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Quantum entanglement from Multidimensional Time
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Abstract: The successful series of tests supporting Bell’s Theorem (BT) have been progressively reducing the chances for local realism
to describe two particles A and B separated after an initial quantum interaction. We present the Multidimensional Time (MTD) as
proper background for a final attempt to restore the local causality in Bell scenarios. The MDT would keep “timelike” the interval
between A and B so that they could communicate through subluminal signals. Furthermore, temporal hidden variables could lead to
the stunning conclusion that the particles A and B do not separate even if they are spatially distant. The MDT is compatible with the
Connection across Constrained Colliders (CCC), another cutting-edge theory still escaping the BT.
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1. Introduction

The Nobel Prize in Physics 2022 has renewed the
in Bell’s theorem (BT) and the
experiments measuring the polarization (or spin) of pairs
of particles separated after an initial quantum interaction.
In this short note we do not discuss neither the
mathematics of BT (Bell, 1964) nor the apparatuses
arranged for Bell tests (Clauser & Horne, 1974; Aspect et
al., 1981; Zeilinger, 1999). We also omit the formalism of
Quantum  Mechanics (QM) the subsequent
philosophical issues as irrelevant for our purpose.

interest related

and

We just focus on the settling topic raised by the
opponents of the non-locality in QM (Einstein et al., 1935)
in an oversimplified form: is it possible a local causality
between two distant particles detected simultaneously?

In the standard four-dimensional universe (4D) the
answer is no; in fact, according to the Special Relativity
(SR), the space distance between two particles at the same
time of measurement results in a “spacelike” interval
(ds? < 0), preventing any mutual communication.

The assumption of a multidimensional time (acronym
MDT) is aimed at restoring the local causality is such
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situation; namely, extra-time dimensions could keep a
“timelike” interval (ds? > 0) albeit the particles are far
apart from each other. Temporal hidden variables could
lead to the further conclusion of a “null” interval (ds? =
0), i.e., the particles never actually separate.

Time is commonly considered monodimensional, but if
its dimensionality should be proved greater than one, it
would supply a deterministic description of the particles’
entanglement (E=MDT).

Even Schrodinger’s equation should be reformulated in
MDT, confirming Einstein’s claim of incompleteness
about the wavefunction in QM.

The main candidate as MDT is the three-dimensional
time in a 6D manifold, whose SO(3,3) symmetry has been
widely explored (Bonacci, 1991-2018; Chen, 2005;
Chester et al., 2020; Muchow, 2020; Rakotonirina, 2022).

An auxiliary consequence of a MDT is the backward
causation which is the principal tool of the constrained
retrocausal  collider bias, another deterministic
interpretation of quantum entanglement (E=CCC) that
rejects the statistical independence of the measurement

outcomes (Price & Wharton 2021, 2023).
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Although written for a general audience, this paper
recalls some strong notions of SR and requires a basic
knowledge of QM (Bonacci, 2020).

2. Dealing with the locality of interactions

We summarize the Principle of Locality from SR,
focusing on the light cone of a spacetime event as derived
by Hermann Minkowski (1907). Then we suggest the
hypothesis of the multidimensional time (MDT) as a
straightforward way to extend the local causality in
regions forbidden by 4D superluminal constraints.

2.1 The light cone in Minkowskis 4D spacetime

The Minkowski’s four-dimensional interval, between
two spacetime events, is invariant in any inertial reference
frames: ds? = c?dt? — dx? — dy? — dz?. The invariant
interval is timelike (ds? > 0) if v < ¢, null (ds? = 0) if
v = c, or spacelike (ds? < 0) if v > c.

Figure 1. Representation of the standard light cone of S.

Spacelike separated events are causally disconnected.
Only timelike or lightlike separated events can be causally
related (ds? = 0).
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The light cone c?t? = x? + y* + z? associated to an
event S (Fig. 1) consists of two parts: forward (¢t > 0) and
backward (t < 0). The event S can influence A (forward)
and could be influenced by R (backward) because A and
R lie in the interior or on the surface of the light cone.

The events B and Q are causally disconnected from S
for they lie outside the light cone, elsewhere in the
“spacelike” region. An eventual interaction among these
events would require a signal at velocity v > c.

2.2 Restoring the local causality via MDT

How could we bring the event B in the causal future of
S and the event Q in the causal past of S?

We should enlarge the light cone (Fig. 2), reducing the
“spacelike” region, by adding at least a time coordinate
in the light-cone’s equation as follows:

(1) c?t? + c?t?2 =x? +y? + 22

We are assuming a multidimensional time (MDT)

instead of the standard 1-dimensional t.

Figure 2. Representation of the enlarged light cone of S.
2.3 Plausible features of the MDT

A valid framework for the MDT is a 6D spacetime
where an event E(x,y,z,t,t,0) ischaracterized by three
spacelike S(x,y,z) and three timelike T(t,7,0)
dimensions (Bonacci, 1991-2018; Chen, 2005; Chester et
al., 2020; Muchow, 2020; Rakotonirina, 2022).
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The coordinate invariance for topological reasons
(At = A6 = 0) could macroscopically hide two temporal
dimensions out of three, letting us perceive time passing
onlyas t (Bonacci, 2022a, 2022b, 2022c¢); the time extra-
dimensions 7,6 would show up when particles are tested
at quantum level.

Therefore, two 6D events involved in Bell experiments
E1(x1, Y1, 21, 81,71, 01) E3(x2,¥2, 22, 3, T2, 03)
could have 7, #7, and 6; # 8, and their interval

and

would be much more time-oriented than in 4D:

(2) As? = c2At? + c?At? + c2A0? — Ax? — Ay? — Az?
The stunning conclusion is that spatially distant events

in 6D (Ax? + Ay? + Az% > 0) could be considered “not

separated” ( As?=0) if there is enough time to

compensate the space between them, as follows:

(3) c2At? + c?At? + c2A8%=Ax? + Ay? + Az?

2.4 Problems and opportunities about the MDT

A multi-dimensional time could bridge the chasm
between Relativity and Quantum Physics starting from the
local interpretation of the entanglement (E=MDT).

REMOVING THE STATISTICAL INDEPENDENCE

RETROCAUSALITY

RESTORING THE LOCAL CAUSALITY

Figure 3. Link between E=MDT and E=CCC.
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Despite its huge potential, the MDT is still a niche
conjecture for being associated to paradoxical phenomena
such as the symmetry of causation along timelike curves.

Nevertheless, a novel idea of entanglement, known as
Connection across Constrained Colliders (CCC), is based
on retrocausality (Price & Wharton 2021, 2023).

Both the approaches E=MDT and E=CCC reevaluate
the role of time in physical description (Fig. 3).

3. Testing Bell-type inequalities

Let us consider the photon pair A&B emitted from a
single quantum event S, defined by a wavefunction,
towards opposite detectors (Fig. 4). Each photon crosses a
two-channel polarizer whose orientation can be set by the
experimenter also during the flight of A and B.

The photons are in a superposition of linear polarized
states until the polarization measurement collapses the
wavefunction into one state (vertical or horizontal).

The measurement outcomes are sent to a monitor
counting the number of coincidences; a result greater than
two infringes the CHSH inequality (Aspect et al., 1981)
confirming the quantum correlation between A and B.

A S B

@ x o
(Xa;tm) <@m (Xo; to) =P (Xa:tu)

Figure 4. Polarization-entangled photons in 4D.

3.1 The non-locality in 4D

In any deterministic mechanism, reproducing the
measurement outcomes, the setting of one measuring
device would influence the reading of the other
instrument, however remote, through a signal propagating
instantaneously (Bell, 1964).

In the accepted four-dimension universe it is impossible
because, at the time of measurement t,,, between A and
B there is a “spacelike” interval:

As? = c%(t,, — t,)? — (xg — x4)? = —Ax% < 0.
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It hinders any interaction between the particles since the
backward cones of A and B do not overlap (Fig. 5).

TIME

Future

®

t=0

# SPACE

Past

Figure 5. Backward light cones not overlapping in 4D.
3.2 Restoring the locality via MDT

From the Eq.1, we know that an extra-dimension t
could keep the interval “timelike” though A and B are
spatially distant (Fig. 6):

As? = c%(t5 — 14)% — (x5 — x4)% = At? — Ax? > 0.

& * @
(Xa;Ta) <€ (Xo;To) WP (X5, Ts)

Figure 6. Polarization-entangled photons with MDT.

Since As? >0 means Ax/At <c¢ (a subluminal
velocity), the local causality would be restored (Fig. 7).
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@
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Figure 7. Backward light cones overlapping with MDT.
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3.3 An inseparable pair?

The time extra-dimension 7 (Eq.1) could lead to the
further conclusion of a “null” interval, i.e., A and B do not
separate albeit they are far apart from each other:

As? = c?(tg —14)% — (xg —x4)? = A2 — Ax? =0

Anyway, since As? =0 implies Ax/At = c, there
likely exists another temporal hidden variable 6 (Eq.2)
increasing the total time T up to a subluminal speed
Ax /AT < c¢. This is an additional reason to credit the
three-dimensional time T(t,7,8) as MDT (Eq. 3).

3.4 Two proposals similar, but not identical

As clarified in Paragraph 2.4, our deterministic
approach (E=MDT) and the one from Price & Wharton
(E=CCC) are siblings but not twins.

Firstly, A and B may influence each other:

o directly in E=MDT, overlapping backward light cones;
e indirectly in E=CCC, via a biased past collider.

Secondly, the temporal causal symmetry of E=CCC
does not necessarily need the MDT, being compatible
with the ordinary time (Costa de Beauregard, 1976).

4. Conclusions

Einstein’s dream of an objective Quantum Mechanics
could benefit from a hypothetical Multidimensional Time
(MDT) restoring the local causality to an entangled pair
of particles subject to Bell-type constraints.

The MDT would allow spatially distant events to be in
the same timelike region (ds? > 0) avoiding the 4D
superluminal communication.

Consistent with the 6D spacetime on SO(3,3)-group
supported by several scholars, the MDT would provide a
deterministic correlation for the particles (E=MDT).

Two hidden temporal extra-dimensions would put us in
an ultrahyperbolic manifold where the events are
described by three spacelike S(x,y,z) and three timelike
T(t,7,0) foratotal of six dimensions E(x,y,2z,t,1,80).

The MDT includes also timelike curves where an effect
can precede its cause (retrocausality), which is the key to
a recent explanation of quantum entanglement violating
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the independence of measurements through a past-collider
bias. Proposed by Price & Wharton (2023), it would be a
connection across constrained colliders (E=CCC).

Thus the MDT, an entity whose falsification relies on
spotting the exact dimensionality of time (whether greater
than one), would shake both the pillars of Bell’s theorem:
the local causality and the statistical independence.

Remarks

The light cone used in the Figures 1 and 2 is available
under the Creative Commons CCO Universal Public
Domain Dedication.

Acknowledgments

We wish to thank the anonymous Referees and the
Editor for their valuable comments and suggestions,
which significantly improved our manuscript.

References

Aspect, A., Grangier, P., & Roger, G. (1981). Experimental tests
of realistic local theories via Bell’s Theorem. Physical
Review Letters, A47: 460-463.
https://doi.org/10.1103/PhysRevL ett.47.460

Bell, J., S. (1964). On the Einstein-Podolsky-Rosen paradox.
Physics Physique Fizika, 1: 195-200.
https://doi.org/10.1103/PhysicsPhysiqueFizika.1.195

Bonacci, E. (1991, July 22 — August 16). On the Principle of
Reciprocity in Physics [Contest presentation]. Summer
School at King’s College Cambridge (United Kingdom).
https://doi.org/10.13140/RG.2.2.26989.79844

Bonacci, E. (2006). General Relativity Extension. Turin: Carta e
Penna. ISBN=9788889209486.

Bonacci, E. (2007a, Sept. 24-29). Estensione della Relativita di
Einstein. [Conference presentation]. 93rd congress of
the Italian Physical Society (XCIIlI SIF), Pisa.
Abstract: https://doi.org/10.13140/RG.2.2.22582.29763
Video: https://doi.org/10.13140/RG.2.1.2686.0889

Bonacci, E. (2007b). Estensione della relativita di Einstein
(ltalian), volume 42 of Physical Sciences. Rome: Aracne
Editrice. ISBN=9788854814486.

Bonacci, E. (2008a). Beyond Relativity, vol. 43 of Phys. Sc.
Rome: Aracne Editrice. ISBN=9788854814844.

14

Bonacci, E. (2008b, Sept. 22-25). Beyond Relativity.
[Conference presentation]. 18th conference of the Italian
Society of General Relativity and Gravitational Physics,
Cosenza. https://doi.org/10.13140/RG.2.2.16118.40005

Bonacci, E. (2009, Sept. 28 — Oct. 3). Can time be three-
dimensional? [Conference presentation]. 95th Congress
of the Italian Physical Society (XCV SIF), Bari.
Abstract: https://doi.org/10.13140/RG.2.2.26253.54243
Video: https://doi.org/10.13140/RG.2.1.4513.7368

Bonacci, E. (2015). Hypothetical six-dimensional reference
frames. International Journal of Mathematical Sciences
and Applications, 5(2): 493-502.

Bonacci, E. (2018, May 30 — June 4). Algebraic and geometric
questions about a 6D physics [Conference presentation].
International scientific online conference Algebraic and
Geometric Methods of Analysis (AGMA 2018), Odesa,
Ukraine. https://doi.org/10.13140/RG.2.2.13877.17129

Bonacci, E. (2020). On Teaching Quantum Physics at High
School. Athens Journal of Education, 7(3): 313-330.
https://doi.org/10.30958/aje.7-3-5

Bonacci, E. (2022a, May 24-27). Topological issues about the
6D ISST in Physics [Conference presentation].
International scientific online conference Algebraic and
Geometric Methods of Analysis (AGMA 2022), Odesa,
Ukraine. https://doi.org/10.13140/RG.2.2.22156.18560
Video: www.youtube.com/watch?v=hmjbu93vr_M

Bonacci, E. (2022b). The Inherently Spinning Spacetime in 6D.
International Journal of Mathematical Sciences and
Applications, 12(1): 1-6.

Bonacci, E. (2022c¢, Sept. 12-16). Hypothetical six-dimensional
topology [Conference presentation]. 108th Congress of
the Italian Physical Society (CVIII SIF), Milan.
https://doi.org/10.13140/RG.2.2.26180.50563

Chen, X. (2005). Three Dimensional Time Theory: to Unify the
Principles of Basic Quantum Physics and Relativity.
https://doi.org/10.48550/arXiv.quant-ph/0510010

Chester, D., Rios, M., & Marrani, A. (2020). Beyond the
standard model with six-dimensional spacetime.
https://doi.org/10.48550/arXiv.2002.02391

Clauser, J., F., & Horne, M., A. (1974). Experimental
consequences of objective local theories. Physical
Review D, 10(2): 526-535.
https://doi.org/10.1103/PhysRevD.10.526

Costa de Beauregard, O. (1976). Time symmetry and
interpretation of quantum mechanics. Foundations of
Physics, 6: 539-559.

https://doi.org/10.1007/BF00715107



https://doi.org/10.1103/PhysRevLett.47.460
https://doi.org/10.1103/PhysicsPhysiqueFizika.1.195
https://doi.org/10.13140/RG.2.2.26989.79844
https://doi.org/10.13140/RG.2.2.22582.29763
https://doi.org/10.13140/RG.2.1.2686.0889
https://doi.org/10.13140/RG.2.2.16118.40005
https://doi.org/10.13140/RG.2.2.26253.54243
https://doi.org/10.13140/RG.2.1.4513.7368
https://doi.org/10.13140/RG.2.2.13877.17129
https://doi.org/10.30958/aje.7-3-5
https://doi.org/10.13140/RG.2.2.22156.18560
http://www.youtube.com/watch?v=hmjbu93vr_M
https://doi.org/10.13140/RG.2.2.26180.50563
https://doi.org/10.48550/arXiv.quant-ph/0510010
https://doi.org/10.48550/arXiv.2002.02391
https://doi.org/10.1103/PhysRevD.10.526
https://doi.org/10.1007/BF00715107

Quantum entanglement from Multidimensional Time

Einstein, A., Podolsky, B., & Rosen, N. (1935). Can quantum-
mechanical description of physical reality be considered
complete?  Physical  Review, 47:  770-780.
https://doi.org/10.1103/PhysRev.47.777

Minkowski, H. (1907, published posthumously in 1915). Das
Relativitatsprinzip. Annalen der Physik, 352(15): 927—
938. https://doi.org/10.1002/andp.19153521505

Muchow, G. (2020). Is the Dimension Time Three-Directional?
International Journal of Trend in Scientific Research
and Development, 4(5): 514-522. ID=IJTSRD31808.

Price, H., & Wharton, K. (2021). Entanglement swapping and
action at a distance. Foundations of Physics, 51: Art.
105. https://doi.org/10.1007/s10701-021-00511-3

Price, H., & Wharton, K. (2023). Why entanglement?
arXiv:2212.06986v3  [quant-ph] 11 Jan 2023.
https://doi.org/10.48550/arXiv.2212.06986

Rakotonirina, C. (2022). Energy Vector and Time Vector in the
Dirac Theory. Physical Science International Journal,
26(4): 52-62. Article No. PS1J.90853.
https://doi.org/10.9734/PS13/2022/v26i430320

Zeilinger, A. (1999). Experiment and the foundations of
quantum physics. Reviews of Modern Physics, 71: S288—
S297. https://doi.org/10.1103/RevModPhys.71.5288

15


https://doi.org/10.1103/PhysRev.47.777
https://doi.org/10.1002/andp.19153521505
https://doi.org/10.1007/s10701-021-00511-3
https://doi.org/10.48550/arXiv.2212.06986
https://doi.org/10.9734/PSIJ/2022/v26i430320
https://doi.org/10.1103/RevModPhys.71.S288

