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Abstract

We present a geometric model in which each particle is associated with its own private spacetime
manifold—a world-block—constructed from Fermi-Walker coordinates. The intrinsic spatial metric
on each proper-time slice is treated as a dynamical field with a universal stiffness constant. This single
assumption leads to a consistent model where self-gravity is repulsive and mutual gravity is attractive
and exactly Newtonian. Newton’s constant emerges from the fundamental stiffness. The model
provides a geometric derivation of the inverse-square law and suggests a connection to cosmology:
the constant part of the strain field on large scales can be interpreted as a cosmological constant whose
magnitude is set by the Hubble radius.
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1. Introduction

The reconciliation of quantum mechanics with general relativity remains one of the most profound
challenges in theoretical physics. While the search for a complete theory of quantum gravity contin-
ues—via approaches such as string theory, loop quantum gravity, and asymptotic safety—there is also
value in exploring phenomenological bridges between the two pillars of modern physics. One such
bridge is the Schrodinger—-Newton equation, originally introduced by Diési [1] and later advocated by
Penrose [2,3] as a possible description of gravitational self-interaction in quantum systems.

The Schrodinger-Newton equation describes how a quantum wavefunction interacts with its
own Newtonian gravitational potential. The mass density associated with the wavefunction sources
the gravitational field, which in turn affects the evolution of the wavefunction itself. This coupled
system gives rise to a nonlinear, nonlocal equation that has been extensively studied as a candidate for
gravitational state reduction [2,4,5], as a possible test of quantized gravity [6], and for its mathematical
structure and symmetries [7]. Critical analyses have examined the regime of validity and experimental
prospects for detecting effects predicted by this equation [8,9].

In this paper we take a geometric route to the Schrodinger-Newton equation by using
Fermi-Walker coordinates [10-12]. These coordinates adapt a local reference frame to an arbitrary
timelike observer, whether inertial or accelerated. We elevate this coordinate system from a mere
technical tool to a central physical concept. We propose that each quantum particle is associated with
its own private Fermi-Walker spacetime—a four-dimensional manifold we call the world-block. On
each proper-time slice of this world-block, the induced spatial metric is promoted to a dynamical field
governed by an action principle.

This approach resonates with earlier geometric formulations of the Schrodinger—-Newton equation,
such as those that recast the system in terms of Newton-Cartan geometry [7]. However, our framework
differs fundamentally in that the geometry is not a fixed background but an intrinsic property of the
particle itself. Moreover, the idea of extended cloud-like quantum entities dates back to Schrodinger’s
1927 Solvay lecture [13] and has inspired various models including wavefunction realism [14], objective-
collapse theories [15], and stochastic electrodynamics [16]. The present work provides a concrete
geometric realisation of such ideas.

Starting from a simple action with a universal stiffness constant and a matter coupling propor-
tional to the mass density, we derive the following results:
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e A constraint equation linking the metric perturbation to the probability density, leading to a
Poisson equation for the gravitational potential.

®  The effective self-gravity coupling is expressed in terms of universal stiffness. This yields a direct
relation between Newton’s constant and the fundamental stiffness, showing that G is not a free
parameter but emerges from the geometry.

*  The Schrodinger equation obtained from the action contains a harmonic field determined by
boundary conditions. Remarkably, the self-force derived from this equation is repulsive, prevent-
ing gravitational collapse.

¢  When two world-blocks overlap, stitching conditions force an attractive interaction that exactly
reproduces Newton’s law of universal gravitation. Thus mutual gravity emerges from geometry
without any free parameters.

¢  The model offers a speculative connection to cosmology: the constant part of the strain field can
be interpreted as a cosmological constant whose magnitude is set by the Hubble radius.

e  We discuss experimental signatures, including tests with atom interferometry, cosmological
observations, and antihydrogen experiments, which could probe the repulsive nature of self-
gravity.

The paper is organised as follows. Section 2 reviews Fermi-Walker coordinates and introduces the
world-block. Section 3 presents the action with universal stiffness and derives the constraint equation.
Section 4 defines the gravitational potential and shows how Newton’s constant emerges from the
fundamental stiffness. Section 5 derives the Schrodinger-Newton equation and analyses the sign of the
self-force. Section 6 compares the full tensor model with a simpler trace-only formulation. Section 7
derives mutual gravity from world-block stitching. Section 8 presents a cosmological extension linking
the model to dark energy. Section 9 discusses testable experimental signatures. Section 10 concludes.
Appendices contain technical details, including a derivation of the mutual interaction energy and a
comparison with the trace coupling model.

2. Fermi—Walker Coordinates and the World-Block

We work on a smooth four-dimensional manifold M with Lorentzian metric g, of signature
(+,—,—, —). For a timelike world-line () with 4-velocity u* = dX" /dt (satisfying u"u, = c*) and
acceleration a# = Du* /dt, an orthonormal tetrad {e?o), e’&.)} is Fermi-Walker transported along -:

H
Peti
dt

= (avez/i))u”. (1)

This ensures the spatial triad remains non-rotating.
For any point P near v, there exists a unique spacelike geodesic orthogonal to u* at y(7). Let o be
the geodesic distance and & the unit tangent. Fermi-Walker coordinates (x?, x') of P are:

L=1, K= o (&e(iu)- 2)

Thus x° is proper time along -y, and ¥ are spatial distances measured in the transported triad.
In these coordinates, the metric expands to quadratic order as:

800 = + 2aixi + (llia]' + CZROioj)xixj + O(x3), (3)
2
C .
80i = *ERo]'ikx]Xk +0(x%), 4)
1
8ij = —0ij — gRikjlxkxl +0(x%). (5)
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The induced metric on a constant-7 slice is obtained from the spatial part. Since g;; is negative-definite,
we define the physical spatial metric:

1
hij = _gl] = 51] + gRikjlxkxl + O(xS). (6)
The world-block b is the four-dimensional manifold formed by all proper-time slices:

b=JS:, Sc={(r,%:xeR’}. )
TeR

On each slice, we write:
hij(T,X) = 6ij + € (T, X), 8)
where ¢;; is a dimensionless strain tensor. Its trace is ¢ = o &jj.

The centroid world-line < passes through the centre of mass of each slice. All gauge charges
(electric charge, etc.) are confined to -y, while mass-energy is distributed throughout the slice, described

by p = [p]*.

3. Action Principle with Universal Stiffness

We postulate an action for a single world-block, treating ¢;; and the wavefunction i as dynamical
fields:

5= /dr/d3x [Lge + Lon] —/d4X£Ch. )

The geometric Lagrangian density is:
A iy
»Cge = 70 aksl’]' ak(‘ll], (10)

with indices raised /lowered by 51']‘- Crucially, the stiffness constant Ay is a universal constant, inde-
pendent of particle mass. Its dimensions are [Ag] = MLT 2 (energy/length).
The matter Lagrangian density includes the full tensor coupling between the strain and the mass

distribution:
1 n? il

Lo = 5Beij — 5690970 + - (97 0cyp — (94" p), ()

with p = |¢|?. For an isotropic non-relativistic source, the natural choice is
BY = mczp 54, (12)

Thus the interaction term becomes 1mc?p e, where & = '/ ¢;j. This is the same form as a trace coupling
up to a numerical factor.

The electromagnetic coupling is standard:

1 )

with j# the point charge current confined to the centroid world-line.

3.1. Field Equation for ¢;;

The Euler-Lagrange equation for ¢/ is

oL oL
— — 0| =——— | =0. 14
og! <8(akel]) ) (14
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From Lge:
dLge r 0Lge ”
— = Apd'e;; = 9 — | = Agd7e;,
IR "(a(akew) v
contributing —Ag 8281']'.
From the interaction term %Bij ¢;j we have
0 (1o N _logga 1
With B;; = mczp dij, this becomes %mczp dij.
Thus the field equation is
1
Emczp 51‘]‘ — Ao 8281']' =0, (15)
or
1
Ag 8281']' = Emczp 5ij 8 (16)
3.2. Trace of the constraint
Contracting with 6%/ gives
An 92 (e _1 > 55 _3 2
0 ( 51]) - Emc P( 1]) - Emc p-
Hence
3 3mc?
2 2 2
Agoe 2mcp, or d°¢ 2Aop (17)

3.3. Solution for €

Equation (17) is a Poisson equation. The standard 3D Green function G (%, ) satisfies V2G (¥, i) =
6B) (% — ) and is given by
1

G J_C" ’ ij) = — S S 18
This function is negative and diverges as |¥ — ij| — 0; it is the unique solution that vanishes at infinity.

The general solution for ¢ is therefore

3mc?
2Ag

2 —
(@) = 2 [Py (55)p) +enl®) = — o [y LD seu®m,  (9)

24 471|% — 7]
where e is harmonic: V2ep = 0. The term e represents the influence of the environment or global
boundary conditions; it is not determined by the local mass distribution.

3.4. Role of the Harmonic Term e

The harmonic function e in (19) encodes boundary conditions external to the particle. For an
isolated particle in asymptotically flat space, we require ¢ — 0 as |X| — oo, which forces ey = 0.
In that case the particle experiences only its own repulsive self-gravity and its wave packet spreads
indefinitely—there is no bound state.

If, however, the particle is placed in an external field (for instance, the Coulomb field of a
nucleus), the boundary conditions change. The harmonic term e must then be chosen so that the
total metric perturbation matches the external geometry. In the Schrédinger equation derived below,

the combination 5 &y with & = 2

ey acts precisely as an external potential. Thus ey is the vehicle
through which the environment can confine the wave function, leading to bound states such as atomic

orbitals. In this sense, the harmonic term is responsible for the “collapse” of the wave function
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(understood as localisation) due to external agents, while the particle’s own self-gravity remains
repulsive and opposes such confinement.

4. Gravitational Potential and Emergence of Newton’s Constant

The strain ¢ is dimensionless. To obtain a quantity with the dimensions of a gravitational potential
(L?>T~2), we must multiply by c?. The most general linear relation is

d =%, &y =k cPey, (20)

where « is a dimensionless constant. Different choices of x simply rescale the potential and the
corresponding force. Substituting this into the trace equation (17) gives

3mc? 3xmct
2 22 2
(I) = — . = —
\Y Kkc“V<e = ke onp onp
In terms of mass density p,, = mp, this becomes

3xct

Comparing with the standard Newton-Poisson equation V2® = 47Gp,, we identify the effective
gravitational constant that would appear in a Newtonian description:

4 4

3xc
871.’A0 '

3kc

47Ges = TAO

= Geff =
This expression shows that the strength of gravity is not a free parameter but is determined by the
fundamental stiffness Ag and the chosen constant x. For the natural choice ¥ = 1, we obtain a direct
relation between Newton’s constant and the universal stiffness:

=3 |
871'A()

(22)

Thus the world-block model predicts that Newton’s constant is given by G = 3c*/ (871 Ay), where A
is the fundamental stiffness of spacetime. This relation expresses the strength of gravity in terms of a
more primitive geometric property, showing that G is not a free parameter but a derived quantity. The
observed value of G then fixes the stiffness to
_ 3¢t
0= %r

which is a prediction of the model. Numerically, Ay =~ 1.45 x 10* W.

5. Schrodinger Equation and Repulsive Self-Gravity
5.1. Variation with Respect to {*

The matter Lagrangian (11) depends on ¢* through p and through the kinetic and time derivative
terms. We compute the functional derivative of the action with respect to ¢*(%, 7).

Interaction term

The interaction part is
1
Iint = /d'rd3x Emczp(f) e(X).
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Because ¢ itself depends on ¢* via (19), we must use the chain rule:
‘Hint _ 1 2 4 / 3. (7 =
59 (7) 5™ THE) a>x p(x") e(x")].
Write p(¥') = ¢*(¥')p(¥'). Then
4 /3/ N S\ 3.0 o=y 96(X)
—— [ d°x p(X) e(X') = e(X x+/dx X -,
s | P ) = @) o) 5
From (19), ignoring ey for a moment,
(58(56 ) 3mc? 1 S
@ - 24 g —7 ¥
Hence ) ) )
58 X 3mc X
3y _ = 3.0 P
/d 5¢*( Y 24, "’(x)/d Yanr—@|
Using (19) again, the integral is proportional to &:
s p(¥) 2A0
/d 47T|_‘ ¥l 3mc? (%),
Therefore the second term becomes
3mc? 2A0 o\ =
i V) (3 D)) = PR3
Adding the first term, we get
— | Px'p(¥) e(X) = 2¢(X)y(¥
s | P ) = 26D ()
Thus 51 .
int _ - 2 . = 7)) — 2 (= =
59 (7) 5 me 2e(X)P(X) = mce(X)P(X). (5.1)

If we include the harmonic part ep, the calculation gives an extra term — %mc eg1p; for simplicity
we set ey = 0 in this section.

Kinetic term
The kinetic part
2
Lin = —zh—m / dtd’x 59" 9
yields the standard result
8 lin n?

_ 2.0 (5
o (@) +%V P(X). (5.2)

Time derivative term

The term "
i
Itime = 0 /d'cd3x (l/’*aﬂ/’ - (aﬂ/’*)lp)
gives
(Htime _ 2
597 (7) ih - p(X). (5.3)
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Full equation
Summing (5.1), (5.2) and (5.3) and setting the total variation to zero:
hZ
ihdzp + %VZqJ + mc®ep = 0.
Rearranging,
iho ) = —7v2¢ mc2ey | (23)
5.2. Gravitational Potential Form
With ® = ¢2¢ (taking x = 1), (23) becomes
[
] =—— — mdyp. 24
o o VY — mdy (24)
For a point mass, using (19) and (22), we find ® = —Gm/r. Hence the potential energy term is
—m® = +Gm?/r > 0. The force F = —VU is repulsive (outward). This is a central prediction:
self-gravity is repulsive.
5.3. Non-Local Form
Eliminating ® using (19) gives a non-local equation:
n o, 3m (@)
ihdrp = ——V Y+ — 24, 4 mE—7| P(X). (25)
With Ay = 3¢*/(87G) this simplifies to
‘ " 2 [ s, W@
=—— . 2
ihdcp = —5 V2 + G /dy'f_g| (%) 26)

The positive sign indicates repulsion.

6. Comparison with the Trace Coupling Model

In the trace-only version of the world-block model, the interaction Lagrangian is taken as A e p
with a coupling constant A. Repeating the variation with respect to ¢* yields

53)* /Asp = 2Aeyp.

The field equation for ¢ from varying ¢ is Agd*c = 3Ap. The solution gives ¢ & A. Hence the term
in the Schrodinger equation becomes —2Aeyp o« —A2. Thus the force depends on A? and is repulsive
regardless of the sign of A. This shows that in the trace model, repulsive self-gravity is unavoidable,
just as in the full tensor model with the natural sign choice. The full tensor model is more general,
as it can in principle handle anisotropic stresses, but for isotropic sources the two formulations are
equivalent up to a redefinition of the coupling constant.

7. Mutual Gravity from World-Block Stitching
7.1. Two-Block System

Consider two world-blocks A and B with masses m 4, mp and centroids located at positions X4
and X3 in the external coordinate system Their separation vectoris R = X4 — Xp, with R = |R| > any
internal size. The metric perturbatlons e/t and €8 satlsfy (19) with their respective densities p4 = |4 |?

and pp = [pp/*.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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In the region where the two world-blocks overlap, the full spatial metrics must coincide. To
leading order in the separation and in the non-relativistic limit, this gives the tensor stitching condition

e (4 R) = &(x). 27)

7.2. Interaction Energy

The interaction energy can be derived from the action by considering the cross-term in the
geometric Lagrangian:

Uap = Ag / dx dyeft o, (28)

Substituting the solutions for ¢;; in terms of the sources and using the Green function, one obtains after
integration (see Appendix A) the result

3c* mamp
Uip = — 29
ABT T8xA, R @9)
Using (22), this becomes
Uup = —G m“;{mB (30)

Thus mutual gravity is attractive and exactly Newtonian, with no free parameters.

8. Cosmological Implications
8.1. The Universal Block on Cosmic Scales

The vacuum is filled with virtual particle-antiparticle pairs, each associated with a fleeting
world-block. Their collective stitching forms a continuous manifold—the universal world-block.
On cosmological scales the universe is nearly homogeneous and isotropic. We therefore study the
behaviour of the strain field ¢;; for a uniform density p;, (f) within a spherical region of radius Ry ~
¢/ H, the Hubble radius. In this context, we use cosmic time ¢ instead of proper time T because for a
comoving observer the two coincide up to a constant scale factor; the field equations in terms of ¢ are
the same as those derived with T after a trivial reparameterisation.

Starting from the field equation (16) with a uniform source,

1
onzsij = ECZPm(t) (51] (31)
Decompose ¢;; = &;; + &;; where &€ = %Jij ¢j. The traceless part €;; is harmonic and, by isotropy,

vanishes. The trace satisfies 1
AoV = Ec2pm(t). (32)

For a uniform density inside a sphere of radius Ry, the solution regular at the origin is

g(r) = P (R, — 1) + &y, (33)

where & is a constant (the harmonic part). The physical potential is ® = ¢?Z (taking x = 1), so

4
C
O(r) = 12‘;"; Ry —rA) +®y, Dy = en. (34)
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8.2. Identification with the Cosmological Constant

A constant strain field ¢;; = £¢6;; contributes an isotropic stress—energy. Linearising the Einstein
equations around a FLRW background, one finds that a constant ® acts exactly as a cosmological
constant:

30y

A= (35)

8.3. Relation to the Hubble Scale

The observed value of A corresponds to ®p ~ ¢?/R%,. Remarkably, this is the only scale available
in the problem. From (34), the variation of ® across the Hubble sphere is negligible; the constant part
&y is a free parameter that must be fixed by global boundary conditions. If we set ®; = ¢?/R2,, then
using (35) we obtain A ~ 1/R3, ~ H?, and the vacuum energy density becomes

ct 3¢2 3H?

fvac = 87rGA - 87qu>H "8G’ (36)

which is exactly the critical density. Thus the world-block model naturally yields a cosmological
constant of order the Hubble scale, without fine-tuning.

8.4. Time Dependence and Equation of State

If ®y were strictly constant, the vacuum energy would be constant and w = —1, matching
observations. A possible time variation would require a dynamical law for ®; the model does not
prescribe such a law, so we may simply take @ as a constant fixed by initial conditions. In that case
the dark energy is indistinguishable from a cosmological constant.

9. Experimental Signatures and Testable Predictions

The world-block model, with its repulsive self-gravity and attractive mutual gravity, leads to
several distinct experimental signatures. While many of these effects are small, they fall within the
reach of current or near-future experiments. We organise them into three categories: laboratory tests of
self-gravity, cosmological observations, and antimatter experiments.

9.1. Direct Tests of Repulsive Self-Gravity

The most direct prediction of the model is that a particle’s own gravitational field is repulsive. For
a point mass, the self-force is Fyeif = +Gm? /7%, outward. Although this force is tiny for elementary par-
ticles, it could become significant for mesoscopic objects. Sensitive torsion balance experiments, similar
to those used to test the inverse-square law, could in principle detect a deviation from purely attractive
gravity. Recent proposals have suggested that temperature-dependent effects might reveal repulsive
components [17], though these claims remain controversial and require independent verification.

A more promising avenue is the use of atom interferometry. Ultra-cold atoms in free fall experience
their own gravitational field, which would slightly alter their interference pattern. For a cloud of N
atoms with total mass M = Nm, the self-force scales as GM?2/R2, so a sufficiently dense and massive
atomic cloud could exhibit measurable expansion beyond that predicted by quantum pressure alone.
Current atom interferometers with 108 atoms could potentially reach the required sensitivity with
further development [18].

9.2. Cosmological Tests

The model’s cosmological extension predicts that the constant harmonic field ®; behaves as a
cosmological constant. The observed value A ~ H3/c? emerges naturally from the scale set by the
Hubble radius. This is consistent with all current observations of dark energy, including the supernova
luminosity—distance relation, the cosmic microwave background, and baryon acoustic oscillations [19].

Interestingly, the possibility that repulsive gravity might be related to antimatter has been explored
in the context of dark energy and modified gravity theories [20]. While our model does not invoke
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antimatter for repulsion, cosmological tests of coasting universes (such as the Dirac-Milne model)
provide a useful analogy: these models share with ours the feature of repulsive components and have
been shown to be concordant with age, nucleosynthesis, and supernova data up to redshifts z ~ 2 [21].
A detailed comparison between the world-block cosmology and these alternative models could yield
further testable predictions.

9.3. Antimatter Tests

Although our model predicts repulsive self-gravity for both matter and antimatter (since the
effect depends only on mass, not on particle-antiparticle status), it is important to note that recent
experiments with antihydrogen have directly measured the gravitational acceleration of antimatter.
The ALPHA-g collaboration at CERN reported in 2023 that antihydrogen atoms fall towards the Earth
with an acceleration consistent with that of normal matter, ruling out any large violation of the weak
equivalence principle for antimatter [22]. This result is compatible with our model, because the mutual
gravity between matter and antimatter remains attractive (as derived from the stitching conditions),
while self-gravity (which is not tested in these experiments) could still be repulsive. Future precision
measurements of antihydrogen free fall could probe the self-gravity of antimatter if the experimental
sensitivity reaches the level where the self-field of the antihydrogen cloud becomes detectable.

9.4. Astrophysical Tests

In dense astrophysical environments, such as neutron stars or white dwarfs, the repulsive
self-gravity of the constituent particles might become significant. For a star of mass M and radius
R, the total self-energy is approximately Us.s ~ —GM? /R (attractive), but this is the mutual gravity
between different parts of the star. The repulsive self-gravity of individual particles contributes a tiny
correction. However, in extreme conditions (e.g., at nuclear densities), the cumulative effect might
alter the equation of state and affect the mass-radius relation. Precise measurements of neutron star
masses and radii from gravitational wave events (e.g., GW170817) could in principle constrain such
deviations, though the effect is expected to be small [23].

9.5. Quantum Bound States

The harmonic term ®p in the Schrodinger equation (24) acts as an external confining potential.
In atomic systems, this term is dominated by the Coulomb interaction, so the repulsive self-gravity
is negligible. However, in purely gravitational bound systems (such as hypothetical gravitationally
bound particles), the competition between repulsive self-gravity and attractive mutual gravity could
lead to characteristic length scales and energy shifts. Precision spectroscopy of such systems, if they
could be created in the laboratory, would provide a direct test of the model.

10. Conclusion and Outlook

We have presented a complete geometric theory based on the world-block concept with a universal
stiffness constant Ag. The model yields repulsive self-gravity, preventing gravitational collapse, and
attractive mutual gravity, reproducing Newton’s law exactly. Newton’s constant emerges from the
stiffness via the relation G = 3c*/(87tAp), showing that G is not a free parameter but a derived
quantity. A speculative extension to cosmology shows that the constant part of the strain field can be
interpreted as a cosmological constant whose magnitude is naturally of order c?/ R2,, offering a fresh
perspective on the dark energy problem. We have also discussed experimental signatures, including
tests with atom interferometry, cosmological observations, and antihydrogen experiments, which
could probe the repulsive nature of self-gravity.

Future work will extend the model to include spin, electromagnetic interactions, and a fully co-
variant formulation. The stitching conditions for multiple world-blocks may reveal deeper connections
to the emergence of classical spacetime. The repulsive nature of self-gravity, if confirmed, would have
profound implications for our understanding of quantum particles and their stability.
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Appendix A. Detailed Derivation of the Mutual Interaction Energy

We derive the interaction energy between two well-separated world-blocks A and B. Starting
from the action, the cross-term in Lge gives

UAB = AO /d3x ake{} aksijB.
Insert the solutions for ¢;; in terms of the sources. From (19), ignoring the harmonic part,

AR 3, Pa¥)
A0 =~ 5 it Y iz g1’

and similarly for block B. The gradient acts on the integral, and after some manipulation using the
Green function properties, one finds

- 3¢t 3..43,,43 i7 (¥-§) (¥-7)
UAB—m/dxd}/dZPA(y) ()W-

For well-separated blocks, we can approximate p4 (/) and pg(Z) as point sources at X4 and Xjp. The
integral then reduces to

3¢t mymp
87TAO R 7

Uap = —
where R = |X4 — Xp|. The negative sign arises from the angular integration. Using (22) gives (30).
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