Jy) on large scales.
Local gravitational phenomenology derived in Sec. 4 depends on gradients of the deficit and is
insensitive to the absolute cosmological normalization in the weak-field limit.

6 Optional Completion Layer: Operational Geometry (Clearly
Marked)

The axioms yield the Newtonian limit without requiring spacetime geometry. To confront
relativistic observables (clock rates, light propagation), a completion layer must specify how the
DEF potential ® maps to operational measurements.

Completion Principle 1 (Composition of weak deficits) For weak, overlapping sources,
O ~ &1 + ®y. Operational response factors should therefore compose multiplicatively: R(®) =
R(®1)R(P2).

Completion Principle 2 (Reciprocity (clock/rod consistency)) Clock-rate response and
spatial response should be governed by the same scalar ® so that local dimensionless measurements
remain consistent at leading order.

Minimal consequence. The composition rule implies an exponential response R(®) = ek®
for some normalization constant k. This motivates (but does not uniquely derive from flux
axioms alone) a constitutive operational geometry in which both clock and ruler responses are
controlled by ®. A full relativistic completion and tests (PPN coefficients beyond leading order,
binaries, lensing) are treated as required follow-on work.

7 Strong-Field Outlook as an Observational Program (No Over-
Claim)

This foundations paper does not provide collapse microphysics or full strong-field solutions.
Instead, it formulates a falsifiable strong-field program:

e If saturation prevents arbitrarily compact endpoints, the interior may behave like an
effective impedance region.

e The observationally relevant object is then an effective boundary condition for perturbations
at a radius
Te=T4+ XTs, X = O(l)a (21)

rather than a free post-merger “echo knob”.

e Any effective response kernel should be constrained by causality and passivity (analyticity /Kramers—
Kronig consistency).

Quantitative waveform simulations, posterior inference, and comparisons to catalog con-
straints are explicitly designated as deliverables outside this minimal paper.
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Deliverables and Tests (What Must Be Done Next)

To confront precision tests without overstatement, DEF must deliver:
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1. A completed relativistic mapping from ® to operational clock/rod response, including

higher-order PPN coefficients.

. A dynamical strong-field model (collapse/compact-object solutions) that predicts any

effective boundary conditions from microphysics.

. Waveform simulations (inspiral-merger-ringdown) and catalog-level inference.

. EHT forward modeling (ray tracing) if strong-field boundary conditions modify near-horizon

optics.

. A cosmological sector (boundary conditions for Jy, FLRW compatibility, and late-time

acceleration if applicable).

Conclusion

DEF is a minimal axiomatic framework in which:

1. a Gauss-like sink law for a universal expansion-flux intensity field yields the Newtonian

inverse-square law in the weak-field static spherical regime;

. the gravitational constant is fixed by a closed constant triangle G = c?o/(47);

. a causality-limited phase-rotation axiom motivates a saturation length and a minimum-

action scaling suggestive of a link to A, while explicitly separating this from a full quantum
derivation.

Relativistic, strong-field, and cosmological implications are treated as optional completion layers
and deliverables so that the core foundation remains minimal and logically clean.
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Reproducibility Note

All future DEF predictions intended for observational constraint should be released with inference
code and data products (posterior samples, likelihoods, priors).
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A Optional Appendix: Covariant Completion as a Sketch with
Symbolic Constants

This appendix is intentionally non-committal in coefficients to keep the core paper minimal and
to avoid factor/sign disputes until a full derivation is finalized.

Sketch. Introduce a scalar ®(z*) and a current sector A,(z*) with F,, =V, ,A4, —V,A,. A
minimal action template is

S = /d4$ \/jg [—C@. g’“’VuCD qu) - CA F,u,z/F'uV] + Sm[g,u,l/: \I/]v (22)

with constants Cgs,C4 > 0 to be fixed. The static weak-field limit imposes the matching
condition

V20 — op, (23)

which constrains Cg in terms of o (and ¢) once the matter coupling convention is specified. A
complete covariant DEF development should (i) fix the constitutive relation between ® and
operational geometry, (ii) derive the precise source term from Sy, and (iii) compute higher-order
observables (PPN, binaries, lensing) from the resulting dynamics.
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