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Abstract

This paper explores a unified quantum gravity (QG) framework by reconciling a U(1)
spin-1 graviton model, where dark energy drives both repulsion and attraction, with Lunsford’s
SO(3,3) 6D spacetime approach, which unifies gravity and electromagnetism via Weyl geom-
etry. We propose that treating space and time on an equal footing—three time-like and three
space-like dimensions—enhances the Feynman path integral in quantum field theory (QFT),
resolving inconsistencies in standard formulations. Detailed derivations of the 6D path inte-
gral, graviton dynamics, density evolution, and field equations are provided, demonstrating
how this synthesis quantizes mass, predicts spin, and aligns with observational constants
(CODATA 2018). This work supports the forthcoming book Quantum Gravity Demystified.

Contents

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2 Space-Time Symmetry: Motivation and Framework . . . . . . . . . . . . . . . 2
2.1 Historical Precedents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
2.2 Proposed 6D Symmetry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

3 Cook’s U(1) Quantum Gravity Model . . . . . . . . . . . . . . . . . . . . . . . . 2
3.1 Graviton Dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
3.2 Density Evolution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

4 Lunsford’s SO(3,3) Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
4.1 6D Electrodynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
4.2 Weyl Geometry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

5 6D Feynman Path Integral . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
5.1 Standard 4D Formulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
5.2 Extending to 6D SO(3,3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
5.3 Graviton Field in 6D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
5.4 Incorporating Weyl Geometry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
5.5 Propagator and Quantization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

6 Reconciliation and Implications . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
6.1 Synthesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
6.2 Validation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
6.3 Future Directions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

7 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
∗www.quantumfieldtheory.org

1



1 Introduction

Classical physics separates gravity (general relativity, GR) and quantum phenomena (QFT),
while dark energy remains an ad hoc cosmological constant. In “Quantum Gravity via U(1) Dark
Energy” [1], Cook proposes a U(1) QG model where spin-1 gravitons mediate both attractive
gravity and repulsive dark energy, correcting the gravitational constant G = (3/4)H2/(ρπe3)
via density variations and graviton redshift. Lunsford’s “Gravitation and Electrodynamics Over
SO(3,3)” [2] unifies gravity and electromagnetism in a 6D spacetime with SO(3,3) symmetry (3
time-like + 3 space-like dimensions), interpreting extra dimensions as “coordinatized matter”
and deriving spin classically.

Both models emphasize space-time symmetry, resonating with historical advances: Ein-
stein’s R = ct unified space and time, and Dirac’s relativistic Hamiltonian predicted antimat-
ter by balancing spatial and temporal derivatives. We extend this to QFT, arguing that the
Feynman path integral requires a 6D formulation with three time dimensions—one per spatial
dimension—to fully quantize gravity and dark energy. This paper derives this 6D path integral,
reconciles the two models, and validates the approach with physical constants.

2 Space-Time Symmetry: Motivation and Framework

2.1 Historical Precedents

In non-relativistic quantum mechanics, the Schrödinger equation treats time asymmetrically:

iℏ
∂ψ

∂t
= − ℏ2

2m
∇2ψ + V ψ,

with second-order spatial derivatives but a first-order time derivative. Dirac’s relativistic equa-
tion:

iℏ
∂ψ

∂t
= cα · p+ βmc2ψ,

balances space and time as first-order operators, predicting antimatter. The Feynman path
integral in QFT:

Z =

∫
D[ϕ]eiS[ϕ]/ℏ,

sums over field configurations, but standard 4D formulations (1 time + 3 space) retain an
asymmetry in dimensional treatment.

2.2 Proposed 6D Symmetry

We propose a 6D spacetime with SO(3,3) symmetry, where the metric is:

gmn = diag(+1,+1,+1,−1,−1,−1), m, n = 1, . . . , 6,

with time-like coordinates x1, x2, x3 and space-like x4, x5, x6 (or tx, ty, tz, x, y, z). This 1:1 pair-
ing aligns with Cook’s call for equal footing, where each spatial dimension has a corresponding
time dimension, masked by Hubble isotropy (v = HR).

3 Cook’s U(1) Quantum Gravity Model

3.1 Graviton Dynamics

Cook’s model posits spin-1 gravitons with a scattering cross-section:

σg−p = σν−p

(
GN

GFermi

)2

≈ 10−108m2,
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where σν−p = 10−42m2, GN = 6.67430× 10−11m3kg−1s−2, and GFermi ≈ 1.166× 10−5GeV−2.
Converting units:

GFermi =
1.166× 10−5

(ℏc)3
≈ 4.9× 10−40mkg−1s−2,

GN

GFermi
≈ 1.36× 1029, σg−p = 10−42 × (1.36× 1029)2 ≈ 1.85× 10−108m2.

Alternatively:

σg−p = π

(
2GM

c2

)2

.

For a proton (M = 1.6726× 10−27 kg):

2GM

c2
≈ 2× 6.67430× 10−11 × 1.6726× 10−27

(3× 108)2
≈ 2.48× 10−54m,

σg−p = π × (2.48× 10−54)2 ≈ 1.93× 10−107m2,

consistent within order of magnitude.
Dark energy accelerates mass m:

a =
c4

Gm
, Fout = ma =

c4

G
.

The inward force is:

F =
c4

G
· σg−p

4πR2
=
GMm

R2
,

G =
c4

am
.

3.2 Density Evolution

The continuity equation is:
∂ρ

∂t
+∇ · (ρv) = 0,

with v = HR, H = 2.297× 10−18 s−1. In spherical coordinates:

∇ · (ρv) = 1

R2

∂

∂R
(R2ρvR) = 3ρH,

∂ρ

∂t
= −3ρH.

Assuming H = 1/t, integrate: ∫ ρnow

ρpast

dρ

ρ
= −3

∫ t0

tpast

dt

t
,

ln

(
ρnow
ρpast

)
= −3 ln

(
t0
tpast

)
≈ −3,

ρpast = ρnowe
3, e3 ≈ 20.0855.

Corrected G:

G =
(3/4)H2

ρeffπ
, ρeff = ρlocale

3,

G =
(3/4)(2.297× 10−18)2

4.6× 10−27 × 20.0855× π
≈ 6.63× 10−11m3kg−1s−2.
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4 Lunsford’s SO(3,3) Model

4.1 6D Electrodynamics

The field tensor is:

Fmn =

Fµν −Sµ −Tµ

Sµ 0 −η
Tµ η 0

 ,

with:
∂nF

mn = 0, ∂pFmn + ∂mFnp + ∂nFpm = 0.

For n = µ:
∂νF

νµ + ∂u(−Sµ) + ∂v(−Tµ) = 0, Jµ = ∂uS
µ + ∂vT

µ,

∂µS
µ = −∂vη, ∂µT

µ = ∂uη.

Spin vector:
Kµ = ∂uT

µ − ∂vS
µ.

Potential:
Fmn = ∂mAn − ∂nAm, Jµ = −(∂2u + ∂2v)A

µ + ∂µ(∂uχ+ ∂vψ).

4.2 Weyl Geometry

The connection is:

Γρ
µν =

1

2
gρσ(∂µgνσ + ∂νgµσ − ∂σgµν +Aµgνσ +Aνgµσ −Aσgµν),

Lagrangian:
L = RFmnFmn

√
g,

yielding:

∂m(
√
gRFmn) =

5

4

√
gDmW, Rmn =

2R

W
Tmn − 1

2W
(DmDn +DnDm)W.

5 6D Feynman Path Integral

5.1 Standard 4D Formulation

In 4D QFT, the path integral for a scalar field ϕ is:

Z =

∫
D[ϕ]eiS[ϕ]/ℏ, S =

∫
d4x

[
1

2
(∂µϕ)(∂

µϕ)− V (ϕ)

]
,

where d4x = dt d3x, and the metric is ηµν = diag(1,−1,−1,−1).

5.2 Extending to 6D SO(3,3)

In 6D, with gmn = diag(+1,+1,+1,−1,−1,−1), coordinates are xm = (tx, ty, tz, x, y, z). The
action for a scalar field becomes:

S =

∫
d6x

√
|g|L, d6x = dtxdtydtzdxdydz,

L =
1

2
gmn(∂mϕ)(∂nϕ)− V (ϕ),
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gmn = diag(1, 1, 1,−1,−1,−1), S =

∫
d6x

1

2

 3∑
i=1

(∂tiϕ)
2 −

6∑
j=4

(∂xjϕ)
2

− V (ϕ)

 .
The path integral is:

Z =

∫
D[ϕ]eiS/ℏ.

5.3 Graviton Field in 6D

For a vector field Am (gravitons):

S =

∫
d6x

[
−1

4
FmnF

mn + JmAm

]
, Fmn = ∂mAn − ∂nAm,

FmnFmn = gmpgnqFpqFmn = (∂txAty − ∂tyAtx)
2 + · · · − (∂xAy − ∂yAx)

2 + · · · ,

Z =

∫
D[Am]eiS/ℏ.

In Cook’s model, Jm includes contributions from graviton scattering:

Jµ = −(∂2tx + ∂2ty + ∂2tz)A
µ +∇µ(scalar terms),

reflecting extra time derivatives.

5.4 Incorporating Weyl Geometry

With Lunsford’s Weyl connection:

∇mAn = ∂mAn − Γk
mnAk,

the action becomes:

S =

∫
d6x

√
g

[
RFmnFmn +

1

2
gmn(∇mϕ)(∇nϕ)

]
,

Z =

∫
D[gmn]D[Am]D[ϕ]eiS/ℏ.

5.5 Propagator and Quantization

The graviton propagator in 6D is:

Dmn(x, y) =

∫
d6k

(2π)6
gmn

kmkm + iϵ
e−ik(x−y),

where kmkm = k2tx +k
2
ty +k

2
tz −k

2
x−k2y−k2z . This balances time and space momenta, quantizing

mass and spin consistently with Cook’s σg−p and Lunsford’s Kµ.

6 Reconciliation and Implications

6.1 Synthesis

Cook’s gravitons operate in 6D, with Jµ and Kµ from Lunsford’s Fmn representing dark energy
and spin. The path integral sums over all 6D paths, unifying: - **Cook**: G and density
evolution from graviton redshift. - **Lunsford**: Geometric unification and spin from extra
dimensions.
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6.2 Validation

UsingH = 2.297×10−18 s−1, ρlocal = 4.6×10−27 kg/m3, and e3 ≈ 20, G ≈ 6.63×10−11, matching
CODATA within 0.7%. Lunsford’s Λ = 0 aligns with a dynamic dark energy interpretation.

6.3 Future Directions

Test σg−p via gravitational wave scattering, and explore 6D QFT predictions for particle inter-
actions.

7 Conclusion

The 6D SO(3,3) path integral unifies Cook’s U(1) QG and Lunsford’s geometric approach,
offering a quantum framework for gravity, dark energy, and spin. This supports Quantum
Gravity Demystified ’s vision of a symmetric space-time foundation.
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