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Abstract

A CPT Model with Implications for Causality in the Setting of Maxwell’s Equations and
for Uniting Quantum Mechanics and General Relativity

A modelis presented that unifies the core principles of the Charge Conjugation, Parity, and
Time-Reversal (CPT) theorem within a single conceptual framework. Additionally, the
model integrates the time-symmetric structure of CPT invariance with the asymmetric
thermodynamic arrow of time. It emphasizes that the time component of CPT encodes
formal symmetry operations and not causal mechanisms at macroscopic scales.
Concepts from the model are extended to the retarded (forward-in-time) and advanced
(backward-in-time) wave solutions of Maxwell’s equations for electromagnetism. They
show that the temporal symmetry between these waves reflects the time-symmetric
structure of CPT invariance. And as such, it is likely that the wave solutions do not directly
encode macroscopic causal activity. This aligns with Maxwell’s equations, which are not
inherently causal, but which are typically interpreted in causal terms in established
practice. This also has direct implications regarding the ontological status of advanced
waves. The CPT model is further extended to the settings of quantum mechanics and
general relativity, where it appears to offer a small advance toward their integration.

Keywords: Charge Conjugation, Parity, Time Reversal; CPT; Maxwell’s equations;
electromagnetism; quantum mechanics; general relativity

Introduction
Time symmetry is an important concept in physics, where some fundamental physical laws
are invariant under time-reversal conditions. However, discussions about time symmetry
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are often adjusted to be consistent with matters of causality—in which cause always
precedes effect. In classical electrodynamics, Maxwell’s equations involve wave solutions
in which half propagate forward in time (retarded waves) and half propagate backward in
time (advanced waves). Although both types of solutions are mathematically valid,
conventional practice typically privileges retarded waves, as they are considered to be
consistent with matters of causality. Advanced wave solutions, which imply retrocausal
activity, are often dismissed as unphysical.

Presented below is a model that unifies the key symmetry principles of the Charge
Conjugation, Parity, and Time-Reversal (CPT) theorem within a single conceptual
framework. The model also integrates the time-symmetric structure of CPT invariance with
the asymmetric entropy-driven arrow of time. Concepts from the framework are extended
to the retarded and advanced wave solutions of Maxwell’s equations, drawing a connection
between the temporal symmetry of the waves and the time-symmetric structure of CPT
invariance, and emphasizing that the temporal aspects of the wave solutions likely do not
encode macroscopic causal outcomes directly. This has a critical impact on the
ontological status of advanced waves.

The model is further extended to concepts concerning the union of quantum mechanics
and general relativity. It appears to offer a degree of advancement toward their integration.

The CPT Model

The psychological and thermodynamic arrow of time is rooted in the concept of entropy,
linked to such one-way phenomena as the metabolism of food and fading of paint. These
processes disrupt time symmetry, giving rise to the sense of cause preceding effect.
However, viewing the electron in a point-like state, consider one alone, frozen motionless in
space with no other matter or radiation around it. Even in this state, the particle is moving
through time, despite no thermodynamic events associated with it.

According to the CPT theorem, time can be reversed in this scenario (e.g., from clockwise
or forward running to counterclockwise or backward running) and the universe would
operate the same way, as long as the particle is subjected to charge conjugation (i.e.,
transforming it to its antiparticle, the positron), and the spatial dimensions undergo a
reflection transformation (Figure 1) [1-5]:
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Figure 1. In the CPT theorem, a universe based on positrons will work the same way as
one based on electrons as long as the spatial dimensions undergo a reflection
transformation and time is reversed.

The time experienced by the electron and positron in the CPT context— here called “basic
time”—is unrelated to the time of our experience (i.e., entropy-driven thermodynamic
time).[6] However, if the electron in universe A and the positron in universe B in Figure 1
were to oscillate, each would send an electromagnetic wave (e.g., a radio signal) that
would travel away from the emitting particle to some future target, never to reverse its
course. Here, the particles lose energy. Some future target gains energy. And each system
moves toward higher entropy. This emission is related to thermodynamic time, providing a
one-way transmission of energy. It reflects a causal asymmetry in energy transfer despite
the underlying time-reversal symmetry of the CPT framework. As such, both the electron
and positron can behave as a unidirectional, forward-running clock, despite their basic
time running in opposite directions (Figure 2).
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Figure 2. The basic, CPT-related time of an electron runs oppositely to that of a
positron, and each version of time exists despite no thermodynamic events (left). If
the electron and positron were to oscillate, each would emit an electromagnetic wave
in a direction away from the particle to some future target, with the wave transmitting
energy and never reversing its course. In this sense, both the electron and positron
can behave as a unidirectional, forward-running clock.

Modeling concepts from CPT like an electrical circuit involving a battery can help to
visualize these various conditions. In the electrical circuit, electrons flow from the negative
terminal to the positive terminal (oppositely of a conventional current diagram), allowing
the device to emit a signal (e.g., a lamp emitting a burst of light). If positive charges were
instead mobile and flowed from the positive terminal to the negative terminal in the circuit,
the fundamental behavior of electricity would remain the same, such that a signal would
still be sent outward. In modeling CPT like an electrical circuit, space would be in the
battery position, the electron and positron in the position of the device, and time in the
position of the flow of electricity, where time runs clockwise, or forward, for the electron,
and counterclockwise, or backward, for the positron (Figure 3).
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Figure 3. CPT can be modeled like an electrical circuit involving a battery, with space
in the position of the battery, the electron and positron in the position of the device,
and the flow of time in the position of the electrical current. The fundamental nature
of electricity would work the same if positive charges were mobile and electrical
current flowed in the opposite direction. Similarly, a universe based on the positron
system, with its counterclockwise-running time, will work just as well as one based on
the electron system, with its clockwise-running time, given the reflection
transformation of space as well.

Figure 4 shows the same as above but with the electron and positron oscillating, sending
an electromagnetic wave outward. A benefit of modeling CPT in this manner is that it
unifies the time-reversal symmetry of CPT invariance and the asymmetric thermodynamic
arrow of time in one fairly intuitive schematic.



119

120
121

122

123
124

125
126
127
128
129
130
131
132
133
134
135
136

LAY Light emitted
from lamp Electromagnetic
wave emitted
from particle
Clockwise
Clockwise Time
T Current l
X,V,2
—{]+ Battery —
L Light emitted
from lamp Electromagnetic

wave emitted
from particle

Counterclockwise
l T

Counterclockwise Time

l Current T

-X, _YJ -Z

+ Battery —p—

Figure 4. CPT symmetry and thermodynamic temporal asymmetry are co-represented
within a unified model, preserving CPT invariance while also showing entropy-driven
temporal directionality by way of an electromagnetic wave being emitted from the
electron and positron. In the electrical circuit, reversing the direction of the current
from clockwise to counterclockwise would not lead to a burst of light from some
future target traveling backward to the lamp. Similarly, reversing the direction of basic
time for the positron does not lead to the retrocausal outcome of an electromagnetic
wave traveling from some future target back to the emitting particle.

In the electrical circuit, reversing the direction of the current from clockwise to
counterclockwise does not lead to a burst of light from some future target traveling
backward to the lamp—understandably a difficult concept to even contemplate. Whether
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electricity flows from the negative terminal to the positive terminal or vice versa, the same
signal is produced and travels in one direction—away from the light source.

Similarly, reversing the flow of time for the positron does not lead to the retrocausal
outcome of an electromagnetic wave traveling from some future target back to the emitting
particle. Whether time flows forward for the electron or backward for the positron, a signal
is produced and travels in one direction—away from the particle source. The basic time
experienced by the particles has no direct relationship with physical events and therefore
cannot effectuate any physical outcomes—that is, it has no direct impact on causality,
which will continue to occur in accordance with thermodynamic principles, regardless of
which way the basic time flows.

As discussed below, advanced electromagnetic waves, which like positrons also travel
backward through time, are however thought to have retrocausal influences, and thus
advanced wave solutions are typically discarded in analyses as unphysical. This is despite
the fact that causality is not a fundamental aspect of Maxwell’s equations for
electromagnetism. This and other physical phenomena are discussed from the standpoint
of the CPT model, which may provide important insight.

Discussion

The CPT model presented above is in line with established physical principles, including
CPT symmetry and causality, and exhibits no internal contradictions. The modelis also
simple and self-contained, with no free-floating parameters. Despite its simplicity, it may
have utility in helping to advance progress in several areas where there are some ongoing
challenges, namely involving advanced waves in electromagnetism and the union of
quantum mechanics and general relativity.

Time in Electromagnetic Fields

As highlighted above, the basic time experienced by electrons and positrons in the context
of CPT has no direct impact on causality. In Maxwell’s equations for electromagnetism,
which are fundamentally time-symmetric, retarded waves and advanced waves also have
no direct impact on causality. Currently, causality is imposed upon the equations by the
usual choice in standard practice to privilege retarded wave solutions and discard
advanced ones as unphysical, as they seem to be associated with retrocausal influences.

The retarded (ret) wave solutions (privileged) for the scalar and vector potentials using
Green's functions are:
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1 P(T"tr) d3 !
4mey Y |r—r'|

Qoret(r: t) =

(retarded scalar potential)

,'tr !
Aper(1,t) = Z—;fud%‘ (2)

[r—r’|

(retarded vector potential)

where the retarded time is

where,

p(r', t,) is the charge density evaluated at the retarded time

J(r', t,) is the current density evaluated at the retarded time

tis the observation time

t, marks the moment when the retarded field began to propagate forward in time
r—r'is the distance between observation point r and source pointr'

d°r'is the volume element

&p is the vacuum permittivity

Uo is the vacuum permeability

c is the speed of light in a vacuum.

The advanced (adv) wave solutions (typically disregarded) for the scalar and vector
potentials using Green's functions are:

1 p r't
( Ia) d3T’
4TTE |7 =7 |

Paav (7", t) =

(advanced scalar potential)
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(advanced vector potential)

where the advanced time is

t, =t + =" (6)

Cc

where,
p(r’,t,) is the charge density evaluated at the advanced time
J(r', ty) is the current density evaluated at the advanced time

t, marks the moment when the advanced field began to propagate backward in time.

Given that an electromagnetic field can give rise to an electron-positron pair through the
process of pair production, and that Maxwell’s equations for electromagnetism admit both
retarded and advanced wave solutions, it is reasonable to consider that the electron is
connected to the retarded wave component—with each moving forward in time—and that
the positron is connected to the advanced wave component—with each moving backward
in time. That is, the temporal orientation of the particles and the temporal orientation of the
retarded and advanced wave components of the electromagnetic wave that gave rise to the
particles are likely two layers of the same reality (Figure 5).
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Figure 5. Simplified depiction of an electron and positron being produced from an
electromagnetic wave/incident photon through the pair production process. The time
of the particles and the time of the components of the electromagnetic wave that gave
rise to the particles are likely two layers of the same reality. Like the electron, the
retarded wave has forward-running time. Like the positron, the advanced wave has
backward-running time. All elements are considered real in current practice except
the advanced wave, which is assumed to lead to retrocausal activity, and is thus
typically disregarded. The current work suggests that 1) none of the particle or wave
times has causal agency, 2) advanced waves are real, and 3) the symmetry between
the particle pair and wave pair is maintained in nature.

In this sense, as electrons and positrons are both real particles with a basic form of time
that has no direct link to causality, retarded and advanced waves are likely both real waves
with a basic form of time that has no direct link to causality. Again, causality is not a
fundamental feature of Maxwell’s wave solutions. The asymmetry between the particles
and waves in Figure 5 is due only to the human practice of discarding advanced waves as
unphysical because of their apparent connection to retrocausality.

10
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The semblance of advanced waves being associated with retrocausal outcomes is likely
just an artifact of viewing backward-flowing time through the lens of forward-flowing time.
As an example, if an electromagnetic wave from the sun is emitted toward the earth at
12:00 p.m., the retarded wave reaches earth at about 12:08 p.m. From the standpoint of
the advanced wave, the sun’s effect was experienced by earth at 11:52 a.m., 8 minutes
earlier than the emission of the wave. However, in the setting of Maxwell’s equations, it may
be better to reframe the time axis as a bidirectional coordinate system centered on the
causal event, such thattime t=0 (in place of 12:00 p.m.) marks the moment of causal
activation. Negative values to the left represent backward time flow, and positive values to
the right represent forward time flow (Figure 6).

Effect Cause Effect
11:52 a.m. 12:00 p.m. 12:08 p.m. Timeviewed
through retarded
time bias
-8 +8 Reframing of
minutes Counterclockwise, Clockwise, minutes temporal axis

forward-running
time of retarded
wave

backward-running
time of advanced
wave

— — — o

Mirror image upon
axial reframing

Figure 6. A reframing of the time axis measuring the emission of an electromagnetic
wave from the sun to the earth. The time of emission at 12:00 p.m. is set to zero. The
retarded wave travels to earth by 12:08 p.m., which is reframed as positive 8 minutes.
From the standpoint of the advanced wave, the sun’s effect was experienced by earth
at 11:52 a.m., 8 minutes earlier than the emission of the wave, which is reframed as
negative 8 minutes. From the standpoint of the reframing, however, the times simply
represent oppositely running clocks. The retarded wave appears to have a clock that
runs clockwise or forward, while the advanced wave appears to have a clock that runs
counterclockwise or backward, as mirror images of one another. For both the retarded
and advanced wave, cause precedes effect, as shown in the reframing, and each wave
marks the time of the effect simultaneously, just with opposite timestamps based on
the direction of their temporal flow. The apparent 11:52 a.m. effect before the cause at
12:00 p.m. is due to observing the advanced wave’s time from a retarded-time bias.

11
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To assist in this effort, equations (3) and (6) are rearranged as follows:

=]
t=t, +— (7)

(o

observation of retarded wave

[r—r'|
t=t, ——

c

observation of advanced wave

With the emission point (causal event) held fixed, and both t, and t, representing the
source time (as opposed to the observation time of t), then t. = t,, with both having a value
of zero in the reframing. In this context, the retarded wave reaches earth at t = +8 minutes,
representing movement forward in time, while the advanced wave reaches earth at t=-8
minutes, representing movement backward in time. Both are legitimate for telling time and
for putting appropriate timestamps on the events, as long as the direction of the time’s flow
for each case is understood.

This is reflective of the time-reversal transformation within the CPT symmetry framework,

_q!
where %, the light-travel time, is symbolized as t, and where |r — 1’|, the spatial interval,

is symbolized as R and remains unchanged under time reversal:
Tepr rime: (R, ) = (R, —1) (9)

TLight—Travel rime* (R, 7) = (R, —7) (10)

As there are mirror-image flows of time across the CPT framework, there are mirror-image
flows of time across the electromagnetic field.

Viewing the advanced wave’s time as 11:52 a.m., before the 12:00 p.m. emission, is to view
the wave’s time by using a retarded-time bias. The 11:52 a.m. time is not reflecting
retrocausality, just the fact that the clock of the advanced wave is simply rotating
counterclockwise compared to the clock of the retarded wave. The retarded time and
advanced time are each appropriately measuring the intervals between events in their
particular time direction. Thus, for both the retarded and advanced waves, cause precedes
effect.

12
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As already suggested, while the retarded and advanced waves move oppositely through

time, they would move in the same spatial direction, from the sun toward the earth. This is

also similar to the electron and positron during pair production. During this process, the
particles appear as two tracks diverging from a point, but with both generally moving in the

same direction, despite moving oppositely through time (Figure 7).

/\/\/‘\e+

Incident
photon

Spatial direction: Forward

€™ Time direction: Forward, clockwise
Nucleu/

Spatial direction: Forward
Time direction: Backward, counterclockwise

Figure 7. The electron and positron produced through pair production both move
forward in space, with the electron moving forward or clockwise in time, and the

positron moving backward or counterclockwise in time.

Table 1 lists several ways in which the CPT and retarded—-advanced wave symmetries

appear to be manifestations of the same deeper symmetry (Table 1).

Table 1. CPT Symmetry Compared with Retarded-Advanced Wave Symmetry

fundamental aspect
of wave solutions

Feature CPT Symmetry Retarded - Equivalence
Advanced Wave
Symmetry
Time Forward-flowing or | Continuous Both involve
backward-flowing bidirectional oppositely running
time propagation via clocks within the
Green’s functions system
Causality Acausal Causality not a Neither encodes

causal outcomes

Particle/Wave
Counterparts

Particles interpreted
as traveling forward
in time;
antiparticles
interpreted as

Retarded waves
interpreted as
traveling forward in
time; advanced
waves interpreted as

Both involve a
balance between
paired-elements:
particle-
antiparticle,

13
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intime intime advanced wave
Lorentz Invariance | Foundationalto CPT | Preserved by Both are Lorentz
[7] symmetric Green’s invariant

function and wave
equation [8]

All of the above suggests that like the electron and positron are both real, the retarded and
advanced waves are both real. It further suggests that the temporal symmetry between the
waves reflects the time-reversal symmetry of CPT invariance, with the time of the waves, as
with the time of the electron and positron, having no direct impact on causality. As such,
advanced waves would not produce retrocausal outcomes. And this is consistent with
Maxwell’s wave solutions, given that they do not fundamentally involve matters of causality
as well. Thus, the CPT model-inspired treatment of the time of retarded and advanced
waves preserves the symmetry that naturally occurs within Maxwell’s equations and sets
the stage for a more coherent account of electromagnetic interactions within a time-
symmetric framework, which could have important implications for future studies of
electrodynamics.

Motivated in part to better align descriptions of electromagnetic phenomena with
Maxwell’s work, several prior studies, often collectively referred to as direct-action
theories, have sought to place retarded and advanced waves on equal footing to describe
an electromagnetic interaction.[9-12] However, they have various problems and conditions
that make the frameworks largely untenable. The root cause of these issues is likely the
implicit assumption within the studies that retarded and advanced waves have causal
significance individually. This would lead to the development of an array of measures for
addressing non-existing causality-related problems, particularly retrocausality from
advanced waves. This issue and how a time symmetric approach that is still tied to
causality might work in the setting of an electromagnetic interaction are briefly explored in
the appendix.

Privileging retarded waves and disregarding advanced waves, while perhaps generally
useful for some computational purposes, appears to not be the most appropriate
approach at least from a theoretical perspective. And doing so leads to an unusual, and
quite unnatural, asymmetry as shown in Figure 5. Advanced waves likely have just as

14
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important a role in electromagnetic interactions as retarded waves and are likely just as
real.

The practice of disregarding advanced waves as unphysical is very reminiscent of the
practice of disregarding positrons as unphysical in the early 1900s, following Dirac’s
prediction of their existence.[13] Blackett and Occhialini definitively identified the positron
through electron-positron pair creation from gamma rays—in accordance with Dirac's
theory.[14,15] Ernst Stueckelberg and Richard Feynman later interpreted the particle as
moving backward in time at the particle level helping to lay for foundation for the CPT
theorem.[16,17] Much critical information about how the physical universe works would be
currently unknown if positrons were still considered to be unreal and their associated
mathematics disregarded. As such, itis plausible that by treating advanced waves as
unreal now, equally critical information about physical phenomena is being missed today.

Uniting Quantum Mechanics and General Relativity

The information above could also have important implications in efforts to bridge the divide
between quantum mechanics (with the term used here for all quantum theories) and
general relativity. As one example, the propagation of advanced waves through curved
spacetime might not be as challenging as it would be if the waves were causally active
individually. Curved spacetime affects how light and signals travel and would further
complicate matters of causality if advanced waves had causal significance. If individual
advanced waves do not behave as causal agents, this opens the door to further exploration
of the transmission of such waves through curved spacetime.

The information above also has implications for the Wheeler-DeWitt equation, which
emerges within the canonical quantization of general relativity, specifically through the
ADM (Arnowitt-Deser—Misner) formalism. In the ADM approach, the machinery of quantum
mechanics is applied to the classical gravitational field, with the ultimate goal of
constructing a quantum theory of gravity. The Wheeler-DeWitt equation, shown below in
simplified form, eliminates the external time parameter from the quantum description of
spacetime, challenging the conventional notion of temporal evolution in quantum theory
[18,19,20]:

He | y)y=0 (11)

The tension between this timeless structure and our experience of temporal evolution is
known as the “problem of time.” To restore time, it must be reconstructed internally from

15
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within the framework—but it is not immediately clear how this reconstruction should
proceed.

One way to begin evaluating this situation from the standpoint of the CPT modelis to
consider the time emerging from space in the model involving the electron as carrying
vacuum energy toward the particle, to be borrowed by it to create a field of virtual photons,
which allows the particle to engage in an electromagnetic interaction. The time leading
back to space carries energy away from the electron, in essence paying the energy back to
the vacuum. Time is being viewed here as a parameter—in this instance, as a variable that
indexes the evolution of energy flow.

This borrowing and paying back of energy in relation to time evolution is a kind of
visualization of the Heisenberg uncertainty principle, which permits transient, but
unobservable, deviations from energy conservation. The concept of “borrowing energy”
reflects a virtual energy contribution to the system, instantiating no observable excitation
or change in the electron’s properties. The rapid “payback” reflects the energy conservation
that must ultimately be obeyed in any observation (Figure 8) [21]:

AEAt = g (12)

Heisenberg Uncertainty Principle
where,
AE is the range of possible energy values
At is the duration over which the energy is defined or measured

his the reduced Planck’s constant.

+Vacuum Energy

- ™\
—_ L
Clockwise — —
X,V,Z | €
) YJ Time Virtual Photon
— T

—Vacuum Energy

Figure 8. A depiction of the Heisenberg uncertainty principle in the setting of an
extended version of the CPT model, here incorporating a virtual photon. Vacuum
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energy is borrowed by the electron to create a field of virtual photons to drive an
electromagnetic interaction. Simultaneously, energy is paid back to the vacuum, with
both activities occurring through the progression of time—in the figure, the borrowing
and repayment is considered to be occurring by way of time’s fundamental flow. The
borrowed energy never manifests as an observable change in the electron’s state and
the virtual photons themselves have no measurable properties, representing merely a
“priming” of the vacuum (by way of the energy exchange) to activate its capacity to
mediate an electromagnetic interaction between two electrically charged particles.

Notably, the units of energy borrowed and paid back as depicted in Figure 8 are not one and
the same—rather, as one unit of energy is extracted from the vacuum by the particle, a
different unit of energy is lost to the vacuum. Also in the figure, all of the activity is
occurring through the fundamental flow of time—that is, over smaller intervals than the
Planck time of about 104 s, which marks a theoretical limit below which current physical
models lose predictive power. Intervals smaller than this are still within the bounds of the
Heisenberg uncertainty principle, as it does not forbid arbitrarily small At values.

The virtual photons carry no detectable mass or energy and are not really particles. They
are more like a non-substantive “priming” of the vacuum to activate its capacity to mediate
an electromagnetic interaction between two electrically charged particles—to awaken the
latent connectivity between the particles through the vacuum. Not being real particles,
they do not require a source of energy the way real particles do, and they do not need to
obey energy conservation laws locally, as long as energy is conserved globally in all
observable interactions they mediate.

Despite being unobservable, the energy borrowed and paid back to the vacuum in relation
to this activity is nonetheless consequential. If the energy flow ceased or did not exist,
there would be no virtual photons, no priming of the vacuum between electrically charged
particles to allow them to engage in an electromagnetic interaction. Such interactions
would fundamentally break down. Thus, the presence of the energy, even if not detectable
physically, is particularly impactful, leading to real, measurable effects.

One problem in quantum mechanics is that despite initial and final states of an interaction
obeying conservation laws, the electron takes on infinite mass in intermediates steps
mathematically, which interferes with quantum mechanics’ predictive power. The infinite
mass arises from the electron constantly emitting and reabsorbing arbitrarily high-energy
virtual photons from its own electromagnetic field.
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From the standpoint of the CPT model, the infinite mass is occurring because, while energy
is borrowed and paid back quickly, itis not being done so through the fundamental
progression of time in some intermediate steps of quantum mechanics. That is, for virtual
photons to linger long enough to be emitted and reabsorbed, the borrowed energy that led
to the photons’ activation would also have to linger for a while. This lingering introduces an
excess energy footprint beyond the idealized borrowing-repayment cycle. Any interval of
time longer than a fundamental moment to pay energy back to the vacuum will ultimately
result in the buildup of infinite energy (Figure 9).

+Vacuum Energy - +OOEnergy

—
X 0 Z e —

Virtual Photon

Energy paid back but
not over fundamental
progression of time in
intermediate steps

Figure 9. From the standpoint of the CPT model, the energy borrowed from the vacuum
during intermediate steps in quantum mechanics is paid back quickly, but not by way
of the fundamental progression of time. For virtual photons to linger long enough to be
emitted and reabsorbed in quantum mechanics, the borrowed energy that led to the
photons’ activation would also have to linger for a while. This results in the electron
eventually taking on infinite energy or mass, as energy is not returned to the vacuum
as quickly as itis taken on.

Leaving the top half of the model in Figure 9—the borrowing of vacuum energy through the
fundamental progression of time—intact but removing the timeliness of the bottom half is
like turning on the faucet of a tub filled with water but partially closing the tub’s drain. While
some water still exits the system (i.e., “is paid back”), the sheer volume of water flowing
from the faucet eventually overwhelms the partially closed drain, leading to flooding, or in
this case, an infinite energy result for the electron.

As long as the drain remains fully open and functional, and the rate by which water enters
the tub matches the rate by which it exits, an infinite amount of water could theoretically
flow through the tub of water without any water ever spilling over the top. All that would
remain from moment to moment is a constant volume of water in the vessel. Similarly, an
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infinite amount of energy could theoretically flow through the electron without issue, as
long as the energy is returned in the same timely manner, leaving nothing but a constant
energy level (i.e., rest mass) from moment to moment.

In quantum mechanics, the process of renormalization is needed to mathematically,
eliminate the infinite energy problem—depicted in Figure 10 in relation to the model.[22—-
24] Itinvolves the use of negative counterterms to remove the infinities, restoring the
predictive power of quantum mechanics.

+Vacuum Energy — +OOEnergy
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- J Pan

X,Y,Z e —
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Renormalization & Emission/Reabsorption

- J

— OO Energy

Figure 10. Addition of the renormalization process to the CPT model to eliminate the
infinite energy problem.

In contrast to the increase in energy over time in quantum mechanics, general relativity
predicts energy loss in systems such as binary stars through gravitational wave emission

and orbital decay. Such loss reflects the dynamic curvature of spacetime, where energy is

radiated away via changes in the spacetime curvature, which can be interpreted as a form

of vacuum energy. The loss of energy is accounted for in a time-dependent manner. Thus,
as in quantum mechanics, time here behaves like a parameter.[25-29] In this

circumstance, it could be said that general relativity focuses on the bottom half of the time

cycle in the CPT model. The stress-energy-momentum pseudotensor allows, at least
mathematically, for the conservation of the combined energy-momentum of matter,
radiation, and gravity (Figure 11).
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More of an accounting of the lost energy than an addition per se.

Figure 11. In general relativity, gravitational wave emission and orbital decay reflect a
decrease in system energy over time, as energy is radiated away through dynamic
changes in spacetime geometry. In this setting, general relativity focuses on the
bottom half of the time cycle in the CPT model. The loss of energy is accounted for by
the stress-energy-momentum pseudotensor—a mathematical tool that makes the
conservation of the combined energy-momentum of matter, radiation, and gravity
expressible.

Without a pseudotensor, there would be no way to formally account for the energy loss.
Revisiting the tub analogy, it is like the drain being fully open, but the faucet turned off. If
the system is left alone, the water would gradually vanish, but without a way to measure
the outflow. Similarly, with no pseudotensor, energy would appear to dissipate without a
measurable flux. The pseudotensor behaves like a “catch basin” beneath the drain. The
catch basin does not block the drain, but collects the water as it exits, allowing for the
quantification of its outflow over time. That is, the pseudotensor operates as a
mathematical retention scaffold—a way to retain and integrate energy flux across
spacetime. Thus, in a sense, the pseudotensor collects the energy that vanished and adds
it back to the system, but only for accounting purposes.

As suggested in the model, the gravitational dynamics are driven by negative energy (energy
being returned to the vacuum). Gravitational field energy is typically considered to be
negative; it takes positive energy to separate masses. As two bodies approach one another
under mutual gravitational attraction, the system’s total energy decreases — that is, the net
energy becomes more negative. This decrease reflects a redistribution of energy into the
spacetime curvature. This redistribution in the setting of two bodies gravitating is also
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tracked using an energy-momentum pseudotensor, again operating as a mathematical
retention scaffold for energy-accounting purposes.

From the standpoint of parallelism in the setting of the tub analogy, it is as if quantum
mechanics has the faucet open and the drain “effectively” closed, leading to flooding.
“Effectively” is used here because water (energy) is technically being drained away (paid
back), but given the flooding that results (infinite energy), the drain might as well have been
fully closed. There is no appreciable difference in the flooding/infinite energy outcome.
Conversely, general relativity has the faucet closed and the drain fully open, leading to the
draining away or vanishing of the water/energy.

In neither case is energy cycling through the system as one continuous loop through the
fundamental progression of time. Quantum mechanics and general relativity both force the
mathematical usage of energy outside of time’s fundamental flow in the description of their
dynamics. Doing so has the benefit of making the energy visible long enough within the
theories to be used mathematically to create an effect or to take account of dynamics.

When the theories are united within the CPT model, the structural presence of general
relativity obviates the need for renormalization in quantum mechanics, while the structural
presence of quantum mechanics obviates the need for a pseudotensor in general
relativity—reflecting the exclusion of these adjustment mechanisms in the ADM formalism
of canonical quantization, which yields the Wheeler-DeWitt equation (Figure12). (Note that
this is not suggesting an overlap of the specific examples provided in Figures 10 and 11,
namely virtual photon activation and gravitational wave emission, but rather a general
overlap of the associated flows of energy in each case.)

(Energy Source)

Quantum
Mechanics

XV, Z

General
Relativity

(Energy Sink)

Total net vacuum energy = 0
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Figure 12. In a unified framework, the structural presence of general relativity
suppresses the need for renormalization in quantum mechanics, while the structural
presence of quantum mechanics suppresses the need for a pseudotensor in general
relativity. The total net energy of the vacuum from the union of quantum mechanics
and general relativity becomes zero, as the positive energy of quantum systems
(energy source) is balanced by the negative gravitational field energy (energy sink).
This balanced-energy state gives the appearance of no external time parameter being
possible within the combined framework.

In this setting, the positive energy of quantum fields is balanced by the negative energy of
the gravitational field. Quantum mechanics becomes an “energy source,” and general
relativity becomes an “energy sink,” leaving a net-zero value for the total energy in the
vacuum—there appears to be no net change in energy from moment to moment. In this
state, their energy flows are forced back into alignment with the fundamental flow of time.
Within the bounds of time’s fundamental flow, no amount of energy is existing over any
perceptible or mathematically resolvable interval within the Planck-scale limits.

As time as an external parameter is tied to such energy changes, with no discernible
changes, it vanishes from the mathematics of the combined quantum mechanics—general
relativity framework, leading to the Wheeler-DeWitt equation and a seemingly frozen or
static condition for the universe. With the external parameter sidelined, the question then
becomes whether or not the flow of time is recoverable internally.

Here, the CPT model offers an advantage by permitting the visualization of internal
dynamics diagrammatically, describing energy changes that do not currently manifest
mathematically. The model not only helps to show why a static appearance to the universe
would arise from the combination of quantum mechanics and general relativity, as
described above, but in so doing, also emphasizes that the dynamic processes underlying
the seemingly static state condition continue to occur in the background, sustaining that
state. There exists no conceptual, mathematical, or physical mechanism by which the flow
in either quantum mechanics or general relativity would be nullified or arrested. The energy
flow consistently upheld in the theories (continuing to lead to the causal outcomes to
which itis tied) mandates its continuity in any coherent synthesis of the two frameworks.

Within the unified system, the energy flow itself then serves to signify the passage of time.
Although a necessity, the shift in focus from an external time parameter to this internal
energy flow as representative of time’s progression also offers a more accurate
representation of reality. Whereas time as an external parameter lacks physical
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instantiation, the energy flow within quantum mechanics and general relativity provides a
physically grounded correlate of time evolution. This is because the flow exhibits
directional structure and causal efficacy (e.g., resulting in electromagnetic interactions).
As such, it acquires ontological status, not as a detectable, measurable entity, but as an
independent, causally efficacious, structural property of the vacuum. Thus, even with the
lack of an external time parameter, time continues to evolve internally in relation to this
energy flow, and this activity is able to be captured within the CPT model (Figure 13).

+ Vacuum Energy (Clockwise Time)

—
Quantum

Mechanics

Virtual photon
activation,
gravitational
wave emission,
etc.

X,V,2

General
Relativity

-Vacuum Energy (Clockwise Time)

Total net vacuum energy = 0

Figure 13. The CPT model suggests that time is flowing in the background of a
combined quantum mechanics-general relativity system, despite no external time
parameter. Here, the flow of time stems from the continued energetic activity within
quantum mechanics and general relativity, given the ontological status of the energy
flow in each of them.

Thus, the CPT model enables a visual reconstruction of temporal flow within the ostensibly
timeless Wheeler-DeWitt structure, tracing its emergence to ontological internal energy
dynamics that, while conceptually defined, currently lack formal mathematical expression
as a manifestation of time’s fundamental flow. By illuminating how time can arise within
the timeless universal state, the model addresses a central challenge in canonical
quantum gravity. That is, for nearly 60 years, the Wheeler-DeWitt equation has posed a
formidable obstacle to unifying quantum mechanics and general relativity. The model
offers the first meaningful step beyond this mathematical impasse, potentially opening
new pathways for theoretical progress.
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Interestingly, taking the ontological status of the energy flow in quantum mechanics and
general relativity as foundational, this flow in relation to the full set of elementary matter
particles throughout the universe necessarily induces a directional bias for time across the
global spacetime field—as another manifestation of the reconstruction of time within the
seemingly timeless universe of the Wheeler-DeWitt equation. This flow becomes a
universal time parameter-like phenomenon operating in the background of all of
spacetime—a Newtonian-like time. Arguably, this is the true replacement of the defunct
external time parameter, as it spans all of spacetime as a statistical effect from the
ensemble of elementary particles (Figure 14).

+
Vacuum Energy Interface between

spacetime and

——
Quantum elementary
Mechanics v matter particles
e
Universal B Viriugis
Newtonian-Like All Elementary iriua °rt°,e"t_
X,V,2 Time (Clockwise) Mater Pacticlagpl| TISX ACKVALIOH,
Within gravitational
Spacetime B matters, etc.
-
General
Relativity
e

-Vacuum Energy

Spacetime J
(Bidirectional Potential)

Figure 14. A Newtonian-like time in the setting of spacetime in the CPT model. While
the time of spacetime continues to have the potential to flow in either direction
(clockwise, counterclockwise), the overall energetic flow from the combined activities
of quantum mechanics and general relativity in relation to all elementary matter
particles throughout the universe creates a global directional bias for time,
manifesting as a universal Newtonian-like time (clockwise), flowing underneath the
smooth “surface” of spacetime.

However, despite its universal nature, the true value of this global time parameter in any
given moment is unknowable. For any one person to know it, the individual would need to
know the state of every particle throughout spacetime at once, which is an impossible task,
particularly given states of probability concerning position and momentum, as well as
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issues associated with relativity. There is no universal “now” that all could agree on.
However, the phenomenon can be regarded as the default time parameter for the universe.

In this view, Newton’s and Einstein’s versions of time do not appear to be incompatible;
they appear to be complementary. This union too might assist in efforts to unite quantum
mechanics and general relativity.

Conclusion

A model of CPT is presented above that may have utility in various contexts involving
physical phenomena. As one example, the model helps to show how the time of retarded
and advanced waves is likely the same kind of basic time experienced by electrons and
positrons in the context of CPT. The basic time of these particles has no direct influence on
causality—and thus similarly, the basic time of retarded and advanced waves also would
have no direct effect on causality. This is consistent with the fact that causality is not a
fundamental aspect of Maxwell’s wave equations—causality is only imposed upon the
equations. This ultimately leads to the possibility that both retarded waves and advanced
waves are real. The current practice of discarding advanced wave solutions as unreal—as
was done with positrons in the past—may not be the most appropriate approach, at least
in theoretical studies, as it could be masking critical information.

Although electrons and positrons provide the clearest, unadulterated view of basic time,
other particles, including composite particles, likely experience this form of time as well—if
only in combination with thermodynamic time. As such, it might be of benefit to reevaluate
some equations or systems describing physical phenomena to ensure that the “kind of
time” involved is clear. That is, they might be connected to thermodynamic time, basic
time, or some combination of the two. Thermodynamic time should not necessarily be
assumed to be involved in a given case, with basic time appearing to be in effectin some
aspects of CPT, Maxwell’s equations, and the Wheeler-DeWitt equation. Indeed, viewing
the combination of quantum mechanics and general relativity through the lens of an
electron’s basic time assists in seeing the flow of time or the evolution of the universe even
with no external time parameter and the overall appearance of timelessness. It also
appears to help in understanding how Einstein’s spacetime and Newton’s time, or a
Newtonian-like time, overlap.

While the presented model may help to clarify and unify different time concepts, more
study is needed to understand the physical interface between the vacuum and elementary
particles such as an electron. At issue is what actual physical effect is the vacuum having
on the electron that influences the particle’s experience with time, and what does it mean
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for a given elementary particle to have an internal clock? The answers to these questions
will be important for understanding quantum gravity.

Appendix: Exploring Time-Symmetry and Causality in Electromagnetism

A critical limitation among several direct-action theories—which aim to describe
electromagnetic interactions in a time-symmetric way—is their implicit assumption that
retarded and advanced waves can exert causal influence independently. This not only
leads to the possibility of retrocausality, but also to an emitter’s field having the potential to
act back on itself, resulting for example in an infinite energy state within the theories.[9-12]
One of the principal solutions has been to treat the universe as a “perfect absorber.” Here,
the collective set of charged particles throughout the universe co-generate a time-
symmetric field through mutual interaction with an emitter’s time-symmetric field. An
advanced wave from the universe cancels the advanced wave at the emitter’s location. A
retarded wave from the universe reinforces the emitter’s retarded wave at a distant point,
suppressing self-action. This one-to-one, perfect absorber operation removes the
possibility of retrocausality and ensures that there is no radiation available for self-action.
If the global absorber activity is not exactly tuned, the direct-action framework would break
down. The existence of such fine-tuning on a cosmic scale, to the point of perfect absorber
activity, seems doubtful in nature.

However, as discussed in the sections above, retarded and advanced waves likely have no
direct effect on causality—and causality is not fundamentally built into Maxwell’s
equations. As such, a more appropriate course for describing an electromagnetic
interaction by way of a time-symmetric exchange would be to separate causal efficacy
from mere wave existence and instead link it to interaction dynamics. In this framework,
retarded and advanced waves are real and carry causal information (e.g., energy,
momentum), but neither carries any causal agency by itself. They become causally
meaningful only when both emitter and absorber contribute in both time directions—in a
sort of “lock and key” dynamic. That s, the full causal loop—involving emission,
propagation, absorption, and response—would only emerge when both the emitter and
absorber fields are present and symmetrically paired.

In one such scenario, an emitter sends a retarded wave and an advanced wave toward an
absorber. The absorber sends an advanced wave and a retarded wave back. The fields are
independent. The emitter does not require the absorber to radiate, nor does the absorber
require the emitter to respond. The fields carry causal information but lack causal agency
unless matched. Equation (A1) expresses a decomposition of the total field into its
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constituent retarded and advanced components associated with the emitter and the
absorber:

where,
F(E)

"ot 1S the retarded field from the emitter

F(E)

adv 1S the advanced field from the emitter

Fr(eAt) is the retarded field from the absorber

Féﬁl is the advanced field from the absorber

F(x) = %[F(E) )+ FE ) + ED (x) + F) (x)] (A1)

ret a ret adv

where, F(x) is the total field at spacetime point x. This is a time-symmetric superposition,
where each source contributes both wave types, and the physical field is the sum of all
paired contributions. The factor of one-half ensures that no single field componentis
causally adequate on its own. Causality occurs through matched pair interactions as
follows:

Foair (00) = 2 [ES (0) + Fy (0] +5 [EX (o) + Fl () (n2)

ret adv ret adv

This formulation preserves time symmetry, ensures field independence, and enforces
causality locally by way of the constructive interference of retarded and advanced wave
pairs from the emitter and absorber. It represents the smallest unit of causal closure (a
minimum emitter-absorber loop), but is generalizable to a multi-pair array, and can support
partial coherence (i.e., causal activation conditions), and probabilistic absorption.

In this context, the emitter’s field does not act back on itself when simply propagating
through spacetime because engagement with an absorber’s field is required to effectuate
any physical outcome. That is, causality arises only from retarded-advanced matched
pairs, thereby suppressing self-action and avoiding infinities. Only upon pairing is the
causal information encoded within the retarded and advanced waves unlocked to produce
physical effects (e.g., energy transfer), with the effects occurring in accordance with the
thermodynamic arrow of time. Here, the time symmetry between the retarded and
advanced waves gives rise to an asymmetrical, causal outcome.
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In some cases, there is no overt absorber to complete the emitter-absorber interaction.
However, the absorber in question could be the vacuum generally, by way of field
fluctuations, virtual particle-antiparticle pairs, and/or a statistical effect from an ensemble
of possible states (i.e., a collection of many potential absorbers such as particles, atoms,
or molecules spread out over spacetime). This pairwise, causal activation can generally be
expressed as follows:

ret v ret a

Fpgir(x) = %[F(E) (x) + Fg) (x)] +% [F(V) (x) + F(gz, (x)] (A3)

Here, F®)denotes the emitter’s field and F() the vacuum’s conditional response. Thus,
what appears to be self-action in quantum mechanics, leading to such effects as the Lamb
shift and anomalous magnetic moment, which require renormalization, is here, emergent
effects from near-field interactions with vacuum modes acting as statistical absorbers.
Rather than invoking an electron acting upon itself, these corrections arise from a
balanced, bidirectional structure reflective of Maxwell’s wave solutions. From this
perspective, it would be impossible for an electron to reabsorb its own photons because
the electron cannot act as both the emitter and absorber at the same time. Ironically, from
this view, while the universal absorber is used to avoid electron self-action in the direct-
action theories, the vacuum absorber here helps to create the effect attributed to self-
action.

More study is heeded regarding time-symmetric approaches to describing an
electromagnetic interaction, the Lamb shift, the anomalous magnetic moment, and
related phenomena. What is clear now, however, is that, in accordance with Maxwell’s
equations, both retarded and advanced waves are real and carry no causal significance by
themselves.

The practice of disregarding advanced waves as unreal is similar to the former practice of
disregarding positrons as unreal, until experimental confirmation of the existence of the
particles. Much information about how the physical universe works would be currently
unknown if positrons were still considered to be unreal. Likewise, critical information about
the universe could be missing today by considering advanced waves to be unreal.
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