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ABSTRACT

We propose that quantum entanglement arises naturally from the geometric structure of six-dimensional
spacetime with signature (-,+,+,+,-,-). In the 3D+3D framework, two temporal dimensions (72, 13) are
compactified at scales L. = 9.5 ly and Ls = 6.0 ly. We derive the 6D Schrédinger equation and show that
correlations appearing "instantaneous" in ordinary time 1: correspond to causal propagation through the
compactified temporal dimensions. This provides a geometric resolution of the Einstein-Podolsky-Rosen (EPR)
paradox without violating locality in the full 6D spacetime. The framework predicts specific periodicities in
decoherence rates (T> =30 yr, Ts = 19 yr) and mass-dependent entanglement signatures testable with atomic

systems and quantum optical experiments.

Keywords: quantum entanglement, EPR paradox, extra dimensions, Kaluza-Klein theory, nonlocality, Bell
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1. INTRODUCTION

1.1 The EPR Paradox and Einstein's Concern
In 1935, Einstein, Podolsky, and Rosen (EPR) presented a thought experiment demonstrating what Einstein

called "spooky action at a distance" [1]. They showed that quantum mechanics predicts instantaneous
correlations between spatially separated particles, apparently violating the principle of locality required by

special relativity.
Einstein's Position:
¢ Quantum entanglement EXISTS (experimentally confirmed)
e It SEEMS to violate relativity (no signals faster than c)
e Therefore, quantum mechanics is INCOMPLETE
Modern Status:
e Bell's theorem (1964) [2] rules out local hidden variables
¢ Experiments confirm quantum predictions [3-5]

¢ EPR paradox remains conceptually unresolved



Einstein said it exists but couldn't explain HOW without violating relativity.

1.2 The 3D+3D Proposal
The 3D+3D discrete spacetime framework [6-10] proposes:

[ Mes = Ma x T?

Where:
e M = ordinary (3+1)D spacetime, signature (-,+,+,+)
e T?=two compactified temporal dimensions (12, T3)
e Full signature: (-,+,+,+,-,-)

Key Parameters:

~
L.=9.51y (compactification radius 12)
L;=6.0ly (compactification radius 1s)
T.=30yr (oscillation period in 12)

Ts=19yr (oscillation period in 13)

\

Validated by:
e SPARC galaxy rotation curves: A2 = 4.30 kpc (>100)
¢ NANOGrav pulsar timing: T2 = 30 yr (230)
e SLACS gravitational lensing: A = 11.7 kpc (7.30)
e LITTLE THINGS dwarf galaxies: M_crit thresholds (100%)
Hypothesis: Entanglement correlations "instantaneous" in 1: are physical propagation through (12, 13).

1.3 Analogy: The Folded Paper

Imagine ants on a 2D sheet of paper. Two points A and B are 10 cm apart. An ant traveling at 1 cm/s takes 10

seconds to go from A to B.

But: If the paper is FOLDED in 3D, A and B might touch! The ant can "jump" instantaneously in 2D by taking
a 3D path.

In 3D+3D:
e 4D observers see "instantaneous" entanglement (violates c?)
e In full 6D, correlation propagates causally through (12, 13)

e NO violation of locality in 6D!

1.4 Distinction from Other Work
Recent work by others [11-13]:

e Extra temporal dimensions at weak scale (~107%¢ s)



e Motivation: gravi-weak unification
e Tests: table-top quantum experiments
Our approach (3D+3D):
e Extra temporal dimensions at galactic scale (~10 ly)
e Motivation: dark matter phenomena
e Tests: astronomical data + quantum experiments
Both consistent! Different scales, different physics.

1.5 Roadmap

e Section 2: Review 6D geometric structure

e Section 3: Derive 6D Schrodinger equation

e Section 4: Wavefunction decomposition in (12, 13)
e Section 5: Entanglement mechanism

e Section 6: EPR paradox resolution

e Section 7: Predictions and experimental tests

e Section 8: Discussion and future work

2. GEOMETRIC STRUCTURE: 6D SPACETIME REVIEW

2.1 Manifold and Metric

6D spacetime:

[ Ms with coordinates (XL, T2, T3)

Where:
e X"u={(t, x,y, z) = ordinary 4D coordinates
e T2, T3 = compactified temporal coordinates

Metric structure:

ds?% =g pv dx"p dx*v - (d12)? - (d1s)? (2.1)

Signature: (-,+,+,+,-,-)

Compactification:



To~ T2+ 271la (2.2a)
T3 ~T3+ 2nls (2.2b)

Topology: Ms = Ma x S x S!

2.2 Kaluza-Klein Reduction
Following standard KK procedure [14-16], decompose:

[ g MNA(6D) — {g_uv"(4D), Qx(x"w), Qs(x 1)} (2.3)

Where Q2, Qs are scalar fields emerging from metric components:

Qz = g44A(6D) -1 (2.4a)
Qs = gss\(6D) - 1 (2.4b)

Classical action (Papers 1I-V):

S=[d¥ {
(M2 _PI/2)V(-g) R4
- (12)V(-g) g"uv [0_pQ2 6 vQz +0_pQs 8 vQs]
+ (12)V(-g) [m2? Q22 + ma? Q+?]
+(-g) [(B/M?_P1) Q2 p_b + (B+/M> P1) Qs p_b]
} (2.5)

-

Masses from compactification:

m = h/(Lz ¢) = 1.47 x 102 eV (2.62)
ms = h/(Ls ¢) = 2.32 x 1024 eV (2.6b)

2.3 Observational Signatures

Classical (astrophysical) regime:
¢ Q-fields modify gravitational dynamics
¢ Breathing scales A, in rotation curves
e Periodicities Tz, Ts in pulsar timing
Quantum regime (this paper):
¢ Wavefunction phase modulation by (12, t3)
¢ Entanglement correlations through compactified times

¢ Decoherence periodicities

3. QUANTUM MECHANICS IN 6D SPACETIME



3.1 Klein's 5D Quantum Mechanics (1926)
Historical precedent: Oskar Klein [17] solved Schrodinger equation in 5D Kaluza-Klein theory.

Klein's approach:

[ V(X Y, 2, 1, Xs) = 2 nya(X,y,z,t) exp(inxs/R) (3.1

Where x5 = extra spatial dimension compactified on circle radius R.
Result: KK tower of massive states with masses M_n = n#/(Rc).

Our extension: Same principle but for TEMPORAL extra dimensions!

3.2 6D Schrodinger Equation

Postulate: Quantum states described by wavefunction:

{ Y(x U, T2, T3) (3.2)

6D Schrodinger equation:

[ ih OW/ot = He ¥ (3.3)

Where Hs is 6D Hamiltonian.

Free particle Hamiltonian:

[ e = -#2/(2m) [V2_x + V2 y + V> 2] - 1?/(2m) [0 + ¥or?]  (3.4)

NOTE: Negative signs on temporal derivatives due to signature (-,-) for (12, 13).

3.3 Separation of Variables

Since (12, 13) are compactified with periods 2nl., 2nLs:

Fourier expansion:

[ Y W, T2, T3) = D, {n2,ns} ¢ {nz,ns}(xp) exp[i(n2t2/L2 + nsts/Ls)]  (3.5)

Where n2, ns € Z are quantum numbers for internal times.

Substitute into (3.3):

[ ih oy {n2ns}/ot=[Hs+E_{n2,ns}]y_{nzns} (3.6)

Where:



Hs = -7%/(2m) V2 + V(x) (4D Hamiltonian) (3.7a)

E {nz,ns} =A%/(2m) [(n2/L2)* + (ns/Ls)?] (KK mass contribution) (3.7b)

Physical interpretation:
¢ Ground state: (nz, n3) = (0, 0) — ordinary 4D quantum mechanics
e Excited states: (nz, ns) # (0, 0) — massive KK modes

Masses:

[ 1\/17{1’12,1’13}2 =Mo¢* + (l’lz/Lz)2 + (ns/L3)2 (38)

This is the Kaluza-Klein tower for temporal compactification!

3.4 Connection to Q-Fields

In classical limit (4 — 0), wavefunction phases — classical fields:

Qx(x"p) = (y| exp(it/L2) |y)  (expectation value) (3.92)
Qs(x"w) = (y] exp(its/Ls) [y) (3.9b)

Correspondence principle:
e Quantum: Y(xX"W, 12, 13)

e Classical: Q2(xp), Qs(x*n) from Papers [-V

4. WAVEFUNCTION STRUCTURE AND ENTANGLEMENT

4.1 Two-Particle System

Consider entangled pair (e.g., electrons, photons):

6D wavefunction:

Y(x_A, x B, 2"A, :"A, "B, 13"B, t) 4.1

Where:
e x_A, x B = spatial positions of particles A, B
e (T2"A, 13"A), (12"°B, 13"B) = internal time coordinates

Entangled state (Bell state analog):

[ Y= (1/\/2) [vi(x A,T A)y(x B,T B)-y-(x A, T A)y«(x B,t B)] (4.2)

Where:



e -, Y- = spin-up/down eigenstates (or polarization, etc.)
e T A=("A, 13"A), T B = (12"B, 13"B)

4.2 Correlation Through Compactified Times

Key insight: Phase correlations in (72, T3) create entanglement in 4D.

Example: Spin correlation along z-axis:

[ (S z°AS 7"B) =] du"A dt:"A di"B dt"B ¥* S z°A S z°B ¥ (4.3)

Expand in Fourier modes:

{ Y= {n A,n B} C {n A,n B} exp[i(ln A-t A/L+n Bt B/L)] (4.4)

Entanglement condition:

[ C {n A,n B} #C {n A} C_{n B} (non-factorizable) 4.5)

Physical picture:
e Particles A and B have correlated (12, 13) coordinates
e Measurement on A — collapse in (12"A, 13"A) space
¢ Correlation — instantaneous effect on (t2"B, 13”B)
e In 4D: appears as "spooky action"

e In 6D: causal propagation through internal times!

4.3 Propagation Speed in Internal Dimensions

Question: How fast does correlation propagate in (12, 13)?

Effective speed in compactified dimension:

[ v_eff = L/T = (circumference)/(oscillation period) (4.6)

For t2:

[ v_eff,, = (2nL2)/T> = (21 x 9.5 ly)/(30 yr) = 2.0 ly/yr = 2¢ 4.7)

For 7s:

{ v_eff,s = (2nLs)/Ts = 21 x 6.0 1y)/(19 yr) = 2.0 ly/yr = 2¢ (4.8)

INTERESTING: Propagation speed in internal times is ~2c!

But: This is speed in COMPACTIFIED dimensions, not in ordinary space. No causality violation!



Analogy: Light in optical fiber can travel faster than c/n (group velocity > ¢) without violating relativity,

because it's constrained to the fiber geometry.

5. EPR PARADOX RESOLUTION

5.1 EPR Setup in 6D
Standard EPR experiment:

1. Create entangled pair at point O

2. Particles A and B fly apart to detectors at x A, x B

3. Measure spin of A along axis & — result 1 or |

4. Measure spin of B along axis b — correlated with A
EPR conclusion: Measurement on A instantly affects B — nonlocality!
Einstein's objection: Violates special relativity!

5.2 6D Explanation
In full 6D spacetime:

Step 1: Entanglement creation

At (x=0, t=0): ¥ = (l/\/2)[\p+(r_A)\|/7(r_B) -y-(t_A)y«(t_B)] (5.1

Particles have correlated (t2, 13) coordinates from birth!

Step 2: Spatial separation

At t>0: Particles at x_A, x_B (space-like separated in 4D)
But: Still connected through (12"A, 13"A) < (12"B, 13"B)

Step 3: Measurement on A

{ Collapse: ¥ — y+(1_A) Q y-(1_B) (5.2)

Key point: Collapse propagates through (12, 13) at speed ~2c (Eq. 4.7-4.8).
Since L2, Ls ~ 10 ly, and separation x_A - x_B typically << 10 ly for lab experiments:

Propagation time in internal dimensions:

{ At internal ~ (x_A-x_B)v_eff~(1 m)/(2 ly/yr)= 1076 yr=3ns (5.3)

Appears instantaneous in ordinary time, but is causal in 6D!

5.3 No Violation of 4D Relativity

Crucial distinction:



4D observer sees:
e Correlation established "instantly" across space-like interval
e Apparent violation of locality
6D reality:
¢ Correlation propagates causally through (12, 13)
e Satisfies locality in full 6D spacetime
¢ No information faster than c in ordinary space

Analogy: Two ants on opposite sides of a folded paper communicate "instantly" in 2D by using the 3D fold.

The paper is folded in (12, t3) dimensions!

5.4 Comparison with Hidden Variables
Bell's theorem [2] rules out LOCAL hidden variables.

3D+3D framework:
e Variables: (12"*A, 13"A, 12"B, 13”B) are hidden (not directly observable)
e But they're nonlocal in 4D sense (causally connected in 6D)
e Therefore: consistent with Bell's theorem!

Key insight: Extra dimensions provide nonlocal hidden variables without violating 6D causality.

6. BELL INEQUALITIES AND PREDICTIONS

6.1 CHSH Inequality

Standard quantum prediction:

[ S QM =2\2~2.828 (Tsirelson bound) (6.1)

Classical local hidden variables:

[ S classical <2 (Bell-CHSH inequality) (6.2)

Experiments confirm: S_exp = 2.8, violating classical bound [3-5].

6.2 3D+3D Prediction

Question: Does 6D framework change CHSH value?

Answer: NO for ground state (n2=0, ns=0).

Reason: Reduction to 4D quantum mechanics in ground state — standard QM predictions.
But: For excited KK modes (n2#0 or ns#0):

Modified CHSH:



[ S {mms} =S QM x [1 + 8(n2,n3)] (6.3)

Where:

[ 8(n2,ms) ~ (E_{nz,ms}/M_Pl¢?) ~ 107 (n2? + n+?) (6.4)

Utterly negligible! Because m2, ms <<M_PI.

Conclusion: 3D+3D predicts standard CHSH violation for all practical purposes.

6.3 Novel Predictions: Decoherence Periodicities

Key testable prediction: Decoherence rate modulated by (t2, t3) oscillations!
Mechanism:

¢ Environment coupling to (12, T3) coordinates

e Periodic modulation with T2 =30 yr, T3 =19 yr

Decoherence rate:

[ T(t) = To [1 + Az cos(2ut/T>) + As cos(2t/T)] (6.5)

Where:

e ['o = baseline decoherence rate

¢ A:, As = modulation amplitudes (small, ~1073 - 107°)
Experimental signature:

e Long-term entanglement experiments (decades!)

¢ Look for 30-year and 19-year periodicities

e Requires stable quantum systems (e.g., atomic clocks, trapped ions)

6.4 Mass-Dependent Effects
Coupling to Q-fields: p_i/M? PI

For particle of mass m:

Coupling ~ (m/M_PI) x (Q-field amplitude) (6.6)

Prediction: Heavier particles show STRONGER entanglement signatures!
Testable with:

e Electrons vs protons vs atoms

e Expect: Az(proton) > Az(electron) by factor ~1836

Signature:



[ A _i(m)=A_i(electron) X (m/m_e) (6.7)

7. EXPERIMENTAL TESTS

7.1 Long-Term Atomic Clock Experiments

Setup:

¢ Maintain entangled atomic clock pairs for decades

¢ Monitor decoherence rate I'(t)

e Look for periodicities T =30 yr, Ts =19 yr
Current technology:

¢ Optical lattice clocks: stability ~107'8

e Can maintain coherence for years (with protection)
Challenge: Need continuous operation 30+ years!
Proposed:

¢ International collaboration (like LIGO, NANOGrav)

e Multiple redundant systems

e Archive historical data

7.2 Heavy Atom Entanglement

Prediction: Heavier atoms show stronger (2, t3) coupling.
Test:
e Compare entanglement fidelity: H vs He vs Ne vs Ar vs Xe
¢ Expect: heavier atoms — faster decoherence in specific environments

Why?

[ Coupling ~ (M_atom/M_PI) x Q-field (7.1)

Heavier atoms "see" Q-fields more strongly!
Proposed experiment:
¢ Create entangled pairs of different atomic species
e Measure Bell inequality violation vs atomic mass

e Look for systematic trend



7.3 Pulsar Timing + Quantum Experiments

Correlation test:

e NANOGrayv detects T> = 30 yr in pulsar timing

¢ Simultaneously, monitor quantum decoherence on Earth

e Check for CORRELATION between astrophysical and quantum signatures!
If correlated: Strong evidence that both couple to same (72, T3) geometry!
Timeline:

e NANOGrav 20-year data: ~2026

¢ Optical clock networks: operational now

e Cross-correlation: 2026-2030

7.4 Astrophysical Tests

Galaxy rotation curves already show 2A: signature.
New test: Look for quantum signatures in astrophysical systems!
Candidates:

e Pulsar glitches (quantum vortex pinning?)

e Neutron star cooling (modified equation of state?)

¢ Black hole quasi-normal modes (extra dimensions?)

Speculative but worth exploring!

8. DISCUSSION

8.1 Conceptual Advantages
Resolves EPR paradox:

e No "spooky action at a distance" in 6D

¢ Correlations propagate causally through (12, 13)

e Apparent instantaneity = geometric illusion from 4D projection
Completes Einstein's vision:

¢ Einstein: "QM incomplete, needs deeper theory"

e 3D+3D: Deeper theory = 6D geometry

¢ Entanglement = manifestation of extra temporal dimensions
Unifies gravity and quantum:

¢ Classical: Q-fields from metric (Papers I-V)



¢ Quantum: wavefunctions in 6D spacetime
e Same geometric origin!
8.2 Comparison with Other Approaches
Standard QM interpretation:
e Accept nonlocality as fundamental
¢ No deeper explanation
Bohm's pilot wave:
¢ Nonlocal hidden variables
¢ But: ad-hoc, not geometric
Many worlds:
¢ No collapse, all outcomes real
e But: ontologically extravagant
3D+3D:
¢ Geometric explanation
e Testable predictions
¢ Connects to astrophysics!

8.3 Challenges and Limitations
1. Why don't we see (T2, T3) directly?

Answer: Compactified at L ~ 10 ly >> atomic scales.
Detection requires:
¢ Quantum coherence over galactic distances, OR
¢ Long-term monitoring (decades), OR
e Precision at level ~ (A/L) ~ 1072°
All challenging but not impossible!
2. How does wavefunction collapse work in 6D?
Open question! Collapse mechanism unclear even in standard QM.
Possible directions:
e Decoherence through (12, 13) coupling
e GRW-like spontaneous localization [18]

e Penrose objective reduction [19]



Requires further work!
3. Consistency with quantum field theory?
Current status: We derived 6D Schrdodinger equation (single-particle).
Needed: Full 6D quantum field theory with:
e Second quantization
e Fock space
e Renormalization
Major project (Paper VII?).

8.4 Relation to String Theory

String theory: 10D or 11D spacetime, 6-7 spatial dimensions compactified.
3D+3D: 6D spacetime, 2 temporal dimensions compactified.
Compatible? Possibly!
Grand unified picture:

e Total: 13D spacetime (1 + 9 space + 3 time)

e Observable: (3+1)D

e Hidden: 6 spatial (Planck scale) + 2 temporal (galactic scale)
Speculative but intriguing!

8.5 Philosophical Implications

Nature of time:

e Time is not unique dimension

e Multiple temporal flows possible

e We experience one "slice" through 3D time manifold
Reality and observation:

e "Reality" in 4D = projection of 6D structure

¢ Entanglement = seeing 6D shadows
Determinism vs indeterminacy:

e 6D evolution: deterministic

e 4D projection: appears indeterministic

¢ Reconciles Einstein's discomfort with QM!

9. PREDICTIONS SUMMARY



9.1 Falsifiable Predictions

1. Decoherence periodicities:

To=30yr+2yr
Ts=19yr+2yr

Test: Long-term atomic clock experiments (decades).

2. Mass scaling:

{ A_i(m) o< (m/m_e)

Test: Entanglement fidelity vs atomic mass.

3. Correlation with astrophysics:

[ Quantum decoherence &« NANOGrav timing residuals

Test: Cross-correlation analysis (2026-2030).

4. KK excitations:

{ Massive entangled states at E ~ A/(L2c), #/(Lsc)

Test: High-precision spectroscopy (extremely challenging!).

9.2 What Would Falsify the Theory?
If ANY of these fail:

¢ No periodicities Tz, Ts in decades-long data

¢ No mass scaling in entanglement

¢ No correlation with astrophysical signatures
Then: 3D+3D entanglement mechanism is WRONG.

EDISON MODE: We document predictions BEFORE testing!

10. CONCLUSIONS

10.1 Main Results

We have derived:

1. 6D Schrodinger equation

[ ih OW/ot = [-h*/(2m)V2 - K(2m)V> 1+ V] ¥ (10.1)

2. Wavefunction structure



[ WM, T2, T3) = Y, {nz,nz} y {nz,ns}(x ) expli(n_it /L 1)] (10.2)

3. Entanglement mechanism
¢ Correlations in (12, T3) — entanglement in 4D

"n_

¢ "Instantaneous" = fast propagation through compactified times
4. EPR resolution

¢ No violation of 6D locality

e Apparent nonlocality = projection effect
5. Testable predictions

e T>2=30yr, Ts =19 yr periodicities

e Mass-dependent entanglement signatures

10.2 Significance

If correct:

Resolves 90-year-old EPR paradox

Completes Einstein's vision

Unifies quantum mechanics with 6D gravity

Connects quantum and astrophysical scales
If wrong:
e Still valuable exploration (EDISON MODE!)
e Motivates experiments

¢ Rules out specific mechanism

10.3 Next Steps

Theoretical:
e Full 6D quantum field theory
e Wavefunction collapse mechanism
¢ String theory embedding
Experimental:
e Launch long-term atomic clock experiments
e Heavy atom entanglement tests

e NANOGrav correlation analysis



Timeline:
e 2025-2026: Theoretical development
e 2026-2030: First experimental results
e 2030+: Definitive tests

10.4 Final Thoughts
Einstein was RIGHT to be bothered by entanglement.

He was RIGHT that QM might be incomplete.

He was RIGHT to seek geometric explanation.

What Einstein couldn't know: Time itself might have hidden dimensions!
""Spooky action at a distance' = propagation through hidden times.

NOT spooky. NOT nonlocal. Just 6D geometry!
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