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Abstract

We demonstrate that Einstein’s General Relativity emerges as a precise mathematical limit of the
3D+3D discrete spacetime framework. Starting from the complete six-dimensional Einstein-Hilbert
action with signature (—,+,4,+,—,—), we derive the conditions under which the additional temporal
dimensions ( , ) decouple, recovering the standard four-dimensional Einstein field equations G__
= T__ . The bridge between theories is encoded in the fundamental relation G = G /V , where
V = (2)2L L is the volume of the compactified temporal torus. We identify three physical regimes:
(i) the Einsteinian limit where Q-fields are frozen, (ii) the galactic regime where breathing modes
create apparent dark matter effects, and (iii) the cosmological regime governing dark energy.

Keywords: general relativity, extra dimensions, Kaluza-Klein theory, dark matter, modified grav-
ity, Einstein equations, dimensional reduction

PACS: 04.50.+h, 04.20.Cv, 11.25.Mj, 95.35.+d

1. Introduction
1.1 The Unlification Problem

Einstein’s General Relativity (GR) stands as one of the most successful physical theories ever
constructed. Its predictions have been verified to extraordinary precision: - Gravitational lensing -
Gravitational waves (LIGO) - Frame-dragging (Gravity Probe B) - Mercury perihelion precession -
Cassini Shapiro delay: =1+ (2.1 £ 2.3) x 10

Yet GR faces a profound puzzle at galactic scales. Galaxy rotation curves, gravitational lensing
by clusters, and large-scale structure formation all require either: - (a) Invisible “dark matter”
comprising 85% of cosmic mass - (b) Modifications to gravitational theory

The 3D+3D framework proposes option (b): spacetime has six dimensions with two temporal
dimensions compactified at galactic scales.



1.2 Historical Context

The idea of higher-dimensional physics: - Kaluza (1921): 5D gravity incorporates electromag-
netism - Klein (1926): Fifth dimension compactified on a circle - String theory: 10 or 11
dimensions, extra spatial dimensions at Planck scale

3D+3D differs fundamentally: Extra dimensions are temporal, not spatial, and compactified at
galactic scales (~10 ly), not Planck scales.

2. The Six-Dimensional Framework

2.1 Manifold Structure

M6:M4XT2

where: - M = observable 4D Lorentzian spacetime - T? = two-dimensional torus ( , )

Coordinate system:

xd = (202, 22,23 1y, ) = (t,2,Y, 2, Ty, T3)
2.2 Metric Signature
145 = diag(—, +,+,+,— —)|
This ensures: 1. Positive kinetic energy: Scalar fields from , have correct-sign kinetic terms

2. 4D causality: Observable spacetime maintains signature (—,+,+,+) 3. Compactification
stability: Prevents pathological runaway behavior

2.3 The General 6D Metric
ds? = —c?(1 4 2®/c?)dt? + (1 — 2®/c?)(dz? + dy? + d2?)
+2D dt dry — L3d73 + 2F drydry — L3dT2

where: - & = Newtonian gravitational potential - D = t- mixing coefficient (co-alignment) - F =
- mixing coefficient - L = 15.1 1y, L = 9.6 ly (compactification radii)

3. The Six-Dimensional Einstein Equations

3.1 Einstein-Hilbert Action

Mg [
Sep = 5 d 90\/—96R6

3.2 Field Equations

Gap=Rap— §9A3R6 = kelap

where = 8 G /c is the 6D gravitational coupling.



3.3 Component Decomposition

Component Equations Physics

() G_ = T_ Modified 4D gravity

(a) G_a= T _a 4D-compact coupling

(ab) G ab= T ab Compact dimension dynamics

4. Kaluza-Klein Dimensional Reduction

4.1 Integration Over Compact Dimensions
4 2 Mg
Sap Z/d 1:\/—94/d y\/—%[ 5 Rs}

4.2 Emergence of Scalar Fields

Fluctuations of internal metric — 4D scalar fields Q (x) and Q (x):

Y@, y) =15+ 0v75(2,y)

4.3 The Effective 4D Action

M? —
S4D = % d4$ —Y4 [R4 + L‘ewtra]
where:
1 o 1 o 5 1 o 1 5
Leptra = _5(6Q2) - §m2Q2 - 5(8623) - §m3Q3 + Lint

with masses: -m =2 /(Lc) =147 x 102 eV-m =2 /(Lc¢) =232 x 102 eV

4.4 THE BRIDGE FORMULA

_ G Gs

“1= 9, T enLyl,

Physical interpretation: The gravity we measure (G ) is the 6D gravity (G ) “diluted” by the
volume of the extra dimensions.

5. The Einstein Limit
5.1 Conditions for Recovery of GR

General Relativity emerges when extra dimensions decouple:

Condition 1 (Frozen Q-fields):

Qy = Q3 =const »9,Q; =0
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Condition 2 (No matter coupling):

p, = 0or ;=0

Condition 3 (Sub-resonant scales):

R <« Ay =4.30 kpc

5.2 Mathematical Derivation

Starting from:
G + AG,, =k, [T + T

When Q_I = const:
AG,, =0, T\ =0

We recover:

GL4VD) _ K4T£L7;1atter)

This is precisely Einstein’s field equation.

5.3 The Limit Theorem

Theorem (Einstein Limit): Let M be a six-dimensional spacetime satisfying the 3D+3D field
equations. In the limit where compact dimensions become static and/or R — 0 relative to

lim  (3D+3D) =GR
Q—const,R/\y—0

6. Physical Regimes

Regime Scale  Q-field Status  Physics
Einsteinian R « Frozen Pure GR
Galactic R~ Oscillating “Dark matter”

Cosmological R » Slowly varying “Dark energy”

6.1 Regime I: Einsteinian (Solar System)

e Scale: R < 1 pc
¢ Mechanism: Vainshtein screening
o Vainshtein radius: r V = (GM/A?%)"(1/3) 10' m (for Sun)

Empirical validation: - Cassini Shapiro delay: =1+ (2.1 £ 2.3) x 10 - Lunar laser ranging:
|AG/G| < 10 '3 - Mercury perihelion: anomalous precession < 0.1”/century



6.2 Regime II: Galactic

e Scale: R ~ 1-100 kpc
e« Mechanism: Q-field breathing modes excited

‘/7’2ot - ‘/132617" + U§D3D X fshape(R/A2)

6.3 Regime III: Cosmological

e Scale: R > 100 Mpc
e Mechanism: Slow evolution of compact dimensions

_ Bt(2)
Qq(2) ~ 6HZB((2))75

With _max = 0.40 and _ = 10 Gyr: _Q(0) 0.70

7. Falsifiable Predictions
7.1 Distinguishing Tests

1. Universal breathing scales: _n = x ~(n—2) independent of galaxy
2. Lensing deficit: 25% at M_ crit( ) = 1.8 x 10'* M__

3. Period ratio: T /T =30/19 1.579

4. Scale-dependent transition: R ~ 0.5 kpc

7.2 Explicit Falsification Criteria

No lensing deficit at M__crit — falsified

Wrong critical mass (>3 from 1.8 x 10'* M) — falsified
Wrong period ratio ( 30/19) — falsified

Dark matter particle detection — 3D+3D unnecessary
Solar System anomalies — falsified

ANl

8. Conclusions

8.1 The Unified Picture

Einstein’s GR C 3D+3D Framework

General Relativity is not replaced—it is contained within the 6D structure as a limiting case.

8.2 Key Results

1. Mathematical derivation: 6D Einstein equations reduce to 4D when compact dimensions
decouple
2. Bridge formula: G = G /V connects measured Newton’s constant to 6D gravity



3. Physical regimes: Three distinct regimes emerge from scale-dependent Q-field dynamics
4. Falsifiability: Explicit criteria distinguish from both ACDM and modified gravity

8.3 Einstein’s Vision

Einstein spent his later years searching for geometric unification. The 3D+3D framework achieves
something Einstein might have appreciated: a geometric explanation for phenomena currently at-
tributed to invisible matter.

Appendix A: Mathematical Conventions
A.1 Index Notation

Index Type Letters Range Meaning

6D A B, C,.. 05 All dimensions

4D spacetime , , , .. 0-3 Observable

3D spatial i, j, k, 1-3 Spatial

2D compact  a, b, c, .. 4-5 Compact temporal

A.2 3D+3D Parameters

Parameter Value Source

L 15.1 ly Compactification radius 1
L 9.6 ly Compactification radius 2
T 30 yr Breathing period 1

T 19 yr Breathing period 2

4.30 kpc Fundamental spatial scale
v_3D3D 90.39 km/s Characteristic velocity
1.618... Golden ratio
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