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Abstract

This paper proposes a physical origin for quantum time asymmetry and CPT vio-
lation based on directional dynamics of defect propagation in the Holosphere lattice.
Unlike standard quantum field theories, which treat time reversal as a mathemati-
cal symmetry unless explicitly broken by interaction terms, the Holosphere framework
models spacetime as a discrete network of spinning spheres whose defect motions define
causal flow. We argue that time asymmetry arises from directional tension gradients,
which bias defect transport and angular coherence in a preferred temporal direction.
This directional strain also affects charge-parity transformations, leading to emergent
CPT asymmetry at mesoscopic scales. We develop a lattice-based formulation of tem-
poral directionality, derive testable consequences for particle decay rates and entan-
glement entropy, and suggest possible observational signatures in kaon and neutrino
systems.

1 Introduction

One of the most profound puzzles in modern physics is the origin of the arrow of time.
While the fundamental equations of quantum mechanics and classical physics are time-
reversal symmetric, the observable universe exhibits unmistakable asymmetries: entropy
increases, particles decay, and causality flows in a single direction. In particle physics, CPT
symmetry—the combined transformation of charge conjugation (C), parity inversion (P),
and time reversal (T)—is generally assumed to be inviolable. Yet subtle violations have
been observed in systems such as neutral kaons and neutrinos, raising questions about the
completeness of this principle.

Standard quantum field theory attributes time-reversal symmetry breaking either to ex-
plicit symmetry-breaking terms in the Lagrangian or to statistical thermodynamic arguments
at macroscopic scales. These explanations, while mathematically sufficient, do not provide
a physical substrate for the emergence of time directionality.

In this paper, we propose that time asymmetry and CPT violation arise naturally from
directional defect dynamics in a discrete lattice structure of spacetime. Within the Holo-
sphere model—a framework in which space and time are built from a recursive packing of
spinning spheres—information, momentum, and coherence propagate through phase-locked
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interactions of localized defects. These defects move along paths of least angular strain, and
we argue that in the presence of directional tension gradients, this motion becomes inherently
biased.

We suggest that the arrow of time corresponds to the net flux of coherent defect motion
across the lattice, driven by angular strain asymmetries. These gradients may be seeded
cosmologically or emerge from vacuum topology. In either case, they produce a preferred
temporal direction for causal evolution.

Furthermore, because charge and parity are tied to angular handedness and orbital con-
figuration in the Holosphere framework, any directional bias in phase propagation will also
influence C and P transformations. This leads to a mechanism for emergent CPT asym-
metry—not as a fundamental violation, but as a structural consequence of the lattice’s
directional strain geometry.

This paper formalizes this hypothesis, derives a directional defect current equation, and
proposes observational signatures that may already be visible in decay asymmetries and
neutrino oscillations. We conclude by outlining a unified framework for time, charge, and
causality as emergent from the same coherence-driven lattice substrate.

2 Time Reversal and CPT in Quantum Field Theory

In conventional quantum field theory, the fundamental laws are invariant under the combined
operations of charge conjugation (C), parity inversion (P), and time reversal (T). The CPT
theorem guarantees that any Lorentz-invariant, local quantum field theory must conserve
the combined CPT symmetry, even if each individual component—C, P, or T—is violated
independently. This result, originally proven by Lüders in 1957 [1], forms a foundational
constraint on relativistic quantum field theories.

Experimental results confirm that C and P symmetries are not individually conserved.
The discovery of parity violation in weak interactions, and subsequently CP violation in
neutral kaon systems, revealed the limitations of earlier symmetry assumptions. The first
empirical confirmation came from kaon decay experiments, where CP violation was clearly
observed [2]. However, CPT symmetry has remained a cornerstone of field-theoretic consis-
tency. It is widely assumed to hold at all energy scales, and deviations from CPT invariance
are often taken as indicators of physics beyond the Standard Model.

Time reversal (T) symmetry in particular has an ambiguous status. At the level of the
Schrödinger equation or the Dirac field, the mathematical formalism allows time reversal if
one appropriately transforms both the state and its complex conjugate. But physically, time
asymmetry appears in processes such as radioactive decay, entropy increase, and entangle-
ment decoherence—none of which reverse under time inversion.

More precisely, while the microscopic laws are symmetric under T, the solutions to those
laws are not. This discrepancy is usually resolved by appealing to initial conditions or
statistical arguments. The thermodynamic arrow of time, for example, is attributed to a
low-entropy beginning. However, this approach leaves unanswered why the initial state was
asymmetric in the first place.

Recent anomalies in neutrino oscillation patterns and precision kaon decay experiments
suggest that CPT symmetry might not be exact. Some models have explored decoherence-
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induced CPT violation in neutrino systems, such as those proposed in [3]. These violations
are typically interpreted within effective field theories, often involving higher-dimension op-
erators or Lorentz-violating terms.

In all these cases, the framework assumes a continuous, smooth spacetime with no in-
trinsic directionality. The possibility that time asymmetry and CPT violations arise from
discrete, directional microstructure has been largely unexplored.

In contrast, the Holosphere model posits that time, space, and charge emerge from co-
herent angular dynamics in a rotating lattice. Within this framework, defect propagation
is not inherently reversible, especially when driven by strain gradients or anisotropic lat-
tice tension. This opens the possibility that observed violations are not fundamental, but
structural—emerging from the orientation-dependent pathways through which defects and
information flow.

3 Directional Defect Dynamics in the Holosphere Lat-

tice

In the Holosphere model, spacetime is not a smooth continuum but a discrete lattice com-
posed of tightly packed, spinning spheres. These spheres—Holospheres—form a recursively
enspun structure with cuboctahedral symmetry and quantized angular momentum. Within
this lattice, physical phenomena such as mass, charge, and spin emerge from localized defects
in the packing geometry and their orbital configurations.

Vacancy defects—regions where a Holosphere is missing or phase-disrupted—act as in-
formation carriers. These defects propagate through the lattice via coherence-preserving
hopping between adjacent units, a process analogous to tunneling in quantum systems or
tight-binding dynamics in solid-state physics. The dynamics of such defect motion were
previously described in the context of quantum coherence propagation [4]. Importantly, the
direction and stability of this motion depend on the angular strain field in the surrounding
lattice.

Each defect resides in a locally defined phase environment, influenced by the rotation,
alignment, and tension of neighboring Holospheres. When an angular strain gradient ex-
ists—such as might be caused by mass-energy concentrations or large-scale lattice curva-
ture—this gradient induces a directional bias in defect propagation. The lattice becomes
anisotropic in its ability to transmit phase information, favoring forward motion along strain-
reducing paths.

This breaks the microscopic time-reversal symmetry usually assumed in field theory.
Whereas standard quantum mechanics allows forward and backward evolution under the
same rules, directional tension in the Holosphere lattice skews the probability amplitudes
for defect transitions. As a result, certain transitions become energetically or topologically
favored, leading to an emergent arrow of time.

This mechanism is not imposed externally; it arises from the internal geometry and
coherence structure of the lattice. Just as thermal gradients induce macroscopic flows in
a material, angular strain gradients induce directional coherence currents. These currents
manifest as biased defect flows—macroscopically perceived as irreversible processes such as
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decay, radiation emission, or entropy increase.
Furthermore, this directional bias is inherently local. Unlike cosmological arguments

for a universal time asymmetry, the Holosphere model allows time’s arrow to vary spatially
depending on defect density, coherence strain, and curvature. This suggests that microscopic
systems might exhibit local CPT-violating behavior in regions of high directional strain, even
if the global lattice remains approximately symmetric.

In the next section, we formalize this behavior by deriving the lattice-based expression
for temporal directionality from angular phase gradients and defect flux asymmetry.

4 Deriving Time Asymmetry from Lattice Strain Bias

To formalize the emergence of time asymmetry in the Holosphere lattice, we begin by mod-
eling the motion of a vacancy defect as a phase-coherent hopping process between rotational
sites. Each site is defined by the angular orientation of its host Holosphere, and the transition
rate between neighboring sites is modulated by local phase alignment and strain energy.

Let ϕi be the angular phase of Holosphere i, and define the phase gradient between
neighboring sites i and j as:

∇ϕij = ϕj − ϕi

The probability amplitude for a defect to propagate from i → j depends on the coherence-
preserving tunneling function T (∇ϕij), which we assume to be asymmetric under reversal
when strain gradients are present:

Ti→j = T0 · e−α|∇ϕij |+β(∇σij)

Note that ∇σij is a signed quantity representing the directional angular strain across the
bond from site i to site j. This strain gradient acts as a driving term that favors coherence
propagation along strain-reducing paths. Because the exponential factor β∇σij enhances
forward propagation while suppressing the reverse (∇σji = −∇σij), it introduces an explicit
asymmetry in the tunneling amplitude:

Tj→i = T0 · e−α|∇ϕji|−β(∇σij)

This asymmetry breaks microscopic time-reversal symmetry by making the forward and
backward coherence transitions energetically inequivalent. As a result, directional defect flux
naturally emerges, leading to a local arrow of time.

Here: - α controls the decay of coherence with phase mismatch, - β scales the influence
of local strain gradient ∇σij, - ∇σij is the angular tension gradient across the bond.

The total net defect flux Jt in a given direction is then:

Jt =
∑
⟨i,j⟩

(Ti→j − Tj→i)

In a strain-free, isotropic lattice, this net flux vanishes and time-reversal symmetry is pre-
served. However, in the presence of a persistent strain gradient ∇σ, the hopping asymmetry
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yields a non-zero Jt, which defines a preferred direction of coherence propagation—i.e., a
microscopic arrow of time.

We define the local temporal asymmetry field T (x) as the divergence of this coherence
flux: This builds upon earlier work that modeled time dilation as a result of coherence
gradients in a rotating lattice [5].

T (x) = ∇ · Jt(x)
Regions with T (x) > 0 experience net forward coherence flow and irreversible dynamics.

In contrast, regions with T (x) ≈ 0 exhibit approximate time-reversal symmetry.
This expression provides a physical origin for entropy growth, decay asymmetries, and co-

herence loss in quantum systems—not as statistical outcomes, but as geometric consequences
of strain in a rotating lattice.

Moreover, since ∇σ can vary spatially and dynamically, the model allows for localized
pockets of reversed or suppressed time asymmetry, potentially explaining anomalous coher-
ence in condensed matter, cosmological voids, or exotic astrophysical systems.

In the next section, we show how this same strain-induced bias affects charge-parity
transformations, yielding emergent CPT violation under directional tension.

5 CPT Violation from Asymmetric Coherence Propa-

gation

Within the Holosphere lattice framework, charge, parity, and time are not abstract symme-
tries imposed on fields, but physical manifestations of how defects propagate, rotate, and
interact within a discrete, angularly structured medium. As such, when coherence propaga-
tion becomes directionally biased due to strain gradients, these symmetries can be locally
and effectively violated—not by modifying fundamental equations, but by the geometry of
information flow.

5.1 Angular Handedness and Charge-Parity Symmetry

In the Holosphere model, electric charge is derived from the chirality (rotational handedness)
of orbital motion around vacancy defects. A left-handed orbital loop corresponds to one
sign of charge (e.g., electron), while a right-handed loop corresponds to the opposite (e.g.,
positron). Parity inversion P flips spatial orientation, and charge conjugation C reverses the
sign of angular chirality.

If the lattice is symmetric and unstrained, the propagation of these handed states is
equally probable. However, a persistent angular strain gradient ∇σ biases the propagation
of one handedness over the other. This introduces an effective asymmetry between matter
and antimatter states, even in the absence of explicit field-theoretic CP violation.

5.2 Time Reversal and Coherence Phase

Time reversal in this framework corresponds to the reversal of coherence phase flow across
the lattice. If angular strain biases forward propagation of phase-aligned defects, then time-

5



reversed propagation (coherent reversal) becomes less probable, or decoheres faster. This
gives rise to an emergent asymmetry under T alone, which, when coupled to biased C and
P behavior, leads to observable deviations from CPT invariance.

5.3 Emergent CPT Asymmetry from Lattice Dynamics

The combined symmetry of CPT requires that the reversal of charge, parity, and time returns
the system to an equivalent physical state. In the Holosphere model, this would require
reversing defect flow direction, handedness of orbital phase, and angular strain direction.
However, if the lattice geometry contains persistent tension gradients—whether cosmological,
gravitational, or topologically frozen—then CPT reversal does not return the system to its
original coherence dynamics.

This CPT asymmetry is not fundamental in the algebraic sense—it arises from a mis-
match in propagation conditions, not from broken operators. But its consequences are
real: decay lifetimes, oscillation probabilities, and scattering amplitudes become direction-
dependent when measured across strained regions of the lattice.

This framework offers a natural explanation for observed CP and potential CPT violations
in kaon systems, B-mesons, and neutrino oscillations. These particles, being sensitive to
phase coherence and often existing in entangled states, act as probes of underlying directional
lattice bias.

In the next section, we outline specific predictions and experimental systems where such
asymmetries may be testable.

6 Testable Predictions

The directional defect dynamics of the Holosphere lattice suggest a range of falsifiable predic-
tions. If time asymmetry and CPT violation arise from angular strain gradients in a discrete
spacetime lattice, then their observational consequences should correlate with coherence,
strain, and propagation geometry in specific quantum systems.

6.1 Kaon and B-Meson Systems

Neutral kaons and B-mesons exhibit well-documented CP violation and are prime candidates
for detecting CPT asymmetries. In the Holosphere model, these effects are not due to explicit
field terms, but to differential coherence propagation between particle and antiparticle states
under angular strain. Predictions include:

• Direction-dependent decay asymmetries correlated with external fields or motion through
high-strain regions.

• Small deviations in CPT-symmetric observables when particles are prepared in rota-
tionally biased lattices (e.g., rotating frame experiments).
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6.2 Neutrino Oscillations and Entanglement Coherence

Neutrinos, due to their extremely low mass and long-range coherence, are sensitive probes
of lattice-scale asymmetries. The Holosphere model predicts:

• Directional dependence in neutrino flavor oscillation rates due to alignment with cosmic
lattice strain axes.

• Enhanced decoherence for antineutrino propagation in strained media, leading to mea-
surable CPT-odd effects in long-baseline experiments.

6.3 Quantum Optics and BEC Interferometry

These phenomena offer experimental avenues to probe the physical structure of time, beyond
the reach of conventional quantum field theory. Macroscopic quantum states—especially
Bose-Einstein condensates and entangled photons—can be used to probe local time asym-
metry.

• Phase-shift asymmetries in bidirectional light paths subjected to angular strain (e.g.,
Sagnac-type interferometry).

• Asymmetric decoherence rates for entangled photon pairs transmitted in opposite di-
rections across rotationally strained media.

6.4 Gravitational Environments and Astrophysical Observables

If large-scale mass distributions seed lattice strain gradients, then gravitational fields should
modulate coherence propagation.

• Slight anisotropies in atomic clock behavior around rotating massive bodies.

• Directional entropy gradients in black hole Hawking radiation spectra.

These predictions differ from standard CPT violation frameworks by being tied not to
high-energy extensions or nonlocal operators, but to geometric strain in a discrete physical
medium. Their verification would not only test the Holosphere lattice model, but also provide
a new approach to probing the microstructure of spacetime.

In the concluding section, we summarize the broader implications of this approach for
time, causality, and unification.

7 Conclusion

We have proposed that quantum time asymmetry and CPT violation may not originate
from explicit symmetry-breaking terms in fundamental equations, but instead emerge from
directional strain in a discrete, rotational spacetime lattice. In the Holosphere model, defects
propagate through a structured medium of spinning spheres, and their behavior depends
critically on angular phase coherence and tension gradients.
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By modeling time as a measure of coherence propagation and defect flow, we showed
how local strain in the lattice naturally produces an arrow of time. This bias in propa-
gation—absent in ideal isotropic lattices—becomes amplified in the presence of curvature,
mass-energy distributions, or topological anisotropies. It manifests as asymmetries in decay,
decoherence, and entanglement dynamics.

CPT violation, in this framework, is not a breakdown of algebraic invariance, but a
structural consequence of asymmetrically strained coherence channels. Chirality, charge, and
phase become entangled with directional propagation, allowing matter-antimatter asymme-
tries and time-reversal violations to emerge from lattice geometry rather than Lagrangian
terms.

This model predicts specific, testable deviations in high-precision systems such as kaon
and B-meson decays, neutrino oscillations, quantum interferometers, and rotating frame
experiments. It also provides a new ontological framework in which time, causality, and
charge are unified through defect transport in a physically meaningful substrate.

By embedding temporal directionality in the discrete mechanics of a coherent lattice, the
Holosphere model not only resolves the origin of the arrow of time, but connects it with
entropy production, coherence loss, and the structure of space itself. Future work will ex-
plore how this framework interfaces with cosmological boundary conditions, thermodynamic
asymmetry, and black hole information flow.
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Appendix A: Definitions of Terms and Symbols

ϕi Angular phase of Holosphere i.

∇ϕij Phase gradient between Holospheres i and j.

σ Angular strain—tension in the rotational alignment of the lattice.

∇σ Strain gradient—directional bias in angular tension.
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Ti→j Coherence-based tunneling amplitude for defect propagation from site i to j.

Jt Net temporal defect flux—bias in directional coherence propagation.

T (x) Local time asymmetry field—divergence of coherence flux at position x.

Holosphere A fundamental rotating unit in the discrete lattice of space; hosts phase, angular
momentum, and coherence.

Vacancy Defect A localized discontinuity in the lattice (e.g., a missing Holosphere) that propagates
phase and momentum.

Chirality The handedness (left/right) of orbital rotation defining electric charge and parity.

CPT Symmetry Combined invariance under charge conjugation (C), parity inversion (P), and time
reversal (T).
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