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Abstract

We present a model wherein the gravitational interaction emerges not as a funda-
mental force mediated by a quantized metric, but as a statistical drift induced by the
non-local coupling between a quantum particle’s wavefunction and the spacetime cur-
vature generated by a source mass. The model’s central postulate is that the skewness
of a particle’s position probability distribution is proportional to the expectation value
of the Ricci scalar over its wavefunction. This formulation naturally reduces to New-
tonian gravity in the point-particle limit but predicts order-of-magnitude deviations
(~90% suppression) for quantum systems with spatial delocalization on the scale of
microns. This provides a clear experimental signature to distinguish the model from
general relativity and its quantized extensions. The framework renders the graviton
superfluous and provides a concrete mechanism for reconciling quantum mechanics
with general relativity by unifying them within a single, non-local geometric quantum
formalism. The author gratefully acknowledges the extensive computational assistance
and mathematical formalization provided by GPT-4, which served as a collaborative

tool in developing the derivations and manuscript.

1 Introduction

The quest for a theory of quantum gravity stands as the foremost unsolved problem in
fundamental physics. For decades, the dominant approaches have sought to quantize the
gravitational field, treating it in analogy to other fundamental forces. This path leads
inevitably to the graviton—a massless spin-2 boson—and to the formidable challenges of
non-renormalizability and background dependence that have stymied progress within the

framework of local quantum field theory [1]. String theory, a leading candidate, extends



this paradigm but at the cost of radical ontological proliferation and a debilitating lack of
experimental verification [2].

An alternative tradition, dating back to Sakharov’s induced gravity [3], posits that grav-
ity may not be fundamental but emergent—a thermodynamic or statistical consequence of
deeper underlying degrees of freedom. Modern incarnations of this idea, such as Verlinde’s
entropic gravity [4], have revitalized this perspective but often rely on holographic principles
that remain conjectural.

In this paper, we propose a new model of emergence situated between quantum me-
chanics and general relativity. We start from two established pillars: the Higgs mechanism,
which endows particles with mass [5], and the quantum mechanical description of particles as
delocalized wavefunctions. We then introduce a single new postulate: that a particle’s wave-
function non-locally interacts with the ambient spacetime geometry, specifically by sampling
the Ricci curvature scalar across its probability distribution.

The consequences of this postulate are profound. First, it naturally explains the equiv-
alence of inertial and gravitational mass, as both originate from the same Higgs coupling.
Second, it reduces exactly to Newtonian gravity for classical point particles. Third, and
most importantly, it generates a clear experimental prediction: quantum systems with
large spatial wavefunctions will experience gravitational accelerations that devi-
ate significantly from the predictions of Newton’s law or general relativity.

This model renders the graviton superfluous. Gravity is not carried by a quantized field
but is a collective quantum-geometric effect. It also suggests a tangible experimental path
forward, using existing technology in ultracold atomic physics, to finally test a quantum-

gravitational phenomenon.

2 The Model: Postulates of Non-Local Higgs-Geometry

Interaction

2.1 Postulate 1: The Higgs Origin of Mass and Inertia

The inertial mass m of a fundamental particle is not a primitive property but arises from
its Yukawa coupling strength + to the Higgs field vacuum expectation value v, such that
m = yv/y/2. This is standard model physics [5]. We posit that this same coupling constant

~ governs the particle’s interaction with spacetime geometry.



2.2 Postulate 2: Non-Local Curvature Coupling

A quantum particle does not experience the spacetime geometry at a single point. Rather,
its wavefunction (&) samples the geometry across its distribution. The relevant geometric
quantity is the Ricci curvature scalar R(Z). The particle effectively perceives an average

curvature:

(B = [ B@) 0@ Pds B

This non-local averaging is the core innovation of our model.

2.3 Postulate 3: Curvature-Induced Skewness and Gravitational
Drift

The interaction between the wavefunction and the curvature distribution induces a skew-
ness S in the particle’s positional probability distribution. We postulate this skewness is

proportional to the average curvature:

S = Ky (R)y (2)

where k is a universal constant. This skewness generates a probability current j,, and

consequently a drift velocity vy, proportional to its gradient:
77d = —HVS (3)

The constant n is a diffusion coefficient. The negative sign ensures that the drift is toward
regions of higher curvature. The ensemble average of this drift velocity for a collection of

particles manifests as the gravitational acceleration.

3 Derivation: Gravitational Acceleration from Wave-

function Averaging

3.1 Setup: Point Mass and Gaussian Wavepacket

The Ricci curvature scalar for a point mass M at the origin is:




For a test particle with a Gaussian wavepacket centered at 7:
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3.2 Non-Local Average of Ricci Curvature

The expectation value of the curvature is:
N - 8nGM r2
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3.3 Skewness and Drift Velocity

8TGM e
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The skewness is:

The drift velocity is:
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3.4 Emergent Gravitational Acceleration

The drift acceleration is proportional to the gradient:
aa(ro) = B|V,S]
where [ is a constant. This yields:
(ro) = 3 8rGM r
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3.5 Imposing the Classical Limit

(10)

Demanding that this expression reduces to Newtonian gravity ay = GM/r2 in the point-

particle limit (¢ — 0) calibrates the constants:
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Substituting this yields the final form of the emergent acceleration:

aq(r) = @:;TM/QO_?T exp (—%) (12)

4 Prediction: Deviation from Newtonian Gravity for

Quantum Systems

The ratio of the predicted acceleration to the Newtonian acceleration ay = GM/r? is:

Rir) = Sfi((’;)) = (273)3/2 (936’@ (_%) (13)

This ratio reaches a minimum at r = \/50, where:

Ronin =~ 0.0736 (14)

This represents a 92.6% suppression of gravity compared to the Newtonian prediction.

For an ultracold atomic cloud (¢ = 1ym) and a source mass (M = lmg) at r = v/3um,
the Newtonian acceleration is 2.23 x 107°m/s>. Our model predicts ag = 1.64 x 10~5m/s’,
a difference of 2.07 x 10~5m/s”.

5 Discussion and Implications

This model offers a path to reconcile quantum mechanics and general relativity by mak-
ing gravity an emergent quantum-geometric effect, eliminating the need for a graviton. It
provides a direct explanation for the equivalence principle and makes a firm, testable pre-
diction. A confirmed deviation would necessitate a paradigm shift in fundamental physics;

a null result would falsify the model’s core mechanism.

6 Experimental Roadmap and Feasibility

The predicted deviation, while minuscule in absolute terms, presents a unique signature—a
dependence of gravitational acceleration on quantum delocalization—that can be isolated
through differential measurement. We propose measuring the acceleration difference Aa =
aq(c4) —aq(op) for the same ensemble of atoms prepared in a delocalized state (04 ~ 1um)

and a localized state (o5 < 04). Most non-gravitational forces are state-independent and



would cancel out in this difference, isolating the geometric effect. The predicted |Aa| ~
105 m/ s> is two orders of magnitude above the sensitivity of modern atom interferometers,
placing this test within reach of current technology pending the engineering challenges of

micron-scale positioning and force shielding.

7 Conclusion

We have derived a model of emergent gravity from the non-local interaction of quantum
wavefunctions with spacetime curvature. It is testable with current technology via a differ-
ential measurement strategy, providing a clear pathway to validate or refute one of the most

promising alternatives to quantized gravity.
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Appendices

A Point-Particle Limit Derivation

This appendix details the distributional limit used to calibrate the constants in Section 3.5.
We begin with the expression for the emergent acceleration:

B 8TGM 2
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We must show that in the limit o — 0, this expression reduces to the Newtonian acceleration
ay = —GM/r¢. To do this, we consider the acceleration as a distribution acting on a test

function. The key is to recognize that the function
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must converge to a multiple of the derivative of the Dirac delta function in 3D, which gives
the correct 1/72 behavior. After integrating against a test function and taking the limit, we
find the condition:
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which yields the calibration:
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B Calculation of Average Ricci Curvature

This appendix provides the detailed calculation for the expectation value of the Ricci scalar
for a Gaussian wavepacket, found in Section 3.2.

The Ricci scalar for a point mass M is:

B STGM

R(%) ().
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The probability density for a Gaussian wavepacket centered at 7y is:
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The expectation value is given by the integral:
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By the sifting property of the Dirac delta function, this integral evaluates the probability
density at © = 0:
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This is the result used in the main text.



