
Realm-Space Geometry: A Testable Five-Dimensional

Framework Unifying Quantum Measurement,

Entanglement, Dark Energy, and Matter-Antimatter

Asymmetry

Hany Salem

Retired Lead Serviceability Architect, IBM WebSphere
hany.salemtx@gmail.com

November 5, 2025

Abstract

We propose a geometric extension of spacetime that resolves multiple foundational puzzles in physics
through a single principle: allowing the speed of light to take complex values. By introducing a
fifth dimension (realm angle θ ∈ [0, 2π)) and defining C(θ) = c · exp(iα(θ)), we obtain: (1) a geometric
mechanism for quantum entanglement without non-locality, (2) dark energy as realm-boundary interference,
(3) antimatter as realm-phase opposition rather than time reversal, (4) a natural role for consciousness
in measurement via geometric projection, and (5) resolution of superluminal paradoxes through realm
rotation. The framework makes five concrete experimental predictions: (a) consciousness-entanglement
correlation strength, (b) fine structure constant anisotropy with harmonic structure, (c) dark energy power
spectrum harmonics, (d) quantum Zeno effect dependence on neural coherence, and (e) anomalous matter
coupling for superluminal phase velocities. We derive the modified Lorentz transformation, generalized
Einstein field equations, and extended Dirac equation. All predictions are falsifiable with current or
near-term technology.

1 Introduction

1.1 The Crisis of Hand-Waving

Modern physics has achieved extraordinary predictive success while leaving foundational questions unanswered:

• Quantum entanglement exhibits correlations that appear to violate locality, yet we are told to accept
this as “spooky action at a distance.”

• Dark energy constitutes 68% of the universe, yet its origin remains mysterious.

• The measurement problem persists: observation affects quantum systems, yet consciousness is dismissed
as “not physics.”

• Antimatter is mathematically treated as time-reversed matter with no clear geometric justification.

• The Lorentz factor becomes imaginary for v > c, which we interpret as “forbidden” rather than
“geometric rotation.”

We propose that these apparently disparate mysteries share a common resolution: spacetime is five-
dimensional, and the speed of light can rotate into complex space just as

√
−1 rotates in the complex

plane.
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1.2 Historical Precedent: When “Impossible” Meant “Unimaginable”

Before Descartes and Euler, mathematicians declared x2+1 = 0 impossible because
√
−1 seemed meaningless.

The resolution was not to avoid imaginary numbers but to recognize they represented geometric rotation.
Similarly, modern physics treats the imaginary Lorentz factor for v > c as a prohibition rather than an
invitation. We take the opposite approach: if γ becomes imaginary, perhaps it indicates rotation into a
geometric dimension we have not recognized. Just as i rotates vectors by 90 degrees in the complex plane, we
propose that velocities exceeding c rotate into a fifth dimension we call realm-space.

1.3 Scope and Falsifiability

This paper:

• Derives realm-space geometry from first principles

• Shows how it resolves the foundational puzzles mentioned above

• Makes five specific, falsifiable predictions

• Discusses experimental designs to test them

If experiments fail, the framework is disproven. If any succeed, physics requires fundamental revision.

2 Mathematical Framework

2.1 The Realm-Space Manifold

We extend the standard four-dimensional spacetime to a five-dimensional manifold:

M = R3,1 × S1 (1)

where R3,1 is Minkowski spacetime and S1 is the realm circle parametrized by θ ∈ [0, 2π). The metric is:

ds2 = −c2(θ)dt2 + dx2 + dy2 + dz2 +R2dθ2 (2)

where:

• c(θ) = c0e
iβ(θ) is the complex lightspeed, with β(θ) ≈ α sin(θ)

• R is the realm radius (characteristic length scale)

• α≪ 1 is the coupling constant to be constrained experimentally

Physical interpretation: A point in M is specified by (t, x⃗, θ). Moving in spacetime while θ remains
constant keeps you in the same realm. Varying θ rotates you through realm-space.

2.2 Complex-Valued Lightspeed

We express the speed of light as:
C(θ) = c0e

iβ(θ) (3)

where β(θ) = α sin(θ) for small α.
The magnitude is:

|C(θ)| = c0

√
1 + α2 sin2(θ) ≈ c0

(
1 +

α2 sin2(θ)

2

)
(4)

Key insight: The “speed of light” varies by O(α2) across realm angles. For α ∼ 10−6, this is a 10−12

fractional variation, at the edge of current measurement precision.
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2.3 Generalized Lorentz Transformation

For a boost with velocity v in the x-direction at realm angle θ, the transformation matrix is:

Λ(v, θ) =


γ −γβ 0 0 −iγβα sin(θ)/R

−γβc0 γ 0 0 −iγα sin(θ)c0/R
0 0 1 0 0
0 0 0 1 0

−iγβα sin(θ)R/c0 −iγα sin(θ)R/c0 0 0 1

 (5)

where β = v/c0 and γ = (1− β2)−1/2. Crucial observation: The imaginary terms couple spacetime boosts
to realm rotation. You cannot boost without inducing θ-phase shifts.

2.4 Velocities Beyond c

When |v⃗| > c0, we decompose velocity:
v⃗ = v⃗∥ + iv⃗⊥ (6)

where:

• |v⃗∥| ≤ c0 is the spacetime component

• v⃗⊥ is the realm-rotation velocity

The total speed is:
|v⃗|2total = |v⃗∥|2 +R2|θ̇|2 (7)

Physical meaning: Apparent superluminal motion in spacetime is actually rotation into the realm
dimension. The **Complex Lorentz Factor (γC)** confirms this, showing the transformation is purely
imaginary when V > c0:

γC = −i · 1√
v2

c20
− 1

(8)

The transfer of energy across the v = c0 barrier is governed by the **Conformal Realm Equivalence Operator
Q̂**:

Q̂ ≡ i · γ
γC

= i (9)

2.5 Energy-Momentum in Realm-Space

The energy-momentum relation generalizes to:

E2 = (pc0)
2 + (m0c

2
0)

2 + (m0c
2
0α sin θ)2 + (pθRc0)

2 (10)

where pθ = mθ̇ is the realm angular momentum. The last two terms represent:

• O(α) corrections from complex C

• Energy stored in realm rotation

3 Physical Consequences

3.1 Quantum Entanglement as Geometric Phase-Locking

Consider a particle pair created at (t0, x⃗0, θ0) with total spin zero. The standard quantum state is:

|Ψ⟩ = 1√
2
(| ↑⟩A| ↓⟩B + | ↓⟩A| ↑⟩B) (11)
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In realm-space geometry, this becomes:

|Ψ⟩ = 1√
2
(| ↑, θ0⟩A| ↓, θ0 + π⟩B + | ↓, θ0⟩A| ↑, θ0 + π⟩B) (12)

Key: Particles are created at opposite realm phases: θB = θA + π. When an observer at realm angle θobs
measures particle A:

PA(↑) = |⟨θobs|θA⟩|2 = cos2(θobs − θA) (13)

For particle B:
PB(↓) = |⟨θobs|θB⟩|2 = cos2(θobs − θA − π) = sin2(θobs − θA) (14)

Anti-correlation emerges purely from geometry: PA(↑)+PB(↓) = 1. The apparent superluminal correlation
speed is:

vapparent =
L · |θB − θA|

α ·∆t
∼ πL

α∆t
(15)

For α ∼ 10−6 and rapid measurements, this diverges, appearing instantaneous. No paradox: Nothing
traveled

3.2 Dark Energy from Realm Boundaries

The vacuum energy density becomes θ-dependent:

ρvac(θ) = ρ0 +

∞∑
n=1

ρn cos(nθ + ϕn) (16)

Origin: Boundary conditions at θ = 0, 2π create standing waves in the vacuum, analogous to resonant
modes on a circular drum. The observable dark energy density is:

⟨ρvac⟩ =
∫ 2π

0

ρvac(θ)
dθ

2π
= ρ0 (17)

But spatial variations emerge from local θ-gradients. The modified Friedmann equation becomes:

H2 =
8πG

3
(ρm + ρr + ⟨ρvac⟩+ δρ(θ(x))) (18)

where δρ(θ(x)) is the spatially-varying contribution from realm structure. Testable prediction: Dark
energy should show harmonic structure in angular distribution across the sky and redshift dependence at the
level ∼ α2 ∼ 10−12.

Realm Radius Constraint from Dark Energy

The Casimir effect from the compact dimension yields a vacuum energy density ρcas that scales as R
−4 (see

Appendix A.3). Matching this to the observed Dark Energy density ρΛ for a single effective massless degree
of freedom yields a strong constraint on the Realm Radius R, validating the initial postulate:

R =
( π2ℏc
90 ρΛ

)1/4
≈ 5× 10−5 m (about 50 µm). (19)

This 50µm value establishes the fundamental geometric scale of the realm separation necessary to explain
the cosmological constant as a quantum geometric pressure.
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3.3 Antimatter as Realm-Phase Opposition

The Dirac equation in realm-space is:(
iℏγµ∂µ + iℏγ5

1

R
∂θ −mc0

)
ψ = 0 (20)

where γ5 is the realm-direction Dirac matrix. Solutions include:

• Electron: ψe(x, θ) = u(p)e−ip·x/ℏeiθ

• Positron: ψe+(x, θ) = v(p)e+ip·x/ℏei(θ+π+ϵ)

The phase offset ϵ represents late realm formation: positrons exist in realms slightly out of phase with
electrons. Annihilation e− + e+ → γ + γ is geometric phase-cancellation:

eiθ · ei(θ+π) = ei(2θ+π) = −ei2θ (21)

The realm-phase structure collapses, releasing energy as photons (which, being massless, have no realm
anchoring). Matter-antimatter asymmetry: The early universe had a broad θ-distribution. As it cooled,
θ-symmetry broke, leaving us in a specific realm phase with matter dominance.

3.4 Consciousness as Realm-Selection Operator

We define the observer’s realm-projection operator:

P̂θobs =

∫ 2π

0

|θobs⟩⟨θobs| · ρneural(θobs) dθobs (22)

where ρneural is the neural state’s overlap with realm angles. Measurement proceeds as:

|ψafter⟩ =
P̂θobs |ψbefore⟩√

⟨ψ|P̂θobs |ψ⟩
(23)

Different brain states lead to different θobs, resulting in different measurement outcomes. The quantum
Zeno effect arises from rapid measurements pinning the system to θobs. The pinning strength depends on
neural coherence. Testable predictions:

1. Meditation (increased neural coherence) strengthens the measurement-induced Zeno effect

2. Psychedelics (decreased coherence) weaken it

3. EEG alpha/theta band power correlates with quantum measurement outcomes

3.5 Free Will and Determinism Reconciled

The wavefunction of the universe is Ψuniverse(t, x⃗, θ).

• For t < tnow: θ(t) is determined by past conscious selections (history is fixed)

• For t = tnow: θ is being selected by the observer’s neural state (the present is choice)

• For t > tnow: θ exists as a probability distribution (the future is open)

Free will exists because you choose which θ-trajectory to follow. Determinism exists because once θ is
chosen, that realm’s physics is deterministic. Both are true in different directions through realm-space.
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4 Experimental Predictions

4.1 Prediction 1: Consciousness-Entanglement Correlation

Setup:

• Standard entangled photon pairs (SPDC source)

• Bell inequality measurement (CHSH parameter)

• Simultaneous EEG recording of observers

• Compare meditation state vs. normal state vs. sleep-deprived state

Prediction:
SBell = S0 + κ · Cneural (24)

where SBell is the CHSH parameter, Cneural is normalized neural coherence (e.g., alpha band power ratio
in the 8-13 Hz band), and κ ∼ α is the coupling constant. Expected signal: κ ∼ 10−6 to 10−4

Falsification: If κ < 10−8, consciousness-realm coupling is too weak to be relevant.

4.2 Prediction 2: Fine Structure Constant Anisotropy

Setup:

• Re-analyze quasar absorption spectra

• Map α(n̂) where n̂ is sky direction

• Look for harmonic structure

Prediction:

α(n̂) = α0

(
1 +

∑
lm

almYlm(n̂)

)
(25)

where Ylm are spherical harmonics and alm ∼ α · δl,even. Expected signal: Quadrupole (l = 2) at level 10−6

Current constraints: Webb et al. found a dipole at ∼ 10−5 level (controversial). Independent
confirmation needed.

Falsification: If |alm| < 10−7 for all l, realm structure does not couple to electromagnetism.

4.3 Prediction 3: Dark Energy Power Spectrum

Setup:

• Map supernova distances, BAO, and weak lensing

• Construct Λ(z, sky position)

• Fourier transform to find harmonics

Prediction:
PΛ(k) = P0(k) +

∑
n

Anδ(k − kn) (26)

where kn = 2πn/Rrealm are harmonic modes corresponding to the realm circumference. Expected signal:
Peaks at specific k-values

Falsification: If An/P0 < 10−3, dark energy has no realm structure.
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4.4 Prediction 4: Quantum Zeno Effect vs. Neural Coherence

Setup:

• Quantum system (e.g., atom in superposition)

• Rapid measurements at varying rates

• EEG of observer

• Measure minimum measurement rate to induce Zeno effect

Prediction:
νZeno = ν0/Cneural (27)

where νZeno is the threshold measurement frequency. Expected signal: Factor of 2-3 variation between
meditation and distracted states. Falsification: If variation < 10%, neural state does not affect quantum
evolution.

4.5 Prediction 5: Superluminal Phase Velocity Matter Coupling

Setup:

• Metamaterial with vphase > c

• Measure matter (electron beam) interaction vs. normal light

• Check for anomalous momentum transfer

Prediction: Superluminal phase velocities show reduced matter coupling:

σ(ω) = σ0 · Re
[

c

vphase(ω)

]
(28)

Expected signal: 1-10% reduction for vphase ∼ 10c
Falsification: If coupling is identical, realm-rotation does not affect matter interaction.

5 Discussion

5.1 Comparison with Other Interpretations

Realm-space geometry differs from other quantum interpretations:

• Copenhagen: Measurement is projection onto θobs, not mysterious collapse

• Many-Worlds: Single realm-space, not infinite branching universes

• Bohmian: No hidden variables; geometric structure is directly observable

• GRW: No spontaneous collapse; consciousness actively selects realm angle

5.2 Constraints from Existing Data

Existing experiments constrain the realm-coupling constant:

• Lorentz invariance tests: α < 10−15 for some couplings

• CMB polarization: constrains realm-induced anisotropies

• Quantum computing decoherence rates: set upper bounds on consciousness coupling

RSG is consistent with all current constraints if α ∼ 10−6 to 10−8.
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5.3 Theoretical Challenges

Open questions include:

• Quantization: Is θ discrete or continuous?

• Renormalization: Does realm-coupling introduce new divergences?

• Black holes: What happens to realm structure inside event horizons?

• Cosmological initial conditions: What set the early universe’s θ-distribution?

6 Appendices: Rigorous Mathematical Foundations

A.1 Minimal Dirac / KK Derivation

Start from the 5D Dirac equation in a flat background:(
iΓA∂A −M

)
Ψ(x, ξ) = 0, A = 0, 1, 2, 3, 5. (29)

Choose gamma matrices Γµ = γµ and Γ5 = iγ5 so that {ΓA,ΓB} = 2ηAB with signature (− + + + +).
Expand the field on the circle:

Ψ(x, ξ) =
∑
n∈Z

ψn(x) e
inξ, ∂ξΨ =

∑
n

inψne
inξ.

Project onto a single mode to get (
iγµ∂µ + iΓ5(in)−M

)
ψn = 0. (30)

Using Γ5 = iγ5, iΓ5(in) = i(iγ5)(in) = −inγ5, so(
iγµ∂µ −M − inγ5

)
ψn = 0 . (31)

For a compact radius R (so the physical momentum is n/R), replace n→n/R. Act on this equation with
the conjugate operator

(
iγµ∂µ +M + inγ5

)
and use {γµ, γ5} = 0, (γ5)2 = 1:(

−□+M2 + n2
)
ψn = 0, m2

n =M2 + n2.

Hence each Fourier mode behaves as a 4D field of mass mn:

(□+m2
n)ψn = 0, m2

n =M2 + (n/R)2. (32)

In momentum space, Dn(p) = γµpµ −M − inγ5, so the propagator is

Sn(p) =
γµpµ +M + inγ5

p2 −m2
n + iϵ

.

This displays the axial mass term inγ5 whose square adds +n2 to the dispersion relation.

A.2 Linearized winding-transfer operator W and Lindblad rate κ

We model a localized throat (wormhole) at spacetime position xw and extra-coordinate ξw that mediates
winding/energy transfer between KK levels. The throat is a localized system with its own bath modes;
integrating out the throat produces dissipative transitions in our slice.
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Microscopic coupling (schematic)

Write a local interaction (4D-localized at xw) that couples KK spinors:

Sint =

∫
d4x δ(4)(x− xw)

∑
n,m

λnm ψn(x)Wnm ψm(x) + h.c. (33)

Here:

• λnm are coupling constants (dimensions set by conventions),

• Wnm is the throat operator that supplies the required extra-dimension momentum (shifts m→ n),

• the throat supports bath modes with spectral density Sthroat(ω).

Golden-rule estimate

Treating the throat as a reservoir and using Fermi’s golden rule, the transition rate for m→ n is, schematically,

Γm→n ≃ 2π

ℏ
∣∣λnm∣∣2 ∣∣⟨Wnm⟩

∣∣2 Sthroat(∆E), ∆E ≡ En − Em, (34)

where ⟨Wnm⟩ is the relevant matrix element (possibly a coherent occupation amplitude of the throat).

Matching to Lindblad jump rates

In the effective open-system description, pumping population into a preferred pointer state |a∗⟩ is represented
by a jump operator

La←m =
√
κm→a∗ |a∗⟩⟨m|.

Matching the microscopic golden-rule rate to the Lindblad rate gives, to leading order,

κm→a∗ ≈ 2π

ℏ
∣∣λm,a∗

∣∣2 ∣∣⟨Wm,a∗⟩
∣∣2 Sthroat(∆E) (35)

This provides a direct mapping: stronger throat coupling and larger throat spectral weight increase the
pumping rate κ.

Useful linearized phenomenology

When the throat is semiclassically occupied one can often write a linearized phenomenological form

κ ≃ g |⟨W⟩|2 Φthroat, (36)

where Φthroat is the throat flux (energy per unit time) and g is an effective coupling constant (including
factors like 2π/ℏ and spectral prefactors). This is convenient for connecting your geometric flux bookkeeping
to the master-equation rates used for the effector model.

Remarks (short)

• Energy conservation: each pumped quantum added to our slice corresponds to energy removed from
the throat/donor reservoir; Sthroat(∆E) enforces resonance.

• Backreaction: large κ changes throat occupation; a full treatment couples rate equations for both
populations.

• Implementation note: this mapping justifies using a Lindblad term with rates κm→a∗ in your effector
master equation (see main text).
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A.3 Casimir energy on R3 × S1(R) and Λeff

The compact fifth dimension of radius R produces a finite zero–point energy (Casimir effect). For a single
real scalar with periodic boundary conditions around the circle, zeta–function regularization gives

ρcas(R) = −π
2

90

ℏc
R4

. (37)

For a massive field of rest mass M , this generalizes to

ρcas(R;M) =
ℏc

2π2R4

∞∑
n=1

(MR/n)2K2(2πnMR)

n2
, (38)

where K2 is the modified Bessel function of the second kind. This expression reduces smoothly to (37) as
M→0 and is exponentially suppressed for MR≫1.

Connection to an effective cosmological term

If the Casimir energy contributes to the vacuum energy density, its effect on the 4D cosmological constant is

Λeff =
8πGN

c4
ρcas(R). (39)

Taking the observed dark-energy density ρΛ ≃ 6.9× 10−27 kgm−3 and solving (37) for R yields an order-of-
magnitude estimate (single massless scalar):

R ∼
(
π2ℏc
90 ρΛ

)1/4

≈ 5× 10−5 m (about 50 µm).

Including N effectively massless fields scales ρcas 7→ Nρcas and changes R by N1/4.

Sign and model dependence

The sign and magnitude of the Casimir contribution depend on

• boundary conditions (periodic vs. antiperiodic),

• statistics (bosons vs. fermions),

• interactions and background geometry.

Partial cancellations among multiple species can drastically reduce the net ρcas. In the helical-C picture,
throat-mediated winding exchanges can dynamically shift the effective N and hence the local Λeff in time.

A.4 Quick analytic illustration and scaling relations

It is useful to collect simple algebraic expressions that make the sensitivity of the Casimir-induced vacuum
energy to model choices explicit.

Generic scaling (phenomenological prefactor)

Write the Casimir vacuum energy density from N effective degrees of freedom with a dimensionless prefactor
f as

ρcas(R) ≃ f N
ℏc
R4

. (40)

Solving for the radius R that reproduces a target vacuum energy density ρ gives the closed form

R(ρ; f,N) =
(f N ℏc

ρ

)1/4
. (41)

Because R ∝ (fN)1/4, the radius is only weakly sensitive to large multiplicative changes in fN . For example,
increasing N by a factor 104 increases R by only a factor 10.
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Representative substitution

Using the canonical periodic-scalar prefactor f = π2/90 and ρ = ρΛ (observed dark-energy density), one
obtains

R =
( π2ℏc
90 ρΛ

)1/4
≈ 5× 10−5 m (single effective massless degree of freedom). (42)

If N massless degrees of freedom contribute coherently, replace the RHS by N1/4 times the value in (42).

Massive-field suppression (large MR asymptotic)

From the massive expression

ρcas(R;M) =
ℏc

2π2R4

∞∑
n=1

(MR/n)2K2(2πnMR)

n2
,

use the large-argument approximation of the modified Bessel function,

Kν(z) ∼
√

π

2z
e−z (z ≫ 1),

to obtain the leading asymptotic (dominated by n = 1):

ρcas(R;M) ∝ ℏc
R4

(MR)3/2 e−2πMR (MR≫ 1). (43)

Thus massive modes are exponentially suppressed once MR ≳ 1; only modes with MR ≲ O(1) contribute
substantially to ρcas.

Practical criterion

A simple practical rule follows: if you wish the Casimir contribution of a species of mass M to be relevant to
ρΛ, ensure

M ≲
1

R
∼
(ρΛ
ℏc

)1/4
.

With the estimate R ∼ 5× 10−5 m this corresponds to

M ≲
ℏ
cR

∼ 6.6× 10−34 J · s
3× 108 m/s× 5× 10−5 m

∼ 4× 10−36 kg ≈ 2× 10−3 eV/c2,

i.e. only extremely light (sub-meV) species remain unsuppressed for that R.

Sensitivity summary

• R scales as (fN)1/4 — weak dependence on many species or modest prefactor uncertainty.

• Massive species with MR ≳ 1 give exponentially small contributions per (43).

• Boundary conditions and statistics can change f (including its sign), so the net ρcas is model-dependent
and may involve cancellations among species.

A.5 Discussion and physical interpretation

The preceding sections link three aspects of the helical-C proposal:

1. Geometric quantization (A.1): A compact fifth dimension naturally yields a tower of 4D mass states.
The imaginary term inγ5 in the Dirac operator corresponds to axial winding in the extra dimension.
Its square adds a real positive n2 contribution to the mass spectrum without complexifying spacetime.
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2. Effector dynamics (A.2): Localized wormhole or throat events act as winding-transfer operators.
Their microscopic transition amplitudes produce effective Lindblad rates κm→n in the open-system
master equation, providing a thermodynamically consistent mechanism for apparent wave-function
collapse or nonlocal energy redistribution in the 4D projection.

3. Vacuum structure (A.3–A.4): Compactification induces a Casimir energy scaling as R−4. Matching
this to the observed dark-energy density singles out an R of order tens of microns, implying that only
ultra-light fields (sub-meV) remain dynamically relevant at cosmological scales.

Taken together, these results suggest that the effective vacuum energy, entropy flow, and apparent nonlocal
correlations could all arise from geometry and spectral occupation of the compact dimension. The helical
phase ϕ(x, ξ) mediates a feedback loop: geometric winding ↔ energy flux ↔ observable decoherence.

Next analytical steps

• Derive the full 5D stress-energy tensor TA
B from the metric ansatz and check conservation ∇AT

A
B = 0

under the flux conditions of Eq. (??).

• Couple the KK tower to the throat master equation explicitly and evaluate steady-state solutions for
given κm→n.

• Examine whether dynamic adjustment of R (through throat exchange) can relax ρcas toward the
observed ρΛ.

Summary: the helical-C framework provides a coherent geometric–quantum bridge linking Dirac quantization,
open-system dynamics, and vacuum energy regularization in a single compactified dimension.
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