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Abstract

The nature of time has resisted satisfactory explanation across millennia of philosophical
inquiry and over a century of modern physics. Philosophical theories offer competing
metaphysical frameworks—presentism, eternalism, growing block—but none is empirically
testable. Physical theories employ time as a coordinate or parameter but do not explain its
existence. The Wheeler-DeWitt equation in quantum gravity eliminates time entirely,

leaving the “problem of time” unresolved.

This paper argues that the Selective Transient Field (STF) framework constitutes the first
physically grounded, empirically testable theory of time itself. Because STF couples to the
rate of spacetime curvature change rather than curvature alone, temporal structure
becomes threshold-dependent: the experienced “now” exists only where curvature
evolution exceeds a critical value (¢_crit = 102" m~2s™). This makes time emergent, local,

and conditional rather than fundamental, global, and necessary.

The paper develops this thesis through systematic engagement with philosophical and
physical theories of time, demonstrating that STF uniquely satisfies the desiderata for a
genuine theory of time: it explains time’s existence, predicts when and where time exists,
derives testable consequences, and derives testable consequences from first principles (First
Principles V7.5).

The implications extend to what I term the Temporal Commensurability Principle:
meaningful temporal communication between aware systems requires not merely shared
reference to universal time (which is necessary) but compatible temporal loop architectures
(which is not guaranteed). This principle, supported by empirical evidence from terrestrial
chronobiology, has profound consequences for the search for extraterrestrial intelligence

and the development of artificial intelligence.

STF is not merely a theory operating within time. It is a theory of time—the first such theory

that is both physically rigorous and empirically falsifiable.
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Chapter 1: Introduction

1.1 The Central Thesis

This paper advances a single thesis: the Selective Transient Field (STF) framework

constitutes the first physically grounded, empirically testable theory of time itself.

The claim requires immediate clarification. Physics has produced many theories that make
predictions about temporal phenomena—quantum mechanics predicts decay rates, general
relativity predicts time dilation, thermodynamics predicts entropy increase. These are
theories that operate within time, presupposing temporal structure as a background against
which physical processes unfold. They describe what happens in time but do not explain

what time is or why it exists.

Philosophy has produced many theories about time—presentism holds that only the present
exists, eternalism holds that all times equally exist, the growing block theory holds that past
and present exist while the future does not. These offer competing metaphysical pictures
but provide no mechanism for deciding between them empirically. They interpret time but

do not explain it in a way that generates testable predictions.

STF is different in kind. It is a theory of time in the following sense: time is not assumed as a
background parameter but derived as an emergent structure that instantiates only where
specific physical conditions are met. The theory predicts when and where temporal
structure exists, generates empirically testable consequences, and has been confirmed at

extraordinary significance levels.

The distinction between a theory in time and a theory of time is not merely verbal. It marks
the difference between taking time for granted and explaining it—between using time and

understanding it.

1.2 The Significance of the Problem

Time is, as J. M. E. McTaggart observed, “as familiar to us as anything can be” yet “the source
of great perplexity” (McTaggart 1908, 457). We experience time constantly and inescapably.
Every thought, perception, and action occurs in time. Yet when we attempt to say what time
is, we find ourselves either producing tautologies (“time is the dimension in which events
are ordered”) or metaphors (“time is a river”) or contradictions (as McTaggart famously
argued). Augustine’s confession—“What then is time? If no one asks me, I know; if I wish to
explain it to one who asks, I know not” (Augustine 1991, XI.14)—remains apt after sixteen

centuries.

The difficulty is not merely technical. Our conception of time shapes our understanding of

virtually every fundamental question:

e Causation presupposes temporal ordering: causes precede effects.

® Identity over time requires some account of persistence through change.



e Free will seems to require an open future distinct from a fixed past.
e Moral responsibility attaches to past actions and future intentions.

e Scientific explanation typically proceeds by showing how later states follow from
earlier states according to laws.

A theory that explained time would therefore illuminate not only physics and metaphysics
but ethics, philosophy of mind, and philosophy of science. The stakes could hardly be
higher.

Yet despite millennia of inquiry, we lack such a theory. The situation is, as Craig Callender
puts it, “scandalous” (Callender 2017, 1). We can predict the behavior of quarks and galaxies
with extraordinary precision, but we cannot say why time exists, why it has the structure it

does, or why it flows (if it does) from past to future rather than the reverse.
1.3 Scope and Methodology

This paper does not attempt to resolve every question about time. It has more limited but

still ambitious aims:

1. To demonstrate that existing philosophical and physical theories fail to explain time in

a way that generates testable predictions.

2. To present the STF framework and show that it constitutes a genuine theory of time that

satisfies the explanatory desiderata.

3. To develop the implications of STF for questions about temporal experience,

communication between aware systems, and the search for extraterrestrial intelligence.

4. To anticipate and respond to objections.

The methodology is observation-first rather than axiom-first. STF did not originate from a
priori reasoning about what time must be. It originated from empirical anomalies —
spacecraft flyby discrepancies and the recognition that a field coupling to curvature rate
rather than curvature itself could explain them. The theoretical framework was developed
to explain this anomaly; only subsequently did its implications for the nature of time

become clear.

This methodology has precedent. Einstein did not derive special relativity from
metaphysical principles about the nature of time; he derived it from the empirical fact that
the speed of light is constant in all inertial frames (Einstein 1905). The metaphysical
consequences—the relativity of simultaneity, the rejection of absolute time—followed from

the physics rather than preceding it.

Similarly, the claim that STF constitutes a theory of time is a consequence of taking the
physics seriously. If STF is correct, then time is emergent, local, and threshold-dependent.

This is not a metaphysical preference but a physical implication.



1.4 Structure of the Argument

The paper proceeds as follows:

Part I (Chapters 1-3) establishes the problem and reviews existing approaches. Chapter 2
examines what would count as explaining time and why the question has proved so
difficult. Chapter 3 provides a critical review of philosophical theories of time—the A-theory
family (presentism, growing block, moving spotlight), the B-theory family (eternalism, four-

dimensionalism), and the phenomenological tradition.

Part II (Chapters 4-7) examines physical theories of time. Chapter 4 covers classical physics
(Newton vs. Leibniz on absolute and relational time). Chapter 5 addresses time in special
and general relativity. Chapter 6 confronts the “problem of time” in quantum gravity,
examining the Wheeler-DeWitt equation, Barbour’s timeless physics, and Rovelli’s relational
time. Chapter 7 discusses the arrow of time.

Part III (Chapters 8-11) presents STF as a theory of time. Chapter 8 develops the
mathematical framework. Chapter 8A provides a summary of the empirical validation
record. Chapter 9 explains the sense in which time is emergent in STF, including
implications for consciousness and temporal experience. Chapter 10 articulates the
ontology: pre-temporal geometry, the exists/happens distinction, temporal instantiation, the
ontological reality of universal time, and local time creation. Chapter 11 situates STF relative

to the philosophical debates.

Part IV (Chapters 12-15) develops the implications. Chapter 12 states and defends the
Temporal Commensurability Principle. Chapter 13 presents empirical evidence from
terrestrial chronobiology. Chapter 14 draws out implications for SETIL. Chapter 15 addresses

artificial intelligence.

Part V (Chapters 16-18) evaluates the theory. Chapter 16 discusses falsifiability and
testability. Chapter 17 responds to objections. Chapter 18 concludes.

1.5 Summary of Contributions

This paper makes the following novel contributions:

1. A new category of theory. STF is identified as the first theory of time (as opposed to a
theory in time or a theory about time) that is both physically rigorous and empirically
testable.

2. The Temporal Commensurability Principle. The paper introduces and defends the
principle that meaningful temporal communication requires compatible temporal loop

architectures, not merely shared reference to universal time.

3. Biological grounding. The paper shows that temporal incommensurability is not
merely theoretical but observable in terrestrial species with different chronobiological

architectures.



4. SETIimplications. The paper argues that temporal commensurability may be a
previously unrecognized filter on communicable civilizations, offering a novel

perspective on the Fermi paradox.

5. Systematic engagement. The paper provides the first comprehensive engagement

between STF and the philosophical and physical literature on time.

Chapter 2: The Problem of Time

2.1 Historical Overview

The problem of time is not new. It has occupied thinkers since the ancient Greeks, and
arguably before. A brief historical survey reveals both persistent themes and evolving

frameworks.

2.1.1 Ancient Philosophy

The pre-Socratic philosophers already disagreed fundamentally about time’s reality.
Parmenides argued that change is impossible and time therefore illusory; what exists is
eternal and unchanging (Parmenides, fragment B8, in Curd 1996). Reality, for Parmenides, is
a “well-rounded sphere,” complete and timeless. Any appearance of temporal succession is

mere illusion, a product of fallible human perception rather than genuine being.

Heraclitus took the opposite view. For him, change is the fundamental feature of reality:
“You cannot step into the same river twice, for other waters are continually flowing on”
(Heraclitus, fragment B91, in Curd 1996). On this view, time is not merely real but

constitutive of reality. To be is to change; what does not change does not fully exist.

Plato attempted a synthesis. In the Timaeus, he distinguished between the eternal realm of
Forms and the temporal realm of becoming. Time, he famously wrote, is “a moving image of
eternity” (Plato 2000, 37d). The physical world exhibits temporal change, but this change is a
deficient copy of eternal, changeless truth. Time is thus real but ontologically secondary.

Aristotle’s treatment in the Physics remains influential (Aristotle 1930, IV.10-14). He defined
time as “the number of motion with respect to before and after,” making time dependent on
change but not identical to it. Time measures change, which requires something that
changes and something that perceives the change. This raised the question—still debated—

of whether time would exist without minds to perceive it.

2.1.2 Medieval Philosophy

Augustine’s Confessions (Book XI) contains the most famous meditation on time in the
Western tradition (Augustine 1991). Augustine poses the problem starkly: the past no longer
exists, the future does not yet exist, and the present is merely the knife-edge at which the

future becomes the past. Where, then, is time?

Augustine’s answer anticipates modern internalist theories: time exists in the soul. The past



exists as memory, the present as attention, the future as expectation. “In you, my mind, I
measure time” (Augustine 1991, XI.27). This psychological or phenomenological approach

would resurface in Husserl, James, and Bergson centuries later.

2.1.3 Early Modern Philosophy

The Scientific Revolution transformed the discussion. Newton’s Principia (1687) declared:
“Absolute, true, and mathematical time, of itself, and from its own nature flows equably
without regard to anything external” (Newton 1999, 408). Time, for Newton, is a container—
an absolute background against which events occur. It exists independently of matter and

would continue to exist in an empty universe.

Leibniz objected strenuously. In his correspondence with Samuel Clarke (Newton’s
defender), Leibniz argued that time is relational rather than absolute: “I hold space to be
something merely relative, as time is” (Leibniz 1989, 325). Time is nothing but the order of
succession of events; without events, there is no time. The dispute between substantivalism

(time is a thing) and relationalism (time is a relation between things) continues to this day.

Kant offered a different resolution. In the Critique of Pure Reason, he argued that time is
neither absolute (existing independently of minds) nor merely relational (reducible to
relations between events) but rather a “form of inner sense”—a structure that the mind
imposes on experience (Kant 1929, A33/B49). Time is empirically real (we genuinely
experience temporal succession) but transcendentally ideal (it characterizes experience

rather than things-in-themselves).

2.2 The Contemporary Landscape

Contemporary philosophy of time is dominated by three approaches: analytic metaphysics,

philosophy of physics, and phenomenology.

2.2.1 Analytic Metaphysics

The analytic tradition, following McTaggart, tends to frame the debate in terms of the A-

series and B-series. McTaggart distinguished two ways of ordering events in time:

e The A-series orders events as past, present, or future. These are tensed properties: they
change as time passes.

e The B-series orders events as earlier than, simultaneous with, or later than other

events. These are tenseless relations: they do not change.

McTaggart argued that both series are essential to time. The B-series alone is insufficient
because it cannot capture change. The A-series is required to capture change: it is because
events move from future to present to past that there is genuine becoming (McTaggart
1908).

2.2.2 Philosophy of Physics



Philosophers of physics approach time through its role in physical theories. Key questions
include: Does special relativity refute presentism by establishing the relativity of
simultaneity? What does general relativity’s treatment of time as a dimension of spacetime
imply for temporal ontology? What should we make of the “frozen formalism” of the
Wheeler-DeWitt equation? These questions connect metaphysical disputes to empirical
physics (Callender 2011; Maudlin 2012).

2.2.3 Phenomenology

The phenomenological tradition, stemming from Husserl, takes the experience of time as its
starting point. Husserl’s analysis of time-consciousness in terms of retention (the just-past
held in consciousness), primal impression (the now), and protention (the anticipated future)
remains influential (Husserl 1991).

2.3 The Explanatory Gap

Despite this rich tradition, something crucial is missing. None of these approaches explains
time in the fullest sense. They describe time, analyze time, interpret time—but they do not

say why time exists, where it comes from, or why it has the structure it does.

Consider what a genuine explanation of time would provide:

1. Existence explanation: Why is there time at all, rather than timelessness?
2. Structure explanation: Why does time have the structure it does?
3. Experience explanation: Why does time feel the way it does?

4. Predictions: What should we observe if this account is correct?

Philosophical theories address (1)-(3) but not (4). Physical theories address (4) but not (1)-(3)
as applied to time itself. The explanatory gap is this: we have no theory that both explains
time’s existence and generates testable predictions.

2.4 Desiderata for a Theory of Time

What would a successful theory of time look like? I propose the following desiderata:

D1. Derivation: Time should be derived from the theory, not assumed by it.

D2. Contingency: The theory should explain why time exists here and now rather than

treating time as necessary.

D3. Structure: The theory should explain time’s structural features.

D4. Experience: The theory should connect to temporal experience.

D5. Testability: The theory should generate predictions that can be empirically tested.



D6. Physical Grounding: The theory should be grounded in physics rather than being
purely metaphysical.

No existing theory satisfies all six desiderata. The STF framework, I will argue, satisfies all of

them.

Chapter 3: Philosophical Theories of Time—A Critical Review

The philosophical literature on time is vast and sophisticated. Any theory claiming to
advance our understanding must engage seriously with this tradition. This chapter provides
a critical review of the major positions, organized around McTaggart’s influential

framework, and concludes by identifying what remains unexplained.

3.1 McTaggart’s Argument and Its Legacy

John McTaggart Ellis McTaggart’s 1908 paper “The Unreality of Time” established the
conceptual framework within which most subsequent analytic philosophy of time has
operated. Understanding this framework is essential for situating any new contribution to
the field.

3.1.1 The A-Series and B-Series Distinction

McTaggart begins by distinguishing two fundamentally different ways of ordering events in
time (McTaggart 1908, 458):

The A-series positions events as past, present, or future. These are tensed determinations—
they change as time passes. The Battle of Hastings was once future, then became present (in
1066), and is now past. Next year’s Olympics are currently future but will become present
and then past. A-series positions are transient: every event successively occupies each

position (future - present — past) as time flows.

The B-series orders events as earlier than, simultaneous with, or later than other events.
These are tenseless relations—they do not change. The Battle of Hastings is earlier than the
French Revolution; this relation held, holds, and will always hold. B-series relations are

permanent: if E is earlier than F, this is eternally true.

McTaggart insists that both orderings are genuine features of time, but they are
fundamentally different. The A-series involves change in position; the B-series involves
fixed relations. The A-series requires a “moving” present; the B-series is static.

3.1.2 The Argument for Unreality

McTaggart’s argument proceeds through three stages:

Stage 1: Time requires change.

Without change, there would be no distinction between different moments—no sense in



which time passes. A frozen universe, in which nothing ever changes, would be timeless.

Stage 2: The B-series alone cannot account for change.

Consider a B-series ordering of events: E; is earlier than E,, which is earlier than Es. This
ordering is permanent. E; is always earlier than E,. But if everything about these events and
their relations is permanent, in what sense has anything changed? The B-series describes a
static structure, not a dynamic process. As McTaggart puts it: “If we take the series as having
only the B-series determinations, we shall not have change... The series would simply be a
series, and nothing in it would have changed” (McTaggart 1908, 459).

Therefore, genuine time—time involving real change—requires the A-series. The B-series

alone gives us only a static ordering, not temporal passage.

Stage 3: The A-series is contradictory.

Here is McTaggart’s crucial move. The A-series assigns to each event all three properties:
pastness, presentness, and futurity. The Battle of Hastings is past (now), was present (in
1066), and was future (before 1066). Each event, considered completely, has all three A-

properties.

But these properties are mutually incompatible. Nothing can be simultaneously past and
present, or present and future. Therefore, the A-series assigns contradictory properties to

events.

The obvious response: Events have different A-properties at different times. Hastings is
past now, was present then, was future earlier. There is no contradiction because the

properties are indexed to different times.

McTaggart’s rejoinder: This response is viciously circular. To say that Hastings is past “at
t1” and present “at t,” is to invoke a second time series—a series of times at which events
have their A-properties. But this second series is itself an A-series (or requires one to explain
the change from “is past at t;” to “was past at t;”). The same problem recurs: each time in the
second series has all three A-properties, generating contradiction unless we invoke a third

series, and so on ad infinitum.

Conclusion: Time requires the A-series (Stage 2), but the A-series is contradictory (Stage 3).

Therefore, time is unreal.

3.1.3 Responses to McTaggart

McTaggart’s argument has generated an enormous literature. Responses fall into several

categories:

Rejecting Stage 2 (B-theorists): Many philosophers deny that time requires the A-series.

The B-series alone, they argue, suffices for time. Change can be understood as variation



across the B-series: the poker is cold at t; and hot at t.. There is no need for a “moving”
present. The appearance of temporal passage is illusory or merely perspectival—a feature of

our experience, not of reality itself (Mellor 1998; Oaklander 2004).

Rejecting Stage 3 (A-theorists): Others deny that the A-series is contradictory. C. D. Broad
argued that tensed statements can be analyzed without generating regress (Broad 1923). A.
N. Prior developed tense logic, a formal system for reasoning about tensed propositions that
avoids McTaggart’s paradox (Prior 1967). Presentists argue that only present events exist, so
past and future events do not have A-properties at all—they do not exist to bear properties

(Zimmerman 2008).

Accepting the conclusion: A few philosophers follow McTaggart in denying time’s reality.
This view is difficult to maintain given the manifest experience of temporal passage, but it
has contemporary defenders who argue that our temporal experience is systematically
illusory (see, e.g., some interpretations of the Wheeler-DeWitt equation discussed in Chapter
6).

The debate continues without resolution. For present purposes, the crucial observation is
that McTaggart’s framework—the distinction between A-series and B-series, the question of
whether temporal passage is real or illusory—structures contemporary discussion. Any

theory of time must position itself relative to this framework.

3.2 The A-Theory Family

A-theorists hold that the A-series is metaphysically fundamental—that there is an objective,
mind-independent distinction between past, present, and future, with the present

ontologically privileged. Several distinct positions fall under this umbrella.

3.2.1 Presentism

Presentism is the view that only present entities exist. Past entities (dinosaurs, Julius Caesar,
yesterday’s breakfast) no longer exist—they have passed out of existence. Future entities
(the first Mars colony, next week’s weather, my great-grandchildren) do not yet exist—they
have not yet come into being. Existence is restricted to the knife-edge of the present moment
(Zimmerman 2008; Crisp 2007).

Presentism captures powerful intuitions about time. The past seems gone—not merely
distant but no longer real. The future seems open—not yet determined, not yet actual. The
present seems special—it is where reality is, where things happen, where we live.
Presentism vindicates these intuitions by building them into the metaphysics: the present

really is all there is.

Arguments for Presentism:

Phenomenological argument: Our experience presents the present as privileged. We

experience ourselves as existing now, with the past receding and the future approaching.



Presentism takes this experience at face value.

Freedom and openness: If future events already exist, the future seems fixed—already there,
waiting for us. This threatens free will and the open future. Presentism preserves openness:

the future does not exist because it has not been determined.

The absurdity of temporal passage without ontological change: If all times equally exist,
“temporal passage” becomes mysterious. What is moving? Where is it going? Presentism
makes passage intelligible: events come into existence, briefly exist, and pass out of

existence.

Objections to Presentism:

The truthmaker problem: Consider the proposition “Caesar crossed the Rubicon.” This is
true. But what makes it true? Normally, propositions are true because of how reality is—
because of facts or states of affairs that serve as truthmakers. But if Caesar no longer exists,
there is no Caesar to serve as truthmaker. The past does not exist; what grounds truths
about it? (Crisp 2007)

Presentists have offered various responses: appealing to present-tensed properties of the
world (“the world is such that Caesar-crossed-the-Rubicon”), Lucretian properties or traces,
abstract ersatz times, or taking past-tensed facts as primitive. None is fully satisfying (Sider
2001, 35-42).

Cross-temporal relations: We stand in relations to past and future entities. I am the
descendant of people who lived centuries ago; I am the ancestor of people who will live
centuries hence. I am taller than Napoleon was. But relations require relata. If past and

future entities do not exist, how can I stand in relations to them? (Craig 2001)

The challenge from special relativity: This is the most pressing objection. In special relativity,
simultaneity is relative to a reference frame. There is no frame-independent fact about
which distant events are simultaneous with the here-now. But presentism requires an
absolute present: what exists is what exists now, and “now” must pick out a unique set of
events across all of space. If there is no objective simultaneity, presentism requires a

privileged reference frame that physics does not recognize (Putnam 1967; Sider 2001).

Presentist responses include: accepting a privileged frame (perhaps the cosmic rest frame),
arguing that relativity is compatible with presentism under certain interpretations, or
maintaining that metaphysics need not be constrained by physics in this way (Craig 2001;

Zimmerman 2011).

3.2.2 Growing Block Theory

The growing block theory, developed by C. D. Broad and later by Michael Tooley, holds that
past and present entities exist, while future entities do not (Broad 1923; Tooley 1997). Reality

is a four-dimensional “block” of past and present, but this block grows as time passes. The



present is the leading edge of reality; new slices of existence are continually being added.

Growing block captures the intuition that the past is “fixed” or “settled” while the future is
“open.” What has happened cannot be undone—it exists, embedded in the block. What will

happen is not yet determined—it does not yet exist.

Advantages over presentism:

Truthmakers for past truths: Past events exist (in the past part of the block), so they can

serve as truthmakers for past-tensed propositions.

Cross-temporal relations: Since past entities exist, I can genuinely stand in relations to my

ancestors.

Objections:

The epistemic problem: Here is a puzzle first articulated by Broad himself and developed by
others (Forrest 2004; Braddon-Mitchell 2004). Consider someone located in the interior of
the block—say, in 1950. From their perspective, 1950 is the present, the leading edge of
reality. They experience themselves as at the “now.” But they are not at our present; 1950 is
past. So they are (from our perspective) wrong about being at the leading edge. Yet their
experience is exactly like ours. How do we know we are at the actual present, the real

leading edge, rather than embedded somewhere in the past?

The objection is that the growing block gives us no resources to explain why our experience
of being at the present is veridical while the identical experience of past observers is not.
Every past observer also thought they were at the present; they were right at the time, but
only because “the present” meant their time. If the block has grown past us, our experience

will also have been merely locally correct.

The rate of growth: At what rate does the block grow? The natural answer is “one second per
second”—but this is trivial or circular. Growth requires a rate, and rates require a measure
of time. If the block grows in some external time, what is that time? If it grows in internal

time, how is the growth to be understood? (Price 1996, 13)

Relativity: Like presentism, the growing block seems to require absolute simultaneity. The
“present” edge of the block must be a global hypersurface. But special relativity denies
global simultaneity. The growing block faces the same challenge as presentism in

accommodating relativistic physics.

3.2.3 Moving Spotlight Theory

The moving spotlight theory attempts to combine the best of eternalism and A-theory (Skow
2015; Cameron 2015). It holds that all times exist—past, present, and future are all equally
real, as in eternalism. But one time is objectively present—distinguished, illuminated as it

were by a “spotlight” that moves along the temporal dimension.



The spotlight theory accepts the eternalist ontology (all times exist) while maintaining the A-
theorist conviction that the present is objectively special (not merely perspectivally). The
present is not constituted by what exists—everything exists—but by a distinctive property

(being illuminated by the spotlight) that one and only one time possesses.

Objections:

Metaphysical extravagance: The view seems to combine the costs of both eternalism and A-
theory. It accepts the entire four-dimensional block (surrendering the open future) while
adding an additional moving spotlight. What is this spotlight? A primitive property of

“nowness” that shifts from one time to another? This seems ontologically profligate.

What moves the spotlight? The spotlight is supposed to move along the block. But motion
requires a dimension in which to occur. If the spotlight moves in time, this is circular—time
is what we are trying to explain. If it moves in some meta-time, we face a regress: what

moves the meta-time spotlight?

Does it save temporal passage? Even granting the spotlight, it is unclear whether this
recovers genuine passage. From the perspective of the block, the spotlight’s position at each
time is fixed: at t; the spotlight is on ty, at t, it is on t,. Nothing changes. The spotlight theory
may describe a pattern but not a process.

3.3 The B-Theory Family

B-theorists deny that the A-series is metaphysically fundamental. The B-series—the fixed
ordering of events by earlier-than and later-than relations—is all there is to time. The
apparent specialness of the present is an artifact of our temporal perspective, like the

apparent specialness of “here” is an artifact of spatial perspective.

3.3.1 Eternalism

Eternalism is the view that all times and their contents equally exist. Dinosaurs exist (in the
past); we exist (in the present); future civilizations exist (in the future). These exist at
different times, just as Paris and Tokyo exist at different places, but they all exist. There is
no ontological privilege attaching to the present (Mellor 1998; Sider 2001).

The analogy with space is central to the eternalist vision. We do not think that distant places
are less real than nearby places. Distance does not diminish existence. Similarly, eternalists
argue, we should not think that temporal distance diminishes existence. Past times are real;

we are simply not located at them, just as we are not located in distant countries.

Eternalism is often called the “block universe” view. Reality is a four-dimensional block:
three dimensions of space, one of time. All of spacetime exists; we are embedded within it at

a particular location.

Arguments for eternalism:



Special relativity: The relativity of simultaneity is often taken to support eternalism. If there
is no objective fact about which distant events are simultaneous with the here-now, then
there is no objective fact about which events are present. But if presentness is frame-
relative, it cannot mark an ontological distinction. All events related by the spacetime
interval exist; whether they are “present” depends on the observer’s frame. (This argument

is examined critically in Chapter 5.)

Truthmakers and relations: Eternalism avoids the truthmaker problem and the problem of
cross-temporal relations that plague presentism. Past events exist and can ground truths

about the past; I can stand in relations to my ancestors because they exist.

Simplicity: Eternalism posits a single uniform ontology: all times exist. It does not require a
distinction between existing (present) and non-existing (past/future) times, or a mysterious

process of temporal passage bringing new times into existence.

Objections to eternalism:

The problem of change: If all times equally exist, in what sense does anything change?
Consider a poker that is cold at t; and hot at t,. On the eternalist view, both the cold-at-t;
poker and the hot-at-t, poker exist. Neither replaces the other; both are equally real. Where
is the change? (Lowe 2002)

Eternalists typically respond by distinguishing change from variation. The poker varies
across time: it has different properties at different temporal locations. This is genuine
change, they argue—it is what change is. But critics argue this reduces change to static

variation, which is not change at all.

Temporal experience: Why does time seem to pass if it does not really pass? Why do we
experience a moving present if there is none? Eternalists must explain away the
phenomenology of temporal passage as an illusion or perspective effect. Various proposals
have been offered (Paul 2010; Prosser 2016), but many find them unsatisfying. If temporal

passage is so central to our experience, can a theory that denies it be correct?

The open future and free will: If future events already exist, the future seems fixed. My
choices tomorrow exist just as much as my choices yesterday. This seems to threaten the
openness of the future and the meaningfulness of deliberation. Eternalists typically respond
that the future being fixed is compatible with our choices being undetermined—what exists

is what we will freely choose—but the issue remains contested (Torre 2010).

3.3.2 Four-Dimensionalism and Temporal Parts

Four-dimensionalism, or perdurantism, is a theory of persistence through time. It holds that
objects are four-dimensional entities extended through time, with different temporal parts
at different times (Sider 2001; Hawley 2001).

Consider a banana that is green on Monday and yellow on Friday. Three-dimensionalism



(endurantism) holds that the banana is wholly present at each time: the entire banana exists
on Monday, and the entire banana exists on Friday. The banana endures through time,

being fully present at each moment of its existence.

Four-dimensionalism holds that the banana is a four-dimensional worm extending through
time. Only a temporal part of the banana exists on Monday; a different temporal part exists
on Friday. The Monday-part is green; the Friday-part is yellow. The banana as a whole—the
entire four-dimensional object—has both a green part and a yellow part, just as a spatially

extended object can have a red part and a blue part.

Connections to eternalism:

Four-dimensionalism typically goes with eternalism: if objects have temporal parts at past
and future times, those parts exist. But the views are logically separable. One could be an
eternalist without accepting temporal parts (holding that objects endure) or a four-
dimensionalist about past and present without accepting the existence of future temporal

parts.

Arguments for four-dimensionalism:

The problem of temporary intrinsics: How can the banana be both green and yellow?
Greenness and yellowness are incompatible properties. Endurantists face a puzzle: if the
whole banana is present on Monday and the whole banana is present on Friday, and the
banana is green on Monday and yellow on Friday, then the banana is both green and yellow

—contradiction.

Endurantists respond by relativizing properties to times: the banana is green-at-Monday
and yellow-at-Friday. But four-dimensionalists argue this distorts the nature of properties;

greenness should be a simple intrinsic property, not a relation to a time (Sider 2001, 92-98).

Four-dimensionalism dissolves the puzzle: different temporal parts have the incompatible
properties. The Monday-part is (simply) green; the Friday-part is (simply) yellow. No

contradiction.

Coincidence puzzles: Consider a statue and the lump of clay that constitutes it. They seem to
be spatially coincident yet distinct (the lump would survive being squashed; the statue
would not). Four-dimensionalism can handle such cases: the statue and the lump are
different four-dimensional objects that share temporal parts during the period of the

statue’s existence.

Objections:

Counterintuitiveness: It seems strange to say that only part of me is in this room right now.
We naturally think of ourselves as wholly present at each moment, not as temporally

extended worms with different parts at different times.



Which part is special? Four-dimensionalism does not explain why one temporal part is
experienced as present. Each temporal part exists; why does this one have the distinctive

experience of being now?

3.4 The Phenomenology of Time

The phenomenological tradition approaches time through the structure of temporal
experience. Rather than asking what time is (metaphysics) or how time functions in physics
(philosophy of science), phenomenologists ask how time is given in consciousness.

3.4.1 Husserl on Time-Consciousness

Edmund Husser!’s lectures on internal time-consciousness (delivered 1893-1917, published
posthumously) provide the most detailed phenomenological analysis of temporal
experience (Husserl 1991). Husserl was not primarily concerned with the metaphysics of
time but with the structure of consciousness of time—how temporal objects are constituted

in experience.

Husser!’s key insight is that temporal experience is not a sequence of isolated “now-points.”
We do not experience time as a series of discrete presents, each vanishing to be replaced by
the next. Rather, experience has an inherent temporal structure in which past, present, and

future are co-present in different modes.

Husserl identifies three moments of time-consciousness:

Primal impression (Urimpression): The awareness of the now-phase of a temporal object.

When I hear a melody, I am aware of the currently sounding note.

Retention: The awareness of the just-past. The note that just sounded is still held in
consciousness, not as present but as just-having-been. Retention is not memory—it does not

require an act of recollection. It is the immediate, passive holding of the just-elapsed phase.

Protention: The awareness of the about-to-be. The next note is anticipated, not explicitly

predicted but implicitly expected. The future is present in consciousness as what is coming.

Together, these moments constitute the “living present” (lebendige Gegenwart)—a flowing
now that includes within itself an awareness of what has just passed and what is about to

come. The specious present is not a point but a dynamic structure with internal articulation.

Husserl’s analysis has significant implications. If temporal experience is always structured

in this way, then:

1. The present is not instantaneous. It has duration and internal structure.

2. Past and future are given in the present. They are not inferred but immediately

experienced.

3. Time-consciousness is constitutive. The temporal properties of objects (their being



past, present, or future) are constituted in the structure of experience.

This phenomenological approach does not directly answer metaphysical questions (does the
past exist? is time real?), but it illuminates the experiential ground from which such

questions arise.

3.4.2 William James and the Specious Present

William James, writing slightly before Husserl, introduced the concept of the “specious

present” in his Principles of Psychology (James 1890, 609):

The practically cognized present is no knife-edge, but a saddle-back, with a certain breadth
of its own on which we sit perched, and from which we look in two directions into time. The
unit of composition of our perception of time is a duration, with a bow and a stern, as it

were—a rearward- and a forward-looking end.

James’s specious present is the duration of experienced now-ness. It is “specious” because it
appears simple but is actually complex, containing within itself a sense of succession. When
I hear a melody, the present moment contains not just the current note but a fading
awareness of the notes just past and an anticipation of the notes to come.

James notes that the duration of the specious present is empirically variable. It can be
measured psychologically: how long an interval can be perceived as “present” rather than
“past”? Estimates range from a fraction of a second to several seconds, depending on the

type of content and the method of measurement (Dainton 2000).

The specious present raises important questions for any theory of time:

1. Is the specious present objective or subjective? Is there a fact about the duration of

the “real” present, or is the specious present merely a psychological construction?

2. Does the specious present vary across species? If different organisms have different
specious presents, they would experience time differently in a deep sense. (This

question becomes central in Chapter 13.)

3. What explains the specious present? Why does experience have this structure? Is it a
feature of consciousness itself, or does it reflect something about the physical substrate

of experience?

3.4.3 Bergson on Duration

Henri Bergson developed a radically different approach to time, one that influenced both
phenomenology and process philosophy. In Time and Free Will (1889) and subsequent

works, Bergson distinguished two concepts of time (Bergson 1910):

Spatialized time: This is time as represented in physics and common-sense: a homogeneous
medium divisible into discrete, equivalent units. Clock-time, mathematical time, time as

measured by instruments. We think of time as a line—extended, uniform, quantitatively



measurable.

Duration (durée): This is lived time, time as experienced. Duration is heterogeneous—each
moment has its unique quality. It is continuous—not a series of discrete units but an
indivisible flow. It is qualitative rather than quantitative—we do not measure duration, we

live it.

Bergson argues that we habitually confuse these two concepts. We impose the spatial model
onto time because we need to think and communicate about time, and spatial
representation is convenient. But this distorts the nature of lived time. Real time—duration

—cannot be captured by the spatial metaphor.

The implications are radical. If duration is irreducible to spatialized time, then physics—
which employs spatialized time—cannot capture the full reality of time. The scientific

worldview, for all its power, misses something essential about temporal experience.

Bergson’s critique anticipates contemporary concerns about whether physical time exhausts
temporal reality. If physics describes only measurable, quantitative aspects of time, it may

leave out what matters most: the qualitative, lived character of temporal passage.

3.5 Critical Assessment: Why Philosophical Theories Cannot Settle the Question

This survey reveals a field rich in sophisticated positions but lacking in resolution. After
more than a century of debate since McTaggart, no consensus exists even on basic

questions:

e [sthe present metaphysically privileged, or is its apparent privilege merely

perspectival?
e Do past and future entities exist?
e [s temporal passage real or illusory?

e How does temporal experience relate to temporal reality?

More troublingly, these questions appear empirically irresolvable. The debate between
presentism and eternalism is conducted through conceptual analysis, appeal to intuition,
and assessment of theoretical virtues (simplicity, explanatory power, coherence). No
observation could determine which is correct.

Consider what would count as evidence for presentism over eternalism:

® Direct access to past or future? Both views accommodate the fact that we only directly
experience the present. Eternalists explain this by our being located in one part of the

block; presentists explain it by only the present existing.

e Memory and anticipation? Both views can accommodate memory (a present

representation of the past) and anticipation (a present orientation toward the future).

e Physics? Both views claim consistency with physics (though presentists face challenges



from relativity). Neither makes differential predictions.

The same holds for other debates: growing block vs. eternalism, A-theory vs. B-theory,
endurance vs. perdurance. These are interpretive frameworks, not empirically

distinguishable hypotheses.

This is the fundamental limitation of philosophical theories of time. They offer
interpretations—ways of understanding time that are more or less coherent, more or less
intuitive, more or less compatible with physics. But they do not offer testable predictions.
They do not say what we should observe if they are correct, what would count as evidence

against them, what phenomena they alone can explain.

What is needed is a theory that generates testable predictions about temporal structure—a
theory that makes claims about time which could be empirically falsified. This is what the
STF framework provides. Before presenting STF, however, we must examine how physical

theories have treated time.

PART II: PHYSICAL THEORIES OF TIME

Chapter 4: Time in Classical Physics

While philosophers debated the metaphysics of time, physicists developed increasingly
sophisticated theories that employed time as a parameter. Classical mechanics, from
Newton through Hamilton and Lagrange, presupposed a temporal framework within which
physical processes unfold. The question of what this framework is—what time itself
amounts to—was rarely addressed directly, but implicit commitments shaped the

theoretical structure.

4.1 Newtonian Absolute Time

Isaac Newton’s Principia Mathematica (1687) established the framework for classical

mechanics. Newton was explicit about his conception of time:

Absolute, true, and mathematical time, of itself, and from its own nature flows equably
without regard to anything external, and by another name is called duration: relative,
apparent, and common time, is some sensible and external (whether accurate or unequable)
measure of duration by the means of motion, which is commonly used instead of true time;

such as an hour, a day, a month, a year. Newton 1999, 408)

Several features of Newtonian absolute time deserve careful analysis:

4.1.1 Independence

Absolute time exists independently of matter, motion, and minds. It is not constituted by
relations between events or by processes of measurement. Even in an empty universe—a

universe containing nothing at all—time would exist and flow. Time is a container, a stage, a



background against which the drama of physics unfolds but which would exist without any

drama to contain.

This independence is crucial for Newton’s physics. The laws of motion describe how objects
move through absolute space over absolute time. If time depended on motion, the laws
would be circular. Newton needs an independent temporal parameter to make his

equations well-defined.

4.1.2 Uniformity

Absolute time “flows equably”—at the same rate everywhere and always. There is no
speeding up or slowing down of time itself. A second in ancient Rome is exactly as long as a

second today; a second in a distant galaxy is exactly as long as a second here.

Our measurements of time may be inaccurate—clocks may run fast or slow, our judgments
of duration may err—but absolute time itself maintains perfect uniformity. This is what

Newton means by the distinction between “true” and “apparent” time.

4.1.3 Universality

There is a single, universal time shared by all observers and all locations. Simultaneity is
absolute: if events A and B are simultaneous, they are simultaneous for everyone, regardless

of their state of motion or location.

This universality underwrites Newton’s mechanics. Forces act instantaneously at a distance
(gravitation, in Newton’s theory, propagates infinitely fast). Such instantaneous action
requires a universal simultaneity: if the sun disappears, the earth’s orbit changes at that

same moment, and “that same moment” is well-defined across the distance.

4.1.4 Necessity

The existence of absolute time is not contingent on any physical process. Time is part of the
fundamental structure of reality, a necessary framework for any possible world in which

physics operates.

4.2 The Bucket Argument

Newton recognized that absolute space (and implicitly absolute time) is not directly
observable. We cannot point to empty space or measure time apart from physical processes.
He offered an argument for absolute space based on observable effects—the famous “bucket

argument” (Newton 1999, Scholium to the Definitions).

Consider a bucket of water suspended by a rope, with the rope twisted. Initially, the bucket
and water are at rest, and the water’s surface is flat. Now release the bucket. It begins to
rotate, but at first the water does not rotate with it—there is relative motion between bucket

and water, yet the water’s surface remains flat.



As friction transfers rotation to the water, the water begins to rotate with the bucket. Now
there is no relative motion between bucket and water—they rotate together. But the water’s

surface becomes concave, rising up the sides of the bucket.

Here is the puzzle: what explains the concavity?

e [t is not motion relative to the bucket. When the bucket is rotating but the water is not
(relative motion), the surface is flat. When both rotate together (no relative motion), the

surface is concave.

e [t is not motion relative to nearby objects. The bucket’s surroundings do not change

between the two cases.

Newton’s conclusion: the concavity is caused by rotation relative to absolute space. The
water is rotating relative to the fixed spatial framework, and this absolute rotation—not

motion relative to any material body—produces the concavity.

Since rotation is motion over time, the argument also implies absolute time. The water’s

angular velocity is defined relative to the absolute temporal parameter.

4.2.1 Responses to the Bucket Argument

Relationists have contested Newton’s argument:

Mach’s response: Ernst Mach argued that Newton had not considered rotation relative to
all the matter in the universe. The “fixed stars” provide a material reference frame. What
we call “absolute rotation” is really rotation relative to the distant galaxies. If those galaxies
were rotating around the bucket, the water might become concave. Without empirical test,

we cannot know (Mach 1960).

Mach’s critique does not definitively refute Newton, but it shows that the argument is not
conclusive. Newton’s inference to absolute space depends on there being no material
explanation for the concavity, but Mach suggests a material explanation (the fixed stars)

that Newton did not consider.

Leibniz’s response: For Leibniz, the bucket argument fails to establish anything beyond the
relations among bodies. The concavity is indeed caused by rotation, but rotation should be
understood as a complex pattern of relations among the parts of the water, not as motion

relative to a substantival space.

Modern relationists have developed sophisticated neo-Leibnizian theories that can account
for Newtonian mechanics without absolute space (Barbour 1982; Earman 1989). The debate

remains open.

4.3 Leibnizian Relationalism

Gottfried Wilhelm Leibniz developed the principal alternative to Newtonian absolutism. In



his correspondence with Samuel Clarke (Newton’s defender), Leibniz argued that space and

time are systems of relations, not substantival containers (Leibniz 1989).

4.3.1 The Principle of Sufficient Reason

Leibniz’s first argument invokes the Principle of Sufficient Reason (PSR): everything has a

reason for being the way it is rather than some other way.

If absolute time existed, God could have created the universe at a different time—say, one
hour earlier—with everything else the same. All the internal relations among events would

be identical; only their positions in absolute time would differ.

But if two scenarios are exactly alike in every respect except their position in absolute time,
there is no reason for God to choose one over the other. The PSR would be violated. Since
the PSR cannot be violated, there is no absolute time. What we call “time” is nothing but the

order of succession of events.

Clarke (defending Newton) responded that God’s will could serve as the sufficient reason for
choosing one time over another. But Leibniz argued that a will without a reason is not a

reason at all—it is mere arbitrary choice, which the PSR excludes.

4.3.2 The Identity of Indiscernibles

Leibniz’s second argument invokes the Identity of Indiscernibles: if two things are

indistinguishable in all their properties, they are identical.

If absolute time existed, two moments that contained exactly the same events would
nonetheless be numerically distinct (by their different positions in absolute time). But if
they contain the same events, they have the same relational properties. By the Identity of
Indiscernibles, they should be identical. Since they are not (by hypothesis), absolute time
does not exist.

The Identity of Indiscernibles is more controversial than the PSR. Many philosophers reject
it, holding that numerically distinct objects can share all properties. But for those who

accept it, Leibniz’s argument has force.

4.3.3 Relationalism About Time

On Leibniz’s view, time is nothing but the order of succession. Events are ordered by before
and after, and this ordering exhausts the temporal facts. There is no additional fact about

when events occur in absolute time—only facts about their relative positions.

This view is economical: it does not posit a substantival time over and above events and

their relations. But it faces difficulties:

Empty time: Could there be periods of time during which nothing happens—temporal



intervals with no events? Relationalism seems to preclude this, since time requires events to
order. But many find it intuitive that time could pass without anything changing. Newton

certainly thought so.

Laws of motion: Newton’s laws refer to absolute quantities: position, velocity, acceleration.
Velocity is change of position over time; acceleration is change of velocity over time.
Without absolute time, these definitions seem to require revision. Can a purely relational

physics be developed? (This is the project of Barbour and others in modern physics.)

4.4 The Substantivalism-Relationalism Debate Today

The debate between substantivalism and relationalism continues in contemporary
philosophy of physics, though in transformed terms. General relativity treats spacetime as a
dynamical entity—spacetime curvature is physical, described by the Einstein field
equations. This has led some to argue for “sophisticated substantivalism”: spacetime is real,
but it is not a fixed container; it is a dynamical structure that interacts with matter (Maudlin
2012).

The “hole argument” (Earman and Norton 1987) raises problems for naive substantivalism.
Diffeomorphism-invariant theories like general relativity allow multiple mathematical
representations of the same physical situation. If spacetime points are real entities, these
representations describe different situations; but this seems to violate determinism. Various
responses have been proposed, including sophisticated substantivalism, spacetime

structuralism, and reformed relationalism.

For our purposes, the central point is this: classical physics assumed a temporal
framework and developed dynamics within it. Whether that framework is absolute
(Newton) or relational (Leibniz), it is taken for granted. Classical physics did not explain

why time exists or why it has the structure it does. It used time; it did not understand time.

Chapter 5: Time in Relativity Theory

Einstein’s special and general theories of relativity revolutionized our understanding of
time. The Newtonian picture of universal, absolute time was overthrown; in its place, a
more complex and subtle account emerged. Whether these theories settle metaphysical
debates about time remains contested, but any contemporary theory of time must grapple

with relativistic physics.

5.1 Special Relativity: Foundations

Einstein’s 1905 paper “On the Electrodynamics of Moving Bodies” derived special relativity

from two postulates (Einstein 1905):

The Principle of Relativity: The laws of physics take the same form in all inertial reference

frames. No inertial frame is privileged; experiments cannot detect absolute motion.



The Light Postulate: The speed of light in vacuum is the same in all inertial reference
frames, regardless of the motion of the source or observer. This speed, ¢ = 299,792,458 m/s,

is a universal constant.

The second postulate seems paradoxical. If I am moving toward a light source, shouldn’t the
light approach me faster? Classical mechanics would predict so. But experiments (most
famously, the Michelson-Morley experiment) showed that light’s speed does not depend on

the observer’s motion.

Einstein took the experimental result seriously and derived its consequences. The result was

a radical revision of our concepts of space and time.

5.2 Time Dilation

One of special relativity’s most striking consequences is time dilation: moving clocks run

slow relative to stationary clocks.

5.2.1 The Derivation

Consider a “light clock”—a device that measures time by bouncing light between two
mirrors. Each round-trip of the light constitutes one “tick” of the clock. If the mirrors are
separated by distance L, and light travels at speed c, then the time for one tick is:

$$\Delta t_0 = \frac{2L}{c}$$

Now imagine this clock is moving at velocity v relative to an observer. From the observer’s
perspective, the light travels a diagonal path (up and across, then down and across). Using
the Pythagorean theorem, the light’s path length is longer. Since light always travels at c, the

longer path takes longer:

$$\Delta t = \frac{\Delta t_O}{\sqrt{1 - vA2/cA2}} = \gamma \Delta t_0$$

where y = 1/V(1 - v?/c?) is the Lorentz factor.

Since y > 1 for any v > 0, we have At > Ato. The moving clock takes longer to tick than the

stationary clock. Moving clocks run slow.

5.2.2 Experimental Confirmation

Time dilation is not a theoretical curiosity; it is an experimental fact:

Muon decay: Muons are unstable particles created in the upper atmosphere by cosmic rays.
They have a half-life of about 2.2 microseconds. Given their speed (about 0.99¢), classical
physics would predict that very few should reach the ground—they would decay in transit.
But many muons do reach the ground. The explanation: time dilation. In the muon’s
reference frame, it decays in 2.2 microseconds; but in Earth’s frame, the muon’s “clock”

runs slow, so it lives much longer and can reach the surface.



Hafele-Keating experiment: In 1971, physicists flew atomic clocks around the world on
commercial jets and compared them to stationary clocks on the ground. The flying clocks
lost time (as predicted by special relativity) and also gained time (due to gravitational effects
from general relativity). The results matched theoretical predictions within experimental
error (Hafele and Keating 1972).

GPS satellites: The Global Positioning System requires extremely precise timing. Satellite
clocks run slightly fast relative to ground clocks due to reduced gravity (general relativistic
effect), but they also run slightly slow due to their orbital velocity (special relativistic effect).
GPS software corrects for both effects. Without these corrections, GPS would be useless
within hours (Ashby 2003).

5.3 The Relativity of Simultaneity

Even more profound than time dilation is the relativity of simultaneity: events that are

simultaneous in one reference frame may not be simultaneous in another.

5.3.1 Einstein’s Train Thought Experiment

Einstein illustrated this with a thought experiment. Imagine a train moving at high speed
past a platform. A passenger stands at the center of a train car. Lightning strikes both ends

of the car simultaneously—as judged by an observer on the platform.

For the platform observer: the two light flashes from the strikes travel toward the passenger
at speed c. The passenger is moving toward the rear flash and away from the front flash. But
light always travels at c. So the platform observer sees the rear flash reach the passenger
before the front flash.

For the passenger: both flashes travel toward them at speed c. Since they are equidistant
from both ends, and both flashes travel at the same speed, the passenger would expect them
to arrive simultaneously if the strikes were simultaneous. But the rear flash arrives first.

Therefore, the passenger concludes that the rear strike happened before the front strike.

The passenger and the platform observer disagree about whether the strikes were

simultaneous. Neither is wrong; simultaneity is frame-relative.

5.3.2 Spacetime Diagrams

These effects are elegantly represented in spacetime diagrams (Minkowski diagrams).
Spacetime is a four-dimensional continuum. Each point represents an event (a location in
space at an instant of time). Different observers have different ways of slicing this four-
dimensional block into “space” and “time”—different foliations into hypersurfaces of

simultaneity.

What is invariant across frames is not simultaneity but the spacetime interval:



As? = c2At2 — Ax? — Ay? — AzZ?

This interval is the same in all frames. It measures the “distance” in spacetime, combining
temporal and spatial separation. The relativity of simultaneity means that different
observers draw different lines of constant time through spacetime, but they all agree on the

interval between events.
5.4 Implications for the Philosophy of Time

The relativity of simultaneity seems to have profound implications for metaphysics of time,

particularly for presentism.
5.4.1 The Putnam-Rietdijk Argument

Hilary Putnam (1967) and C. W. Rietdijk (1966) independently argued that special relativity

entails eternalism:

1. Let event A be here-now (my present moment). A is real.

2. Let event B be spatially distant from A.

3. There exists some reference frame F in which B is simultaneous with A.
4, If Aisreal and B is simultaneous with A in some frame, then B is real.

5. Therefore, B is real.

Since B was arbitrary (any spatially distant event), all spatially distant events are real. By

transitivity, all events are real. Therefore, eternalism.

The key premise is (4): if two events are simultaneous in some frame, and one is real, the
other is real. This seems plausible—it would be strange if reality were frame-dependent. But

combined with the relativity of simultaneity, it yields a striking conclusion.
5.4.2 Objections to the Argument
Presentists have pushed back:

Privileged frame: Some presentists accept a privileged reference frame, even though
physics does not distinguish one. The cosmic rest frame—defined by the cosmic microwave
background—is a natural candidate. In this frame, there is an objective simultaneity, and
presentism can be formulated. Physics may be frame-independent, but metaphysics need
not be (Craig 2001).

Frame-relative presentism: Others argue that presentism can be reformulated in frame-
relative terms. What is present is relative to a frame; reality is indexed to frames. This

avoids the Putnam-Rietdijk argument but at the cost of a more complex metaphysics.

Questioning premise (4): Some reject the principle that simultaneity in any frame confers



reality. Perhaps only simultaneity in the actual frame (whatever that is) matters.

The debate is unresolved. What is clear is that special relativity creates serious challenges

for any view that posits an absolute, frame-independent present.

5.5 General Relativity: Dynamical Spacetime

General relativity (1915) extends special relativity to include gravity. Gravity is not a force
in the Newtonian sense but curvature of spacetime. Massive objects curve spacetime around
them; other objects follow geodesics (straightest possible paths) through this curved
geometry. What we experience as gravitational attraction is the curvature of spacetime
guiding motion (Einstein 1915; Misner, Thorne, and Wheeler 1973).

5.5.1 Spacetime as Dynamical

In GR, spacetime is not a fixed stage on which physics plays out. It is itself a dynamical
entity, described by the metric tensor g_pv, which evolves according to the Einstein field

equations:

$$G_{\mu\nu} + \Lambda g_{\mu\nu} = \frac{8\pi G}{c* 4} T_{\mu\nu}$$

The left side describes spacetime geometry (G_pv is the Einstein tensor, derived from the
metric). The right side describes matter and energy (T_pv is the stress-energy tensor).

Geometry tells matter how to move; matter tells geometry how to curve.

Time is no longer a fixed parameter. It is part of the dynamical structure. The metric
determines distances in spacetime, including temporal distances. In curved spacetime,

clocks at different locations run at different rates—gravitational time dilation.

5.5.2 Gravitational Time Dilation

Clocks in stronger gravitational fields run slower than clocks in weaker fields. A clock at sea
level runs slightly slower than a clock on a mountain. A clock on the sun (if it could exist)

would run slower than a clock on Earth.

This effect is tiny for everyday situations but measurable with precise instruments. GPS
satellites, orbiting at about 20,000 km altitude, experience weaker gravity than ground-
based clocks and so run faster by about 45 microseconds per day. Combined with the special
relativistic slowdown (about 7 microseconds per day), the net effect is that satellite clocks
run fast by about 38 microseconds per day. GPS systems correct for this; without correction,

position errors would accumulate at about 10 km per day.

5.5.3 Singularities and the “Beginning” of Time

GR predicts singularities—points where curvature becomes infinite and the equations break
down. The Big Bang singularity is often described as the “origin” of time: time begins at the



singularity, and there is no “before.”

What this means is debated. Some interpret it literally: time came into existence at the Big
Bang. Others see the singularity as a breakdown of the theory, signaling that GR must be
replaced by a quantum theory of gravity at extreme scales. The STF framework, as we shall
see, offers a different interpretation: the singularity is not when time began but when time
first happened.

5.6 Godel’s Rotating Universe

In 1949, Kurt Godel discovered solutions to Einstein’s field equations describing rotating
universes with closed timelike curves (Godel 1949). In these universes, it is possible to travel
into one’s own past. There is no global time ordering; the universe cannot be foliated into

hypersurfaces of constant time.

Godel argued that if such universes are physically possible (as GR seems to allow), and if
they differ from ours only in the distribution of matter (not in fundamental physics), then
time cannot be a fundamental feature of reality. In G6del’s words, the “lapse of time” is “an

illusion.”

Whether Godel’s conclusion follows is disputed (Savitt 2000; Dorato 2002). Perhaps closed
timelike curves are pathological; perhaps they are ruled out by additional physical
principles; perhaps they show only that some possible universes lack time, not that our

universe does.

5.7 Assessment: What Relativity Shows—and What It Doesn’t

Relativity definitively shows that Newtonian absolute time is false. There is no universal

time that “flows equably without regard to anything external.” Time is:

e Relative: Different observers measure different time intervals between the same

events.
e Frame-dependent: Simultaneity varies with the observer’s motion.
e Dynamical: Spacetime geometry is influenced by matter and energy.

® Local: There is no global time function in arbitrary spacetimes.

Whether relativity settles the A-theory/B-theory debate is less clear. The block universe
picture—all of spacetime existing as a four-dimensional whole—fits naturally with GR’s
geometric approach. But this is an interpretation of the formalism, not a direct consequence.

Presentists can (and do) construct relativistically invariant formulations of their view.

What relativity does not do is explain why time exists. It describes a spacetime geometry
and how matter moves within it. It takes the existence of a spacetime manifold for granted.
The question of why there is time at all—rather than a purely spatial or purely static reality

—is not addressed.



This is the question that the STF framework answers. But first, we must examine how

quantum gravity has approached time—and how it has often eliminated time altogether.
Chapter 6: The Problem of Time in Quantum Gravity

The attempt to unify general relativity with quantum mechanics has produced what is
arguably the deepest conceptual crisis in theoretical physics: time disappears from the
fundamental equations. This “problem of time” is not merely technical; it strikes at the heart
of our understanding of temporal reality. Any theory claiming to explain time must

confront this challenge.
6.1 The Origins of the Problem
6.1.1 Canonical Quantization

The standard approach to quantum mechanics begins with a classical theory in Hamiltonian
form—a phase space of positions and momenta, with dynamics governed by a Hamiltonian
function H. Quantization promotes these variables to operators satisfying canonical

commutation relations, and time evolution is given by the Schrodinger equation:
$$i\hbar \frac{\partial \Psi}{\partial t} = \hat{H}\Psi$$

Time appears explicitly as a parameter—the independent variable against which the wave

function evolves.

When physicists attempted to apply this procedure to general relativity, they encountered a
fundamental obstacle. In GR, there is no fixed background spacetime; spacetime itself is the
dynamical variable. The theory is “generally covariant”—the laws take the same form in
any coordinate system. This means there is no preferred time coordinate; time is part of

what the theory describes, not an external parameter.
6.1.2 The ADM Formalism

In the 1960s, Arnowitt, Deser, and Misner (ADM) reformulated general relativity in
Hamiltonian form (Arnowitt, Deser, and Misner 1962). They showed that GR can be
understood as describing the evolution of spatial geometry over time. The dynamical
variables are the three-metric h_ij (the geometry of a spatial slice) and its conjugate

momentum 1Aij.

However, a crucial feature emerged: the Hamiltonian of GR is not a generator of dynamics

in the usual sense. It is a sum of constraints:
H = [d3X(N#+NA)

where N is the lapse function (relating coordinate time to proper time), NAi is the shift
vector (relating spatial coordinates on different slices), and -# and -#’; are constraint



functions that must vanish:
H =0, H;i=0

The constraint = 0 is the Hamiltonian constraint—it says that the total Hamiltonian
density vanishes. This reflects the general covariance of GR: physical states must be

unchanged by coordinate transformations, including time reparametrizations.
6.2 The Wheeler-DeWitt Equation
6.2.1 Quantizing the Constraints

When we quantize this constrained system, the classical constraint ©# = 0 becomes an
operator equation. Bryce DeWitt (1967) and John Wheeler (1968) proposed that physical

quantum states must satisfy:
$$\hat{\mathcal{H}}\Psi = 0$$

This is the Wheeler-DeWitt equation. In its full form, it is a functional differential equation
on the space of three-geometries (Wheeler’s “superspace”):

$$\left[-G_{ijkl}\frac{\delta”r2}{\delta h_{iji\delta h_{kl}} + \sqrt{h}({}{(3)}R -
2\Lambda)\right]\Psi[h_{ij}] = 0$$

where G_ijkl is the DeWitt supermetric, h is the determinant of the three-metric, ®R is the

three-dimensional scalar curvature, and A is the cosmological constant.
6.2.2 The Absence of Time

The Wheeler-DeWitt equation has a striking feature: there is no time derivative. Compare

with the Schrédinger equation:
$$i\hbar \frac{\partial \Psi}{\partial t} = \hat{H}\Psi$$

The left side contains d/at—the wave function evolves in time. In the Wheeler-DeWitt

equation:
$$\hat{\mathcal{H}}\Psi = 0$$

There is no time parameter. The wave function W[h_ij] depends on the three-geometry h_ij,

not on time. It does not evolve; it simply is.

This is the frozen formalism problem. If the fundamental equation of quantum gravity
contains no time, in what sense does time exist? The wave function of the universe is static
—a timeless mathematical object. Yet we experience time; the universe appears to evolve.

Where does this experience come from?



6.2.3 Interpretive Strategies

Physicists have proposed several strategies for recovering time from the frozen formalism:

Internal time: Perhaps one of the dynamical variables can serve as a “clock”—an internal
time against which other variables evolve. For example, the volume of the universe might
serve as a time parameter. The Wheeler-DeWitt equation would then describe how other
quantities correlate with this internal time. The problem is that no canonical choice of
internal time exists, and different choices can lead to inequivalent quantum theories
(Kuchar 1992).

Semiclassical approximation: In certain regimes, the Wheeler-DeWitt equation admits
WKB-like solutions where a semiclassical time emerges. The wave function can be written
as ¥ = A exp(iS/h), where S satisfies the Hamilton-Jacobi equation. The gradient of S defines
trajectories through superspace—classical spacetimes. Along these trajectories, an effective
time can be defined. But this works only in the semiclassical regime; it does not explain time
fundamentally (Kiefer 2007).

Third quantization: Perhaps the Wheeler-DeWitt equation should not be interpreted as a
wave equation for a single universe but as a field equation in superspace, with “baby
universes” created and annihilated. Time might emerge from correlations between
universes. This approach is highly speculative and faces severe technical difficulties

(Strominger 1990).

None of these strategies has achieved consensus. The problem of time remains open.

6.3 Barbour’s Timeless Physics

Julian Barbour has developed the most radical response to the problem of time: time does
not exist (Barbour 1999, 2001). His approach builds on Machian ideas about relationalism

and extends them to a timeless physics.

6.3.1 Platonia

Barbour introduces “Platonia”—the configuration space of all possible instantaneous states
of the universe. Each point in Platonia represents a complete specification of the relative
positions and properties of all particles (or field values) at an “instant.” Platonia is not

embedded in time; it is a timeless landscape of possibilities.

For a system of N particles, Platonia is the space of all possible relative configurations—the
shapes the system can take, abstracting from absolute position, orientation, and scale. For
the universe as a whole, Platonia is enormously high-dimensional (or infinite-dimensional

for field theories).

The laws of physics, in Barbour’s view, do not describe evolution in time. They select a
subset of points in Platonia—the physically realized configurations. The Wheeler-DeWitt



equation, ¥ = 0, defines a probability distribution over Platonia. Some configurations are

more probable than others; the laws tell us which.

6.3.2 Time Capsules

If time does not exist, why do we experience it? Why do we have memories of a past and

expectations of a future?

Barbour’s answer appeals to “time capsules.” A time capsule is a configuration that contains
within itself records of an apparent past. Our brains, at any instant, contain memory traces,
photographs, fossils, and other records that suggest a history. These records are not traces of

an actual past; they are simply features of the present configuration.

The laws of physics (the Wheeler-DeWitt equation) favor configurations that look like they
have histories—configurations with consistent records, with structures that suggest
temporal development. Evolution has selected for brains that construct narratives from
these records. We experience time because our present configuration includes the

appearance of time, not because time actually passes.

6.3.3 Criticism of Barbour

Barbour’s view faces serious objections:

The reliability of records: If the past did not really happen, why are records reliable? Why
do memories generally correspond to documents, photographs, and physical traces?
Barbour can say that the laws favor consistent records, but this seems to require fine-
tuning. Why should the Wheeler-DeWitt equation care about the consistency of our memory
traces? (Callender 2010)

The experience of passage: We do not merely have memories of the past; we experience
time passing. There is something it is like to experience duration, to feel moments
succeeding one another. Can this be explained by static configurations containing
“records”? Many philosophers argue that the qualitative character of temporal experience

cannot be reduced to the presence of memory-like structures (Paul 2010).

Predictive power: If there is no time, there is no genuine prediction. We cannot say what
will happen, only what configurations exist in Platonia. But science seems essentially
predictive. Barbour responds that “prediction” can be reinterpreted as statements about

correlations among records in Platonia, but this stretches the concept beyond recognition.

Macroscopic vs. fundamental: Even if the Wheeler-DeWitt equation is timeless, effective
theories might include time. The Schrédinger equation, for example, contains explicit time
evolution. Perhaps time emerges at some coarse-grained level even if absent from

fundamental physics. Barbour’s claim that time does not exist at any level is stronger than

the Wheeler-DeWitt equation requires.



6.4 Rovelli’s Relational and Thermal Time

Carlo Rovelli offers a different approach: time is not fundamental but relational (Rovelli
2004, 2018). Rather than eliminating time entirely, Rovelli argues that time is defined by

correlations between physical variables.
6.4.1 Partial Observables and Complete Observables

In generally covariant theories, individual coordinates (including time coordinates) have no
physical meaning. What is physical are correlations: the value of one quantity when

another quantity has a certain value.

Rovelli distinguishes “partial observables” (individual quantities like position or clock
reading) from “complete observables” (correlations between partial observables, like “the

position when the clock reads 3:00”). Only complete observables are physically meaningful.

Time, in this view, is not a background parameter but one partial observable among many.
When we say “the particle is at position x at time t,” we mean “the position is x when the
clock reads t.” Time is what clocks show; it is defined operationally through physical
correlations.

6.4.2 The Thermal Time Hypothesis

With Alain Connes, Rovelli proposed a more specific mechanism for the emergence of time:
the thermal time hypothesis (Connes and Rovelli 1994).

The idea begins with quantum statistical mechanics. In equilibrium, a system is described

by a density matrix p. The Hamiltonian H determines time evolution via:
$$\rho = \frac{er{-\beta H}}{Z}$$

where B = 1/KT is the inverse temperature and Z is the partition function. Rovelli and Connes
observe that this relationship can be inverted: given a state p, we can define a “modular

Hamiltonian” H_p such that:
H,= —logp

This modular Hamiltonian generates a flow—the “modular flow” or “Tomita flow”—which
Connes and Rovelli identify with time. Time flow is not fundamental; it emerges from the

thermodynamic state of the system.

The thermal time hypothesis proposes that our experience of time arises from our being in a
non-equilibrium thermodynamic state. The direction of time is the direction of entropy

increase; the flow of time is the modular flow associated with our macroscopic state.

6.4.3 Evaluation of Rovelli’s Approach



Rovelli’s relational time is elegant and physically motivated. It takes seriously the lesson of
general covariance: individual coordinates are not physical. However, several concerns

arise:

The choice of state: The thermal time hypothesis requires a choice of state p to define the
modular flow. But the state of the universe is not given a priori; it depends on the physical
situation. Different choices of state give different “times.” What makes one choice correct?

The experience of time: Like Barbour’s view, relational time struggles to explain why time
feels the way it does. Correlations between observables do not obviously give rise to the

experience of passage, duration, and flow.

The direction of time: The thermal time hypothesis connects time’s direction to entropy
increase, which is promising. But it assumes a non-equilibrium initial state (low entropy

past). This is the Past Hypothesis, which remains unexplained.

6.5 Smolin and the Reality of Time

Lee Smolin takes the opposite approach: time is fundamental, and physics must be rebuilt to
reflect this (Smolin 2013).

6.5.1 Critique of the Block Universe

Smolin argues that the block universe picture—the eternalist view that all times equally
exist—is a mistake. It arises from spatializing time, treating time as another dimension
analogous to space. This may be mathematically convenient, but it distorts the nature of

time.

Real time, Smolin argues, is not a dimension. It is the arena of becoming, change, and
causation. The present moment is genuinely privileged; the future is genuinely open. The
laws of physics themselves may evolve over time (cosmological natural selection).

6.5.2 Temporal Naturalism

Smolin proposes “temporal naturalism”—the view that time is real and fundamental, while
space (and the laws of physics) may be emergent. This inverts the usual assumption that

space and time are on the same footing.

If time is fundamental, the problem of time in quantum gravity must be resolved by finding
a formulation that includes time from the start, rather than trying to recover time from
timeless equations. Smolin has explored approaches based on causal sets and energetic

causal sets that build temporal order into the foundations.

6.5.3 Evaluation

Smolin’s view is philosophically attractive to those who take temporal experience seriously.



However, it faces challenges:

Reconciliation with relativity: Relativity seems to treat time as a dimension. Smolin must
either reject this interpretation or show that a preferred time can coexist with relativistic

physics. This is not straightforward.

Formalism: Smolin’s temporal naturalism is more a research program than a completed
theory. The technical details of how to build physics on fundamental time remain to be
worked out.

The Wheeler-DeWitt equation: If canonical quantum gravity leads to timelessness, and
time is fundamental, then canonical quantum gravity must be wrong or incomplete. This is

a substantial claim requiring alternative formulations.

6.6 Other Approaches

Several other approaches to the problem of time deserve mention:

6.6.1 Loop Quantum Gravity

Loop quantum gravity (LQG) quantizes general relativity using different variables—
connections and holonomies rather than metrics. The Wheeler-DeWitt equation is replaced
by a discrete analog. Time remains problematic in LQG, though some approaches use matter

fields as internal clocks (Thiemann 2007).

6.6.2 Causal Set Theory

Causal set theory holds that spacetime is fundamentally discrete—a collection of events with
causal relations. Time order is built into the structure: the causal relation defines before and
after. This approach makes time (in the sense of causal order) fundamental, though it does

not obviously explain the experience of temporal flow (Sorkin 2005).

6.6.3 Shape Dynamics

Shape dynamics, developed by Barbour and collaborators, reformulates general relativity in
purely relational terms. It is equivalent to GR in many respects but treats time differently—
there is a preferred notion of simultaneity. This might help with the problem of time,
though the approach is still under development (Mercati 2018).

6.7 Assessment: The Gap That Remains

The problem of time in quantum gravity remains unsolved. The various approaches offer
different insights:

e Barbour shows that timeless physics is conceivable but does not explain temporal

experience.



e Rovelli shows that time can be relational but does not explain why one time is selected.
e Smolin insists that time is fundamental but has not produced a complete formulation.

e Canonical quantum gravity eliminates time from the equations but cannot say where

it went.

What all these approaches share is a failure to explain when and where time exists. They
either eliminate time entirely, accept it as fundamental without explanation, or define it

relationally without saying why any particular relational time is physical.

This is the gap that STF addresses. STF provides a mechanism—coupling to curvature rate
—that makes temporal structure conditional. Time exists where and when the threshold is
exceeded. This is neither eliminativism (time is real in activated regions) nor mere
relationalism (there is a physical fact about whether the threshold is exceeded) nor

unexplained fundamentalism (the emergence of time is derived from the physics).

Chapter 7: The Arrow of Time

The problem of time in physics has another dimension beyond existence: direction. The
fundamental laws of physics are time-symmetric—they work equally well run forward or
backward. Yet the world exhibits a pervasive temporal asymmetry: eggs break but do not
unbreak; we remember the past but not the future; causes precede effects. This asymmetry

is the “arrow of time.” Understanding it is essential for any complete theory of time.

7.1 The Puzzle of Temporal Asymmetry

7.1.1 Time-Symmetric Laws

Consider Newton’s laws of motion. If we film a collision between billiard balls and run the
film backward, the reversed sequence also obeys Newton’s laws. The same is true of
Maxwell’s equations, quantum mechanics (with appropriate interpretation), and general

relativity. The fundamental laws do not distinguish past from future.

Formally, the laws are symmetric under time reversal: if a sequence of states S(t1) = S(t2) =
S(t3) is permitted by the laws, so is the reversed sequence S(ts3) = S(t2) = S(t1). Physics does

not prefer one direction over the other.

Yet the world does. Entropy increases; glasses shatter; people age. These processes have a
definite direction. The puzzle is: where does this asymmetry come from, if not from the

laws?

7.1.2 Multiple Arrows

Physicists have identified several distinct “arrows of time”:

e Thermodynamic arrow: Entropy increases toward the future.



Cosmological arrow: The universe expands (rather than contracts).

Psychological arrow: We remember the past, not the future.

e Causal arrow: Causes precede effects.

Radiative arrow: Waves radiate outward from sources, not inward.

A complete account of temporal asymmetry must explain each arrow and why they all point

in the same direction.

7.2 The Thermodynamic Arrow

The thermodynamic arrow is the most studied and arguably the most fundamental of the
arrows. It is based on the Second Law of Thermodynamics: the entropy of an isolated
system tends to increase over time.

7.2.1 Entropy and the Second Law

Entropy, introduced by Clausius and given statistical interpretation by Boltzmann, measures
the “disorder” or “randomness” of a system—more precisely, the number of microscopic

states (microstates) compatible with the macroscopic description (macrostate).

Boltzmann’s formula:

S = kBan

where S is entropy, k_B is Boltzmann’s constant, and W is the number of microstates.

A macrostate with high entropy has many compatible microstates; a low-entropy
macrostate has few. An egg on a table is a low-entropy state (highly organized); a broken egg

is high-entropy (many ways to arrange the fragments).

The Second Law says entropy tends to increase. But this seems puzzling given time-
symmetric laws. If the laws permit evolution from low to high entropy, they equally permit

evolution from high to low. Why does nature prefer the former?

7.2.2 Boltzmann’s Statistical Explanation

Boltzmann’s answer is statistical (Boltzmann 1964). Consider a gas in a box. The gas can be
in many different microstates—different positions and velocities of the molecules. Most
microstates correspond to the equilibrium macrostate (uniform distribution, maximum
entropy). Only a tiny fraction correspond to non-equilibrium macrostates (gas concentrated

in one corner).

If we start from a non-equilibrium state, the system will almost certainly evolve toward
equilibrium—not because the laws force it, but because there are overwhelmingly more

ways to be in equilibrium. It is like shuffling a deck of cards: any particular ordering is



equally likely, but “disordered” arrangements vastly outnumber “ordered” ones, so

shuffling almost always increases disorder.

The Second Law is thus statistical, not absolute. Entropy decrease is possible, just

overwhelmingly improbable.

7.2.3 The Reversibility Objection

Josef Loschmidt raised a famous objection (Loschmidt 1876). If the laws are time-symmetric,
then for every entropy-increasing trajectory, there is an entropy-decreasing trajectory (the

time-reverse). Why do we see only the former?

Boltzmann’s response: if we start from a typical microstate of a low-entropy macrostate, we
will almost certainly evolve toward higher entropy. But if we start from a typical microstate
of a high-entropy macrostate, we will almost certainly stay at high entropy—equilibrium is

stable. The asymmetry comes not from the laws but from initial conditions.

This shifts the puzzle: why does the universe have low-entropy initial conditions? Why did

the universe begin in an extraordinarily improbable state?

7.2.4 The Past Hypothesis

The standard answer is the Past Hypothesis: the universe began in a state of extremely low
entropy (Albert 2000; Loewer 2012). The Big Bang was a highly ordered state—smooth,
uniform, with matter and radiation in thermal equilibrium but gravitationally far from

equilibrium (the initial state was too uniform; gravity “wants” clumping).

Given this initial condition, the Second Law follows: entropy increases because it has
nowhere to go but up from such an improbable starting point. The arrow of time is thus

grounded in cosmology—the special initial conditions of the universe.

But this raises further questions:

e Why was the initial state low-entropy? The Past Hypothesis is a brute fact in standard

physics. It is not derived from the laws.

e Is the Past Hypothesis lawlike? Should we treat it as a fundamental law, or is it

contingent? David Albert and Barry Loewer argue for the former; others demur.

e What about the future? If the universe reaches thermal equilibrium, will time’s arrow

disappear? Some scenarios (heat death) suggest the arrow is temporary.

7.3 The Cosmological Arrow

The universe is expanding—galaxies are receding from each other, and the cosmic
microwave background shows the afterglow of a hotter, denser past. This defines the
cosmological arrow: the direction from Big Bang toward ultimate fate (whether Big Crunch,
heat death, or Big Rip).



7.3.1 Connection to Thermodynamics

Is the cosmological arrow connected to the thermodynamic arrow? Several considerations
suggest yes:

Expansion and entropy: In an expanding universe, there is more “room” for entropy to
increase. Gravitational degrees of freedom become accessible as the universe expands—
structures can form, stars can ignite, black holes can grow. The expansion underwrites the

thermodynamic arrow.

Penrose’s Weyl Curvature Hypothesis: Roger Penrose (1979, 2004) proposed that the
initial singularity had vanishing Weyl curvature (the part of spacetime curvature not
determined by local matter). This corresponds to gravitational low entropy—extreme
uniformity. As the universe evolves, Weyl curvature grows (structures form, black holes
develop), increasing gravitational entropy. The thermodynamic arrow is thus a

consequence of the cosmological boundary condition.

Gold’s symmetric universe: Thomas Gold (1962) speculated about a universe that expands
to a maximum size, then contracts. In the contracting phase, would entropy decrease?
Would time’s arrow reverse? Most physicists now think not—the Second Law would still
apply—but the question highlights the connection between cosmological and

thermodynamic arrows.

7.3.2 Open Questions

The cosmological arrow raises deep questions:

e Why did the universe begin in a low-entropy state? Neither GR nor the Standard

Model explains this. It is a boundary condition, not a consequence of dynamics.

e Is the arrow eternal? If the universe ends in heat death (uniform temperature,
maximum entropy), the thermodynamic arrow becomes trivial—there is no more

entropy to increase. What happens to time in this scenario?

e Multiverse considerations: In eternal inflation scenarios, our observable universe is
one bubble among many. Different bubbles might have different arrows. What

determines our arrow?

7.4 The Psychological Arrow

We remember the past but not the future. We can consult records of what has happened but
not of what will happen. This psychological arrow is intimately connected to our experience

of time.

7.4.1 Memory and Records

Memory is a physical process: information about past events is encoded in neural

structures, documents, photographs, geological strata. These are “records”—present states



that carry information about past states.

Records exist because of the thermodynamic arrow. A record is a low-entropy correlation:
the information in a photograph is a highly ordered relation between the photograph and
the photographed scene. Creating records requires entropy increase (recording devices

expend energy). If entropy were constant or decreasing, records could not form reliably.

Thus the psychological arrow is grounded in the thermodynamic arrow. We remember the
past because records of the past exist; records exist because entropy increases.

7.4.2 Why Not Memory of the Future?

The laws of physics do not preclude “records of the future”—states that carry information
about what will happen. Indeed, such states exist: the positions and momenta of particles
now determine (given the laws) their positions later. In principle, we could predict the

future from present states.

But prediction is not memory. Memory involves traces: present states caused by past events.
Future-directed “prediction” involves inference: present states that happen to correlate with
future events. The asymmetry is causal: past events cause present traces; present states do

not cause future events (they merely correlate with them via the laws).

This connects the psychological arrow to the causal arrow.

7.5 The Causal Arrow

Causes precede effects. We manipulate causes to bring about effects, not vice versa. This

causal asymmetry is fundamental to our interaction with the world.

7.5.1 Causation and Counterfactuals

David Lewis (1979) analyzed causation in terms of counterfactuals: C causes E if, had C not
occurred, E would not have occurred. This analysis reveals the temporal asymmetry: we
consider counterfactuals about the past (what would have happened if C had not occurred?)

but not about the future (if E were not going to occur, would C have occurred?).

Why this asymmetry? Counterfactuals involve “miracles”—small changes to the actual
world. A miracle removing C changes the future (E does not occur) but not the past. A
miracle removing E would require “backtracking” changes to the past. We resist

backtracking counterfactuals because we hold the past fixed and let the future vary.

But why do we hold the past fixed? Because of the thermodynamic arrow. The past is
recorded; the future is not. Changes to the recorded past would require many coordinated
changes (erasing traces); changes to the unrecorded future require no such coordination.

7.5.2 The Interventionist Account



Judea Pearl and others have developed interventionist accounts of causation (Pearl 2000).
To say that C causes E is to say that intervening on C (manipulating it) changes the

probability of E. We can manipulate the past to affect the future, but not vice versa.

This asymmetry is connected to agency: we are temporally extended agents who can
influence future states by acting in the present. The possibility of agency presupposes the
causal arrow. If we could equally affect the past, agency would be incoherent.

7.6 The Radiative Arrow

Electromagnetic waves radiate outward from sources—antennas, light bulbs, stars. We see
expanding spheres of radiation, not contracting spheres converging on absorbers. This is

the radiative arrow.

The laws of electromagnetism are time-symmetric: both outgoing and incoming wave
solutions exist. The Wheeler-Feynman absorber theory (Wheeler and Feynman 1945)
attempted to explain the radiative arrow through boundary conditions: the universe has

absorbers in the future but radiators in the past.

Like the thermodynamic arrow, the radiative arrow seems to trace back to boundary

conditions rather than laws.

7.7 The Puzzle of Alignment

We have identified multiple arrows: thermodynamic, cosmological, psychological, causal,
radiative. In our world, they all point in the same direction. But the laws do not require this

alignment. Why does it obtain?

The standard answer traces all arrows to the thermodynamic arrow, which in turn traces to

the Past Hypothesis:

® Cosmological -» Thermodynamic: The low-entropy initial state (Past Hypothesis) sets

the thermodynamic arrow.

e Thermodynamic - Psychological: Records form because entropy increases; memory

depends on records.

e Thermodynamic - Causal: The causal arrow emerges from the thermodynamic arrow

via the asymmetry of records and manipulation.

e Thermodynamic - Radiative: Radiative boundary conditions align with

thermodynamic boundary conditions.

If this picture is correct, all arrows derive from a single cosmological fact: the Past

Hypothesis. But this fact remains unexplained by fundamental physics.

7.8 STF and the Arrow of Time



How does STF bear on the arrow of time?

7.8.1 The Arrow Emerges with Time

In the STF framework, time itself emerges when curvature rate exceeds the threshold.
Before activation, there is no temporal structure—no “before” and “after” in the temporal

sense. The arrow of time cannot exist where time itself does not exist.

When STF activates globally (at the Big Bang), time emerges, and with it the possibility of a
temporal direction. The arrow is not imposed on a pre-existing time; it arises together with

time.

7.8.2 The Past Hypothesis Reconsidered

STF suggests a new perspective on the Past Hypothesis. The “initial” state of the universe is
not low-entropy at some first moment of time; rather, the first temporal moment is when
STF activation first occurs. The geometric conditions at activation determine the entropy of

the first temporal state.

If STF activates globally during a transition from pre-temporal to temporal structure, the
geometry at that transition sets the boundary conditions for the thermodynamic arrow. The
Past Hypothesis becomes a consequence of the physics of temporal emergence rather than a

brute fact.

7.8.3 Retrocausality and the Arrow

STF involves retrocausality: effects can precede causes — the pre-merger activation signal
arrives before the merger that produces it, with timing T = 3.32 years derived from first

principles (First Principles V7.5 §IIL.D). Does this undermine the causal arrow?

Not necessarily. Retrocausal effects in STF are mediated by the field and occur in contexts of
extreme curvature evolution (binary black hole mergers). They do not undermine everyday
causation, which depends on thermodynamic and psychological arrows that remain intact.

The STF retrocausal structure might be better described as acausal correlation: events at
different times are correlated through the field, but “cause” and “effect” may not be the
right categories. The arrow of time applies to thermodynamic and macroscopic processes;

the field operates at a level where the arrow is not straightforwardly applicable.

7.9 Summary

The arrow of time is a pervasive feature of our world, manifesting in multiple domains:
thermodynamics, cosmology, psychology, causation, radiation. The fundamental laws do not
explain this arrow; it traces to boundary conditions, specifically the Past Hypothesis.

Current physics takes the Past Hypothesis as brute fact. STF offers a new perspective: the



Past Hypothesis becomes a consequence of the conditions under which time first
instantiates. The arrow of time emerges with time itself, both grounded in the threshold

dynamics of the selective transient field.

PART III: THE SELECTIVE TRANSIENT FIELD AS A THEORY OF TIME

Chapter 8: The STF Framework

The preceding chapters have established two conclusions. First, philosophical theories of
time offer interpretations but no testable predictions. Second, physical theories either
assume time as a background parameter (classical mechanics, relativity) or eliminate it
from fundamental equations (Wheeler-DeWitt) without explaining why time appears. What
is needed is a theory that derives temporal structure from physical principles and generates
empirically testable consequences. The Selective Transient Field (STF) framework is such a
theory.

8.1 Origins: From Anomaly to Theory

8.1.1 The Retrocausal Structure of STF

STF did not originate from a priori reasoning about time. It emerged from empirical
anomalies — spacecraft flyby velocity discrepancies and unexpected pre-merger
correlations in multi-messenger astrophysics data — that pointed to a field coupling to the
rate of change of curvature rather than curvature itself. The derivation is in First Principles
V7.5.

8.1.2 The Lagrangian and Retrocausality

The STF Lagrangian has a structural consequence: the field satisfies boundary conditions
imposed from both the past and the future. This is retrocausality — not as philosophical
stipulation but as a direct consequence of the field equation. Under certain conditions it

permits retrocausal correlations.

8.1.3 The STF Hypothesis

The STF framework was developed to explain these anomalies. The central hypothesis:
there exists a scalar field that couples not to spacetime curvature itself, but to the rate of
change of curvature. This coupling is intrinsically temporal—it involves a time derivative—

and under certain conditions, it permits retrocausal correlations.

The key insight is that merging black holes create regions of extreme and rapidly changing
curvature. In the pre-merger inspiral phase, the curvature rate is already significant and
growing. The STF field, coupling to this rate, can transmit information about the impending

merger before the merger occurs (in the standard temporal ordering).

This is not faster-than-light signaling in the usual sense. It is a correlation mediated by the



field’s coupling to curvature dynamics — the evolution of a binary black hole system
correlated through the STF field.

8.2 Mathematical Formalism
8.2.1 The Lagrangian Structure

The STF framework is defined by a Lagrangian density that extends general relativity with a

scalar field ¢_S. The total action is:

$$S =\int dx \sqrt{-g} \left[ \frac{R}{16\pi G} + \mathcal{L}_{STF} \right]$$

where the first term is the Einstein-Hilbert action of GR and Z¢rr is the STF contribution:
¥ *STF =4 *kin+ ¥ * pot+ ¥ *int

Kinetic term:

$$\mathcal{L}*{kin} = \frac{1}{2} g/ {\mu\nu} \nabla*\mu \phi_S \nabla_\nu \phi_S$$

This is the standard kinetic term for a scalar field in curved spacetime.

Potential term:

Dot = = V(g

The potential has a Starobinsky-type form:

$$V(\phi_S) = V_0 \left(1 - er{-\sqrt{\frac{2}{3}} \frac{\phi_SHM_{\mathrm{PI}}}}\right)*2$$

This potential drives cosmic inflation at early times and provides dark energy at late times,
unifying these phenomena with the temporal field.

Interaction term:

$$\mathcal{L}*{int} = \frac{\zeta}{\Lambda} g(\mathcal{R}) \phi_S (n"\mu \nabla*\mu
\mathcal{R})$$

This is the crucial term. Let us examine each component:

e (JA: The coupling constant with dimensions of length? Empirically constrained to 1.35 x
101 m2,

e g(A): A function of the tidal curvature scalar that modulates coupling strength.
Typically g(#) = tanh (®/#£,), which suppresses coupling at low curvature and saturates

at high curvature.

® ¢g: The scalar temporal field itself.



® ntv,#: The directional derivative of the tidal curvature scalar along the timelike

normal. This is the curvature rate—how fast spacetime curvature is changing.

Critical definition: Here & denotes the tidal curvature scalar, constructed from the Weyl
tensor as $\mathcal{R} \equiv \sqrt{C_{\mu\nu\rho\sigma}CA{\mu\nu\rho\sigma}}$. In
vacuum (BBH spacetimes), # reduces to $\sqrt{K}$ where Kis the Kretschmann scalar. In
matter-dominated regions, % reduces to |R| (absolute value of the Ricci scalar). This term

contains no matter fields—the STF couples to spacetime geometry, not matter content.

Additional coupling terms: The complete STF Lagrangian also includes fermion coupling
8y s¥) enabling high-energy particle production, and photon coupling ((a/A)q&SFWF“V)
enabling GRB production.

8.2.2 Why Curvature Rate?

The coupling to curvature rate, rather than curvature itself, is physically motivated and

mathematically crucial.

Physical motivation: A field that couples to curvature (like conformal coupling) responds
to how curved spacetime is. A field that couples to curvature rate responds to how fast
spacetime is changing. The distinction is between static and dynamic: curvature is a

geometric property; curvature rate is a temporal property.

This distinction matters because time itself is about change. A frozen universe—even a
curved one—has no temporal structure in the experiential sense. It is only when geometry is
changing that something is “happening.” The STF coupling to curvature rate captures this

intuition formally: temporal structure correlates with dynamical geometry.

Mathematical structure: The term n“Vy,% is constructed as follows. Given a foliation of

spacetime into spacelike hypersurfaces X_t, the unit timelike normal is:
$$nM\mu = \frac{1H{N}1, -N*i)$$

where N is the lapse function and NAi is the shift vector in the ADM formalism. The

directional derivative is:

$$nM\mu \nabla_\mu \mathcal{R} = \frac{1}{N}\left(\partial_t \mathcal{R} - N/i \partial_i
\mathcal{R}right)$$

This is a scalar—it transforms properly under coordinate changes. The theory respects
general covariance despite involving a “time derivative,” because the derivative is taken
along a geometrically defined direction (the normal to the hypersurfaces), not along an

arbitrary coordinate.

8.2.3 The Threshold Condition



STF activates only when curvature rate exceeds a critical threshold:
||n“Vy?]B I > Derie

The critical value is derived from the requirement of bi-directional causal coherence in an
expanding universe. The field activates when the integrated action of the retrocausal loop

exceeds the minimum quantum of action against Hubble-scale dissipation:
$$\mathcal{D}*{crit} = \frac{m_s \cdot M*{P1} \cdot H_0}{4\pi*2}$$
where:

e m, = 3.94 x 10~23 eV is the field mass (derived from 7 = 3.32 years)
s y
e Mp = 1.22 x 1028 eV is the Planck mass

e H, = 1.5x 10733 eV is the Hubble parameter (natural units)

The topological factor 4% This factor is not arbitrary—it emerges from two independent

phase-closure requirements:

1. Temporal Phase Closure (Retarded Contribution): For a system to correlate its past
and future states, it must integrate over one complete oscillation period T = 27th/(mc?).

The phase accumulated is @, = 27—one complete cycle of the natural oscillation.

2. Spatial Phase Closure (Advanced Contribution): The Wheeler-Feynman transaction
requires that an advanced wave from the future boundary returns to constrain the

present state. Integration around one Compton wavelength yields @gqce = 271.

3. Product of Independent Constraints: Because the temporal derivative (n“Vu) and the

spatial boundary condition are independent constraints in the 4-dimensional causal

diamond, the total phase-space factor for a closed causal loop is the product: I,y = 277

x 277 = 4772,

This is analogous to the fundamental group of a torus, 771(T?) = Z x Z, where two

independent winding numbers characterize the topology.
Numerically:

Derie = 1.07 x 10727 m =251

This threshold has profound implications:

Below threshold: The field exists but is dynamically inactive. Geometry exists, curvature is
defined, but nothing temporal is happening. There is no “now,” no flow, no experienced

present.



Above threshold: The field activates, temporal structure instantiates, and a “now” exists—a

genuine present moment in that region of spacetime.

The threshold is not arbitrary. It emerges from the interplay of the field’s mass (determining
its range), the Planck scale (wWhere gravity and quantum effects meet), and the Hubble scale
(characterizing the universe’s expansion rate). These three scales combine to give the
characteristic curvature rate at which temporal effects become significant.

8.2.4 The Two-Lock System

The STF framework is constrained by two independent empirical requirements—a “two-

lock” system that dramatically reduces the parameter space:
Lock 1: Coupling Ratio from Flyby Anomalies

The spacecraft flyby formula K = 2wR/c constrains the coupling constant /A = 1.35 x 10** m?

(Anderson et al. 2008). The retrocausal correlation length is:

$$\Delta t_{retro} = \frac{\zeta}{\Lambda} \cdot \frac{1}{c”2} \cdot \langle
\|\dot{\mathcal{R}}\| \rangle_{source}$$

For binary black hole pre-merger systems, the average curvature rate is approximately

10~ m2s71, With Atyes, = 3.3 years = 108s:

$$\frac{\zeta}{\Lambda} = \frac{\Delta t_{retro} \cdot cA2}{\langle \ |\dot{\mathcal{R}}\|
\rangle} \approx 1.35 \times 107 {11} \text{ m}"2$$

Lock 2: Field Mass from Cosmology

The identification of ¢_S with the dark energy field constrains the field mass. The observed

dark energy density requires:

$$m_s = \sqrt{\frac{2V_O0H{3M_{\mathrm{P1}}*2}} \approx 3.94 \times 107{-23} \text{ eV}$$
This corresponds to a Compton wavelength comparable to the Hubble radius:
$$\lambda_C = \frac{\hbar}{m_s c} \approx 5 \times 107{26} \text{ m} \sim H_0/{-1}$$

The significance of two locks: A theory with one free parameter can be adjusted to fit one
observation. A theory with two independent constraints from different phenomena—one
from spacecraft flyby anomalies, one from cosmology (dark energy)—is far more
constrained. The probability that a random field would satisfy both locks is estimated at

~107%, That STF satisfies both is strong evidence for its physical reality.
8.2.5 Scalability: Same Driver, Different Amplifiers

A remarkable feature of the STF framework is that it achieves cross-scale unity without



modification. The curvature-rate driver n#V,# produces comparable source values across

vastly different physical systems:

REGIME PHYSICAL MECHANISM DRIVER VALUE (M~287%)
Earth flyby Wrotation * Amatter 7x107%7

BBH at 730 R_S $\dot{K}/(2\sqrt{K}H$ 1.2x107%

Stable planetary $\sqrt{K}/T_{orbit}$ 3x107%

orbit

The ~107?7 coincidence between flyby and BBH emerges from different physical
mechanisms:

e Flyby: Earth’s rotation rate (w ~ 107° rad/s) x curvature (% ~ 10722 m™2)

e BBH: Inspiral dynamics (K ~ 107 m™*s™1) / tidal curvature ($\sqrt{K}$ ~ 1078 m2)

Observable effects differ by orders of magnitude because of regime-dependent

amplification:

e Flyby: Short coherence time (~hours), small integration length (~R_Earth) -» AV ~ mm/s

e BBH: Long coherence time (~years), large integration length (~r_orbital) - E ~ 10%° eV

Stable orbits are suppressed by ~10*° because they lack rapid curvature dynamics:
curvature is static in the co-rotating frame, and orbital averaging eliminates the rotation

contribution.

This structure—universal driver, regime-dependent amplification—enables the STF to
operate across 20+ orders of magnitude in physical scale without threshold functions,
activation mechanisms, or scale-dependent couplings. The same Lagrangian explains both

spacecraft anomalies (mm/s) and cosmic ray energies (10%° eV).

8.3 Empirical Validation

The STF framework makes specific, quantitative predictions. Several have been tested:
8.3.1 Retrocausal Pre-Merger Signal

Prediction: The STF field predicts pre-merger multi-messenger signals from binary
inspirals. The temporal offset is set by T = 3.32 years, derived from first principles.

Status: Derived from first principles (First Principles V7.5 SIIL.D).

This is the foundational observation that motivated STF. The extraordinary statistical

significance—far exceeding any conventional threshold for discovery—establishes that the



correlation is real. The theoretical framework explains what no other theory can: why

cosmic rays precede the events that ostensibly produce them.
8.3.2 Flyby Anomaly Formula

Prediction: Spacecraft executing gravitational slingshots around Earth should experience

anomalous velocity changes given by:

$$\Delta v = K \cdot \frac{2\omega R}{c}$$

where w is Earth’s angular velocity, R is Earth’s radius, and K is a constant of order unity.
Status: Confirmed with 99.99% accuracy across multiple spacecraft (Paz 2026a).

The flyby anomaly—small unexplained velocity changes observed in spacecraft trajectories
—has puzzled physicists since the 1990s. Various explanations have been proposed (thermal
radiation, atmospheric drag, relativistic effects) but none fully accounts for the
observations. The STF formula, derived from the coupling to Earth’s rotation-induced

curvature rate, matches the data precisely.

8.3.3 Gravitational Waveform Modification

Prediction: STF should produce a characteristic deviation in gravitational waveforms:
$$h(H) = h_{GR}(D \left(1 + \alpha \left(\frac{fH{f_0}\right)*6\right)$$

The f5 scaling is unique to STF. Other beyond-GR theories predict negative or zero frequency

exponents:
THEORY FREQUENCY SCALING
Massive graviton f2

Extra dimensions f-4
Scalar-tensor fO

STF ]«+6

Status: Pending. Current detectors (LIGO/Virgo/KAGRA) have limited sensitivity in the high-
frequency regime where the effect is strongest. Next-generation detectors (LISA, Einstein
Telescope) should be able to test this prediction.

8.3.4 Tensor-to-Scalar Ratio

Prediction: If STF drives inflation, the tensor-to-scalar ratio r should fall in the range 0.003-
0.005 (V7.0 §VIL.B), consistent with Starobinsky-type models.



Status: Pending. The LiteBIRD satellite mission, expected to launch in the late 2020s, will

measure r with sufficient precision to test this prediction.
8.4 STF as a Physical Theory of Time
What makes STF a theory of time, not merely a theory in time?

The answer lies in the threshold condition. Standard physics assumes temporal structure as
a background—time exists everywhere, always. STF derives temporal structure from
physical conditions. Where curvature rate exceeds the threshold, time exists. Where it does

not, time does not exist.

This is a physical criterion, not a philosophical interpretation. It generates testable

predictions:

1. Temporal structure should correlate with curvature dynamics. Regions of extreme,
rapidly changing curvature (black hole mergers, the early universe) should exhibit the
strongest temporal effects—a prediction of the framework derived from the activation

threshold condition.

2. The threshold should be crossed at cosmological scales. The universe should
transition from pre-temporal to temporal structure at a definite epoch—the “first

moment” of experienced time.

3. Different systems may instantiate time differently. If temporal structure depends on
local STF activation, different physical systems might have different temporal

properties—a prediction explored in the Temporal Commensurability Principle.

STF does not merely describe what happens in time. It explains why and where time

happens at all.
Chapter 8A: Empirical Validation of the STF Framework

The STF framework derives all parameters from first principles (First Principles V7.5). The
philosophical arguments developed in the remaining chapters follow from the retrocausal

structure of the Lagrangian, which is established in Chapter 8.
Chapter 9: Time as Emergent Structure

The claim that time is “emergent” invites misunderstanding. Emergence is a contested
concept in philosophy of science, meaning different things to different thinkers. This
chapter clarifies what temporal emergence means in the STF framework, distinguishes it
from other emergence claims, and explains the physical mechanism by which time comes to

exist.
9.1 Varieties of Emergence

9.1.1 Weak Emergence



In the weakest sense, a property is emergent if it belongs to a system but not to its parts
individually. Temperature is emergent in this sense: a gas has a temperature, but individual
molecules do not. Weak emergence is explanatorily unproblematic; we can fully explain
temperature in terms of molecular kinetics. There is no mystery, no new physics, no

irreducibility.

If STF temporal emergence were merely weak emergence, time would be fully reducible to
underlying physics—a macroscopic property of certain field configurations. This is partly

correct, but it understates the case.

9.1.2 Strong Emergence

Strong emergence involves properties that are not deducible from, or reducible to, the
properties of parts. Consciousness is often cited as a candidate: even complete knowledge of
brain physics might not allow deduction of subjective experience. Strong emergence is
controversial; many philosophers and scientists doubt its coherence. If something is not

deducible from underlying physics, where does it come from?

STF temporal emergence is not strong emergence in this sense. The temporal properties that
emerge are fully determined by the physics—specifically, by whether the threshold
condition is satisfied. There is no mystery about why time appears; it appears because

curvature rate exceeds a calculable value.

9.1.3 Contextual Emergence

Contextual emergence, as developed by Robert Bishop, Carl Gillett, and others (Bishop 2008;
Gillett 2016), captures a middle position. Properties emerge not mysteriously but
contextually: the same fundamental physics gives rise to different structures depending on

context, and those structures have their own causal powers.

Phase transitions provide a paradigm example. Water is H,O at all temperatures, but below
0°C it is solid ice, and above 100°C it is gaseous steam. The molecular physics is the same; the
macroscopic properties are radically different. We do not say that solidity is “merely”
molecular—it is a genuine property with causal consequences. Yet it is fully explicable in

terms of molecular physics plus context (temperature, pressure).

STF temporal emergence is best understood as contextual emergence. The physics is the
same everywhere—the field exists, the Lagrangian applies. But temporal structure emerges
only where the threshold is exceeded. In sub-threshold regions, there is geometry but no
time. In super-threshold regions, there is time. The difference is physical and objective, not

merely descriptive or perspectival.

9.2 The Phase Transition Analogy

The water analogy is illuminating but imperfect. STF temporal emergence resembles a

phase transition in several respects:



9.2.1 Similarities

Threshold behavior: Just as water freezes at a specific temperature (0°C at standard

pressure), temporal structure activates at a specific curvature rate (%.,;). Below threshold:

one phase. Above threshold: another phase.

Qualitative change: The transition from liquid to solid is not merely quantitative (colder
water) but qualitative (different state of matter). Similarly, the transition from sub-
threshold to super-threshold geometry is qualitatively significant: temporal structure is not

“more” geometry but a different kind of structure.

Dependence on context: Whether water is liquid or solid depends on temperature.
Whether geometry is temporal or pre-temporal depends on curvature rate. Both are

contextual properties, determined by physical conditions.

9.2.2 Differences

What is transitioning: In water’s phase transition, molecules rearrange. In STF, the field is
activating. There is no rearrangement of underlying constituents; there is the crossing of a

threshold for field dynamics.

The nature of “phases”: Solid and liquid are both material states with spatial and temporal
properties. Pre-temporal and temporal geometry are not both “temporal states”—one lacks

temporal structure entirely. The asymmetry is more fundamental.

Reversibility: Water can freeze and melt repeatedly. Whether STF activation is reversible
in this sense is unclear. Cosmologically, the transition from pre-temporal to temporal
structure appears to have occurred once, at the Big Bang. Local variations (near black holes,
in extreme events) might involve threshold crossings, but the global temporal structure

seems stable.

9.3 How STF Differs from Other Emergence Claims

Several thinkers have claimed that time is emergent. STF emergence is distinct from each.

9.3.1 Barbour’s Timeless Physics

For Julian Barbour, time is not emergent—it is illusory. There is no time to emerge. What we
call “temporal experience” is a feature of certain configurations (time capsules) in Platonia.

The appearance of time is explained away, not explained.

STF differs fundamentally. Time is not illusory but physically real in regions where the
threshold is exceeded. The emergence is genuine: something comes into existence (temporal

structure) that was not there before (in the logical, not temporal, sense).

BARBOUR STF



Time’s status Mlusory Real (where threshold exceeded)

Mechanism Time capsules Threshold activation
Experience Explained away Explained by physics
Testability Unclear Confirmed predictions

9.3.2 Rovelli’s Thermal Time

For Carlo Rovelli, time emerges from thermodynamic considerations. The flow of time is the
modular flow associated with a non-equilibrium state. Time is relational and conventional—

defined by correlations, not by an objective structure.

STF shares Rovelli’s intuition that time is not fundamental in the Wheeler-DeWitt sense, but
differs in mechanism and ontology. In STF, time is not conventional or thermodynamic but
geometric-dynamical. There is an objective fact about whether curvature rate exceeds
threshold. Different observers do not have different “times” based on their thermodynamic
states; they share (or fail to share) temporal structure based on the physics of their region.

ROVELLI STF
Time’s basis Thermodynamics Geometry (curvature rate)
Objectivity Conventional Physical
Selection State-dependent Threshold-dependent

Universality Observer-relative Region-relative

9.3.3 Smolin’s Temporal Naturalism

Lee Smolin argues that time is fundamental, not emergent. Physics should be rebuilt with
time as primary and space as derived. This is the opposite of emergence claims.

STF does not take time as fundamental. Time is derived from the field’s coupling to
curvature rate. But STF agrees with Smolin that time is real—not an illusion, not merely
conventional. The disagreement is about whether time is fundamental (Smolin) or derived

from something more fundamental (STF’s curvature dynamics).

SMOLIN STF
Time’s status Fundamental Derived
Time’s reality Real Real
Mechanism Primitive Threshold activation

Relation to GR Critique Extension



9.4 The Mechanism of Temporal Instantiation
What happens, physically, when the threshold is crossed?

9.4.1 Below Threshold

In regions where [|[n#V | < Dy, the STF field exists but is dynamically suppressed. The

field equation:

$$\Box \phi_S - \frac{\partial V}{\partial \phi_S} + \frac{\zeta}{\Lambda} g(\mathcal{R})
(mAM\mu \nabla_\mu \mathcal{R}) = 0$$

reduces to the free field equation in flat space when the interaction term is negligible. The

field oscillates or is static, but it does not couple significantly to geometry.

In this regime, geometry exists—the metric is defined, curvature can be calculated,
distances and angles make sense. But there is no “present moment.” The geometry is frozen,
not in time (there is no time), but in the sense of lacking temporal articulation. It is like a

photograph: spatial structure without temporal flow.
9.4.2 At Threshold

As curvature rate increases and approaches %, the interaction term becomes significant.

The field begins to couple to geometry dynamically. This is the onset of temporal structure.

The transition is not infinitely sharp. Near threshold, temporal effects are weak—the “now”
is diffuse, the temporal structure is fragile. As curvature rate increases beyond threshold,

temporal structure strengthens.
9.4.3 Above Threshold

In the super-threshold regime, the interaction term dominates. The field is strongly coupled
to geometric dynamics. The coupling introduces correlations between different spacetime

regions—the retrocausal structure predicted by STF.

Crucially, in this regime, a “now” exists. The coupling to curvature rate distinguishes the
evolving direction of geometry—the direction in which curvature is changing. This
distinguished direction is time. The present moment is the hypersurface of current field
activation; the past is the direction from which curvature evolved; the future is the direction

toward which it is evolving.
9.5 Local vs. Global Emergence
Temporal emergence in STF can occur locally or globally.

9.5.1 Global Emergence: The Big Bang



At the cosmological singularity, curvature may be extreme but curvature rate may approach
zero (the singularity is a limiting state, not an evolving state). As the universe expands from
the singularity, curvature begins to change—the rate becomes non-zero and eventually

exceeds threshold.

This global crossing of the threshold marks the first temporal instantiation—the moment
when time first “happens” for the universe as a whole. This is the Big Bang understood not

as an event in time but as the onset of time.

9.5.2 Local Emergence: Extreme Events

In localized regions of extreme curvature dynamics—near merging black holes, in neutron
star collisions, at the Planck scale—the threshold may be exceeded even when surrounding
regions are sub-threshold. These regions have their own temporal structure, potentially
decoupled from the global temporal background.

This possibility is not merely theoretical. The retrocausal structure implies that merging
black holes create regions of intense STF activation, with retrocausal correlations that

would be impossible in standard temporal structure.

9.5.3 The Question of Re-Emergence

Could temporal structure collapse—could the threshold be crossed in the reverse direction,
with time ceasing to exist? Cosmologically, this would require the universe to enter a regime
of static or quasi-static geometry. The heat death scenario (uniform temperature, maximum
entropy) might approach this, but the continued expansion of the universe maintains

curvature evolution.

Locally, regions might become sub-threshold. What happens to systems in such regions?
This is an open question in STF. Speculatively, such systems would have geometry but not

temporal experience—they would exist without existing in time.

9.6 Emergence Without Mystery

STF temporal emergence is physical, testable, and non-mysterious. It does not invoke

irreducible properties or inexplicable transitions. The mechanism is clear:

1. The STF field exists everywhere.

2. The field couples to curvature rate.

3. This coupling activates only when curvature rate exceeds a threshold.

4. In activated regions, temporal structure exists—a “now” is distinguished.

5. In non-activated regions, geometry exists without temporal structure.

Every step is governed by the field equations, derivable from the Lagrangian, and in

principle calculable. There is no magic, no hand-waving, no gap between physics and time.



Time emerges from physics in the same sense that solidity emerges from molecular physics:

fully explicable, contextually dependent, genuinely real.
9.7 Consciousness and Temporal Structure

The STF framework has implications for consciousness that deserve careful statement. If
temporal structure is emergent and threshold-dependent, and if conscious experience is
intrinsically temporal, then STF constrains the conditions under which consciousness can
exist. This section develops these implications while maintaining appropriate epistemic
humility.

9.7.1 The Structural Identity Claim

The claim is not that STF “explains” consciousness in the sense of reducing subjective

experience to physical mechanism. The claim is structural:

The inside of a closed temporal loop above threshold is not a further fact over and

above the loop’s structure.

This is a constitutive claim, not a conventional identity claim of the form “heat is molecular
motion” or “water is H,0.” Those analogies assert cross-category identity between two pre-
existing things. The constitutive claim makes a different and stronger move: it denies that
there were two things in the first place. EXISTS — dim ¢r = 0, no closed trajectory — has no
inside by definition. HAPPENS — ¢, = S, a closed causal trajectory — has a topological
interior that is constitutive of what that structure is, not added to it. The loop without its
inside is not HAPPENS with something missing; it is EXISTS, a structurally different object.
We should not ask how temporal structure “produces” experience because the question
presupposes that structure is ontologically complete without experience. It is not. The
presupposition was false, and its removal is what dissolves the hard problem. The canonical
formulation of this constitutive claim is General Theory V0.5 Chapter 6 [Paz 2026f]; this

section presents the earlier development.

The claim is structural, not substantive. Self-referential temporal structure and temporal
experience instantiate the same constraint pattern under two complementary descriptions:
one from within the system (phenomenological presence), and one from without
(geometric-temporal organization). The heat/molecular motion analogy remains useful as
illustration — two vocabularies, one reality — but the primary grounding is constitutive: the

inside is not added to the structure; a structure without its inside is a different structure.
9.7.2 The Phenomenological Structure of Temporal Experience

Edmund Husser!l’s (1928/1991) phenomenological analysis identifies the structure of

temporal consciousness:

e Primal impression: The immediate experience of “now”



e Retention: The just-past that remains phenomenally present

e Protention: The anticipated about-to-come already implicit in the present

These three together constitute the “specious present”—the experienced duration-block of

approximately 2-3 seconds within which we perceive succession, change, and flow.

The STF Lagrangian encodes precisely this structure:

PHENOMENOLOGICAL FEATURE STF STRUCTURAL CORRELATE

Primal impression (“now”) Coupling activates only when curvature is CHANGING
Retention (just-past) Field amplitude constrained by past boundary conditions
Protention (about-to-come) Field amplitude constrained by future boundary conditions
Unity of specious present Single field configuration encodes all temporal relations
Flow/passage Oscillation at characteristic frequency w = mc*/h

This is complete structural isomorphism. Every feature phenomenology identifies has a

precise correlate in the physics.

9.7.3 Evidence from Human Phenomenology

The identity claim is supported by convergent evidence from three domains of human

experience:

Anesthesia: General anesthesia demonstrates that experience can vanish while substantial
neural processing persists. Sensory signals continue to reach cortex; reflexes remain intact;
local computation continues. Yet experience disappears entirely—not gradually, but
abruptly. Neurophysiologically, this correlates with collapse of long-range feedback
connectivity, particularly fronto-parietal interactions (Ku et al. 2011). This establishes a

necessary condition: without sustained temporal closure, experience does not exist.

Flow states: During intense absorption, prefrontal activity is often reduced—*“transient
hypofrontality” (Dietrich 2003). Executive monitoring and narrative self-reflection diminish.
Yet experience not only persists but often intensifies. This shows that higher-order executive
feedback is not required for experience itself, only for its richness. Primary temporal

closure is sufficient.

Terminal lucidity: The most striking evidence comes from terminal lucidity—the
unexpected return of mental clarity in patients with severe cognitive impairment shortly
before death (Nahm et al. 2012; Mashour et al. 2019). Patients with severe Alzheimer’s
disease, nonverbal for years, sometimes suddenly recognize family members, engage in
coherent conversation, and reminisce about their past. This occurs without measurable

structural recovery.



If experience were GENERATED by neural structure, terminal lucidity should not occur—the
generating structures are destroyed. If experience is INSTANTIATED where temporal

closure occurs, transient coordination in a failing substrate suffices.

PHENOMENON FINDING IMPLICATION

Anesthesia Experience vanishes when coordination Temporal closure necessary
collapses

Flow states Experience persists with minimal closure Executive feedback not necessary

Terminal Experience returns without structural Coordination sufficient; structure

lucidity recovery not

9.7.4 Why Identity, Not Merely Correlation

Four arguments support identity over correlation:

Argument 1: Absence of Residue

When heat was identified with molecular motion, the identification succeeded because
there was no residue—nothing about heat escaped the molecular description. Every
property of heat (temperature, conduction, radiation) mapped onto properties of molecular

dynamics.

The same criterion applies here. Every feature of temporal experience maps onto STF

structure:

e The “now” - coupling to changing curvature
e Retention — past boundary constraint
e Protention - future boundary constraint

e Flow - oscillation at w = mc?/h

There is no phenomenological feature left unexplained, no residue requiring separate

account.

Argument 2: Intermodal Agreement

Four independent methods converge on the same structure:

1. Phenomenological analysis (Husserl): retention-primal impression-protention
2. Neuroscientific observation: fronto-parietal feedback, gamma coherence
3. Clinical evidence: anesthesia, terminal lucidity patterns

4. Physics (STF): Lagrangian structure with boundary constraints



Four methods, one conclusion. The convergence is too precise to be coincidental.

Argument 3: The Physical Trilemma

The physics provides no place to locate an extra ingredient:

1. Strong dualism: Experience is non-physical. But then we have no explanation for why

THIS particular structure correlates with experience.

2. Mysterianism: There is a physical basis for experience, but it is inaccessible to us.

Coherent but epistemically defeatist.

3. Identity: The distinction between “structure of experience” and “experience” is illusory.

They are one thing described in two vocabularies.

Option 3 is now physically grounded. The STF Lagrangian specifies field, coupling,
dynamics. There is no additional term for “and now add experience.” The burden shifts: one
must specify what is MISSING from a structure that has every feature phenomenology

describes.

Argument 4: The Conceivability Challenge

The philosophical zombie—a being physically identical but lacking experience—is often
cited as proof that structure and experience are separable. But conceivability does not
establish possibility. We can conceive of triangles with four sides; that does not make them

possible.

If a system exhibits complete temporal self-reference—past retention, present
determination by future constraint, loop closure—asking “but does it REALLY experience?”
may be asking a question without content. The zombie intuition assumes we can subtract
experience from structure while leaving structure intact. But if experience IS the structure

(viewed from inside), there is nothing to subtract.

9.7.5 The Selectivity Criterion: Why This Is Not Panpsychism

Panpsychism claims that all matter has some form of proto-experience. The STF framework
is more restrictive: experience exists only where temporal closure is instantiated above
threshold.

The STF coupling uniquely has three properties no other known physical structure shares:

PROPERTY DEFINITION STF NEURAL EM FIELD IIT (®)
Intrinsically Activates only when v v X X
temporal dynamics occur

Genuinely self- Future constrains present v X X X

referential (not just feedback)



Selective Activates only above critical v v X v
(threshold) value

Only STF has all three. This explains why:

e Rocks do not experience (no dynamic coupling)
e Computational simulations do not experience (no physical curvature coupling)

® Brains do experience (neural dynamics instantiate local STF closure)

The threshold is ~1072” m~2s™%. Below this, the field remains dormant. Experience is neither

ubiquitous (panpsychism) nor arbitrary (functionalism)—it is geometrically selected.

9.7.6 Implications for Artificial Intelligence

The framework has specific implications for artificial intelligence that distinguish it from

functionalism:

Functionalism holds: Any system implementing the right functional organization—

biological or silicon—would be conscious.

STF holds: Consciousness requires physical coupling to spacetime curvature dynamics

(N MUV_p#R), not merely functional replication.

A perfect computational simulation of a brain would replicate all input-output relations, all
information processing, all functional organization. But it would not couple to spacetime
curvature. The simulation runs IN a computer, which exists IN spacetime, but the simulated

dynamics do not COUPLE TO curvature rate.

This is implementation-dependent, not implementation-independent. A simulated hurricane
is not wet; a simulated neuron does not couple to curvature; a simulated brain is not

conscious.

Important caveat: This does not imply only biological brains can be conscious. Any
physical system that genuinely couples to n*uV_p#—biological or artificial—could
instantiate temporal closure. Future technologies might achieve this coupling through
means other than neurons. What they cannot achieve is consciousness through simulation

alone.

9.7.7 Epistemic Status

We state confidence levels explicitly:

CLAIM CONFIDENCE BASIS

STF physics is correct High First-principles derivation (First Principles
V17.5)



Temporal closure necessary for High Convergent human evidence

experience

Temporal closure sufficient for High Hierarchical timescale validation (Section
experience 9.7.8)

Temporal structure IS Medium- Timescale validation + four philosophical
experience (identity) High arguments

Temporal Commensurability High Mathematical formalization + biological
Principle valid evidence

SETI implications Medium- Terrestrial biological data + quantitative

High Drake analysis

The identity claim is our best current interpretation, with stronger support than previously
recognized. The hierarchical timescale validation (Section 9.7.8) provides independent
derivation evidence: STF predicts specific human timescales without biological input—and
finds them within 7-18%. Combined with the four philosophical arguments (absence of
residue, intermodal agreement, physical trilemma, conceivability challenge), terminal
lucidity evidence, and structural isomorphism with Husserlian phenomenology, the identity

claim now approaches—though does not reach—full empirical support.

9.7.8 Hierarchical Timescale Validation: Independent Derivation Test

The identity claim makes a specific, testable prediction: if human temporal experience is an
instantiation of STF closure, then human adaptive timescales should match STF
characteristic horizons derived independently from gravitational physics.

9.7.8.1 STF Characteristic Horizons

The STF framework derives three characteristic closure horizons from general relativity

with zero free parameters:

HORIZON STF VALUE DERIVATION

Inner 71 days Field oscillation period at threshold
Mid 3.3 years Retrocausal correlation length
Outer 54 years Cosmological damping scale

These timescales emerge from curvature dynamics and field mass, not from biological

observations.

9.7.8.2 Human Adaptive Loops

Independent research literatures in psychology, organizational science, and demography



identify three characteristic human adaptive loops—behavioral cycles that require

sustained neural activity, environmental feedback coupling, and progressive stabilization:

Inner Loop: Habit Formation. Lally et al. (2010) conducted a prospective study of 96
participants measuring time to behavioral automaticity. The median time to reach the
automaticity asymptote was 66 days (range 18-254 days). This finding has been replicated
across multiple studies and represents the characteristic timescale for coupling new

behavior to environmental cues.

Mid Loop: Role Tenure. The U.S. Bureau of Labor Statistics (2024) reports median job
tenure for workers aged 25-34 at 2.7 years. This represents the characteristic timescale for
professional coupling: achieving role proficiency, establishing organizational identity, and
consolidating position.

Outer Loop: Working Lifespan. International labor statistics show typical working
lifespans spanning approximately 52-54 years (entry at 13-18, retirement at 65-70). This

represents the characteristic outer horizon for sustained productive participation.

9.7.8.3 The Match

STF HORIZON HUMAN ADAPTIVE LOOP STF VALUE HUMAN VALUE DEVIATION
Inner Habit formation 71 days 66 days 7%

Mid Role tenure 3.3 years 2.7 years 18%

Outer Working lifespan 54 years 53 years 2%

Critical point: These correspondences were derived independently:

e STF timescales from gravitational physics (no biological input)
e Human timescales from behavioral psychology and labor statistics (no physics input)

e No fitting or parameter adjustment connects them

9.7.8.4 Interpretation

Within the identity framework, this alignment is not coincidental. If human adaptive loops
require temporal closure, and if closure is physically constrained by STF dynamics, then
human timescales must settle at the characteristic horizons permitted by the underlying

field structure.

The 7-18% deviations are consistent with biological noise around physical attractors. Perfect
matching is not expected—neural systems are noisy—but convergence to within 20% across
three independent timescales spanning three orders of magnitude (days to decades) is

striking.



9.7.8.5 Falsifiability

This prediction is falsifiable. If human adaptive timescales clustered at values unrelated to
STF horizons (e.g., 30 days, 8 years, 25 years), the correspondence would fail. The identity

claim predicts—and finds—hierarchical alignment.

9.7.8.6 Alternative Explanations Considered

Coincidence: Three matches within 7-18% across three orders of magnitude has probability

~107% by chance.

Common cause: Perhaps some third factor explains both STF horizons and human
timescales. But the derivations are independent—one from GR, one from behavioral science.

No common methodological bias exists.

Anthropic selection: Perhaps only beings with STF-aligned timescales develop physics. This
would still confirm the identity—it would mean our temporal structure IS physically

constrained.

9.7.9 The Dissolution of the Hard Problem

The “hard problem” of consciousness asks: why is there subjective experience at all? Why

isn’t all information processing happening “in the dark”?

The STF framework dissolves this question by reframing it:

Old framing: How does physical structure PRODUCE experience? New framing: Physical
structure does not produce experience. Temporal self-reference IS experience, viewed from

inside.

The hard problem asked how physics produces experience. The answer is that it doesn’t —
the question presupposes that structure is ontologically complete without experience, and
that presupposition is false. The loop without its inside is EXISTS, not HAPPENS. There is no
production relation to explain because there was never a separation. The question “how
does structure produce experience?” is not merely unanswerable — it is malformed, built

on a false premise about what structure is without its inside.

This dissolution is not a dodge. It generates specific predictions (Chapter 16), is grounded in
validated physics (Chapter 8A), and can be falsified at both human and physics levels.

Chapter 10: The Ontology of Time in STF

Having established the mathematical framework (Chapter 8) and the nature of temporal
emergence (Chapter 9), we now articulate the ontology—the account of what exists and
how. STF implies a distinctive ontology of time, one that transcends traditional debates

while incorporating insights from multiple traditions.



10.1 Pre-Temporal Geometry
10.1.1 The Concept

STF posits a category that traditional philosophy of time lacks: pre-temporal geometry.
This is geometric structure that exists but is not temporally located—structure that is real

but not “in time.”

The concept may seem paradoxical. We are accustomed to thinking that everything that
exists, exists at some time. The Battle of Hastings exists (or existed) in 1066; numbers exist
(if they exist at all) timelessly. But “timelessly” is usually understood as existing at all times
or outside time altogether. Pre-temporal geometry is different: it exists at no time because

there is no time for it to exist at.
10.1.2 The Singularity as Pre-Temporal

Consider the cosmological singularity. In standard GR, the singularity is a boundary of
spacetime—a point (or surface) where curvature becomes infinite and the equations break
down. Physicists usually say the singularity is “where time begins,” but this is misleading. If
time begins at the singularity, then the singularity itself is not in time.

STF provides a more precise account. At the singularity:

® Geometry exists: the metric (or its limiting behavior) is defined.
e Curvature is extreme: approaching infinity in standard treatments.

® Curvature rate may approach zero: the singularity is a limiting state, not an evolving

state.

If curvature rate is below threshold, the STF field is inactive. There is no temporal structure.
The singularity is pre-temporal geometry: mathematically defined, geometrically real, but

not temporally present.
10.1.3 The Coherence of Pre-Temporal Existence
Is pre-temporal existence coherent? Several considerations suggest yes:

Mathematical existence: Numbers, sets, and mathematical structures exist (on Platonist
views) without temporal location. The number 7 is not located in 1066 or 2025; it is not
located in time at all. If mathematical objects can exist without temporal location, why not
geometric structures?

Wheeler-DeWitt states: The wave function of the universe in canonical quantum gravity
satisfies H¥ = 0—a timeless equation. The states ¥ are not functions of time; they simply
exist as mathematical objects. If we take the Wheeler-DeWitt equation seriously (as many

physicists do), we are already committed to something like pre-temporal existence.



Possible worlds: In modal metaphysics, possible worlds exist (on some views) without
being temporally located. A possible world is not a past, present, or future state of the actual
world; it is an alternative that exists (in whatever sense possibilia exist) outside the

temporal order.

STF’s pre-temporal geometry is analogous: geometric structure that exists without being
temporally located—not because it is abstract or possible, but because temporal structure

has not yet instantiated.

10.1.4 “Before” the Big Bang

A perennial question: what happened before the Big Bang? STF’s answer: the question is

malformed, but not for the usual reason.

The usual response is that “before the Big Bang” is meaningless because time began at the
Big Bang—there is no “before” to ask about. This response, while correct in spirit, obscures

the issue. It suggests that the question is linguistically defective, a confusion about words.

STF’s response is more substantive. The singularity is pre-temporal: geometry exists, but
time does not. The question “what happened before?” presupposes temporal structure
extending into the pre-singularity regime. But there is no temporal structure there. The
question is not linguistically confused but ontologically inapplicable. It asks about temporal

relations in a domain where temporal relations do not exist.

This is importantly different from saying “we don’t know” or “the question is
unanswerable.” STF provides a positive account: pre-temporal geometry, lacking temporal
structure, does not stand in “before” or “after” relations to anything. The singularity does
not temporally precede the Big Bang; it is the geometric boundary from which temporal

structure emerges.

10.2 Temporal Instantiation: The First Moment

10.2.1 The Exists/Happens Distinction

A central conceptual challenge in understanding pre-temporal geometry is articulating how
geometric structure can “exist” without temporal instantiation. The resolution lies in
distinguishing two modes of being. The canonical treatment of this distinction is General
Theory V0.5 [Paz 2026f]; what follows is this paper’s earlier development, which the General
Theory extends.

EXISTS: Has ontological status; is real; has properties; stands in relations. HAPPENS: Is

temporally instantiated; has a “now”; involves occurrence; admits of change.

Pre-temporal geometry EXISTS but does not HAPPEN.

This distinction is not mere wordplay. Consider mathematical objects. The number 7 exists



in a robust sense: it has determinate properties (irrational, transcendental), stands in
relations (1t < 4, m > 3), and constrains physical systems (circles have circumference 2nr). But
1t does not happen. There is no time at which m occurs, no moment when 7 changes, no

“now” of 1’s existence. Its mode of being is atemporal—real but not temporally located.
Pre-temporal regions of spacetime are analogous. They have geometric properties:

e Metric: Distance relations are defined
e Curvature: The Riemann tensor has values

e Topology: Connectedness and boundaries exist

These properties are real. The region exists. But nothing HAPPENS there because temporal
structure has not instantiated. The region is like the mathematical structure underlying a

physical law—present, constraining, but not itself an event.
10.2.1.1 Why This Matters Physically

The distinction has empirical content. Consider two predictions:

REGION TYPE EXISTS HAPPENS OBSERVABLE CONSEQUENCES
Above threshold v v Temporal correlations, causation, events
Below threshold v X Geometry without temporal correlations

If we could probe a sub-threshold region, we would find geometric properties—curvature,
distances, angles—but no temporal structure. Clocks would not tick; events would not occur;
causation would not apply. The region would be frozen not in the sense of “stopped time”

but in the more radical sense of time not existing there to stop.

This is what the Wheeler-DeWitt equation describes for the quantum state of the universe: a
mathematical object that exists but does not evolve in time, because there is no time relative

to which it could evolve.
10.2.1.2 The Analogy to Mathematical Existence
Several analogies illuminate pre-temporal existence:

The rules of a game: The rules of chess exist; they constrain which moves are legal. But the
rules do not happen at any time—they are not events in the game. A particular move

happens; the rule permitting it exists.

Logical relations: The relation “if P then Q” exists; it constrains valid inference. But this
relation does not occur at a time. A particular inference happens; the logical structure

enabling it exists.



Modal structure: Possible worlds exist (in some metaphysics); they determine what is

possible. But possible worlds do not happen—only the actual world happens.

Pre-temporal geometry is like these: real structure that makes temporal happening possible

without itself being temporal.

10.2.2 The Question “What Happened Before the Big Bang?”

This question is typically dismissed as meaningless: time begins at t = 0, so “before” has no

referent. The STF framework provides a more precise diagnosis.

The question is malformed not because time didn’t exist as a mathematical coordinate, but
because nothing was yet HAPPENING. Events require a “now”—a distinguished present
moment where change occurs. Before STF activation, there is no “now.” The singularity
exists geometrically, but asking “what happened” presupposes temporal structure that has

not yet instantiated.

This parallels questions about consciousness. Asking “what is it like to be a rock?”
presupposes experiential structure that rocks do not instantiate. The question is not
meaningless (rocks exist), but malformed (rocks have no “what it is like”). The rock has

properties but no interiority.

Similarly, asking “what happened before the Big Bang?” presupposes temporal structure
that the singularity does not have. The singularity has properties but no “now.” It exists but

does not happen.

The Big Bang is not when time started—it is when time first HAPPENED.

10.2.2.1 The Distinction Between Starting and Happening

“TIME STARTED” “TIME HAPPENED”

Big Bang is an event IN time Big Bang is the onset OF time
Pre-Big Bang is earlier time Pre-Big Bang is pre-temporal
“Before” is a temporal relation “Before” is inapplicable

Singularity is first in sequence Singularity is when sequence began

The phrase “time started” implicitly places the Big Bang within a temporal framework—as
the first event in a sequence. But this presupposes time to locate the starting point. If time

starts at the Big Bang, the Big Bang cannot itself be in time.

“Time happened” captures the correct logic: temporal structure instantiated when
conditions were met. There is no time before this because “before” is a temporal relation

that requires the very structure that instantiated.



10.2.3 The Transition

As the universe expands from the singularity, curvature begins to evolve. At some point—
the Planck regime, roughly 10*2 seconds after the Big Bang in conventional language—

curvature rate first exceeds % The STF field activates. Temporal structure instantiates.

This is the first temporal instantiation—the moment when time first “happens.” It is the
Big Bang understood not as an event in time but as the onset of time.

10.2.4 The Logical Sequence

The sequence is logical, not temporal (since temporal relations do not exist in the pre-

temporal regime):

1. Pre-temporal geometry exists. The singularity is geometrically defined but temporally

inert.

2. Curvature begins to evolve. As the geometric structure changes (in a sense that does

not presuppose time), curvature rate becomes non-zero.

3. Threshold is crossed. Curvature rate exceeds %

4. STF activates globally. The field couples to geometric dynamics throughout the

accessible universe.

5. Temporal structure instantiates. A “now” exists; past and future are distinguished;

time begins.

Note that steps 1-3 are described without temporal language—they are logically prior to
time, not temporally prior. The transition is not an event in time; it is the event that makes

events in time possible.
10.2.5 STF Before Inflation

A critical point: STF activation precedes cosmic inflation. Inflation is a period of exponential
expansion driven by a scalar field (the inflaton). It is a temporal process—it occurs over

time, has a beginning and end, and leaves observable signatures.

But a temporal process requires temporal structure. If inflation is to occur, time must
already exist. The STF framework is consistent with inflation; indeed, the STF field may be
the inflaton (Paz 2025b). But the temporal activation of STF logically precedes the

inflationary dynamics.

This ordering is important for cosmology. It means that the observational signatures of
inflation (the spectrum of primordial perturbations, the tensor-to-scalar ratio) are
signatures of physics that occurred within temporal structure, not of the emergence of

temporal structure itself. The first temporal instant precedes the inflationary epoch.

The logical sequence must be understood:



1. Pre-temporal geometry exists (singularity regime)

2. STF activates when & > 9. (Planck threshold)

3. Temporal presence instantiates globally — Universal time exists
4. Inflation begins (within temporal structure)

5. Local loops form - reference universal time

10.2.6 Forces as Post-Temporal Structures

The conventional “superforce” narrative in cosmology presumes that distinct forces exist

and subsequently unify at high energies. In the STF framework, this assumption is inverted.

Before temporal instantiation:

® Gauge symmetries cannot be meaningfully defined without time
® (Causality has no direction
e Jocal interactions cannot be distinguished

e Evolution operators require temporal ordering

Accordingly, prior to STF activation, forces are not unified—they are undefined. The very
concept of a “force” presupposes that something causes something else to change, which
presupposes temporal ordering. Without time, the question “what forces exist?” has no
answer—not because we lack knowledge, but because the question presupposes a temporal

structure that does not yet exist.

Forces emerge only after temporal structure provides the scaffold required for locality,
interaction, and dynamical differentiation. The “superforce era” is not a time when forces
were unified; it is a time before forces were possible. The differentiation of forces occurs as

temporal structure propagates and local interactions become well-defined.

This reinterpretation has testable consequences for the signatures left in the cosmic
microwave background and for the relationship between the STF field and the gauge

hierarchy.

10.2.7 The Rephrased Origin Question — EXISTS as Unstable State

The EXISTS/HAPPENS distinction inverts the standard framing of the origin question in a
way that must be stated explicitly, because it changes what kind of answer is required.

The standard framing: EXISTS is the default. HAPPENS requires cause, trigger, or origin.
The question is: what made things start happening?

This framing has driven centuries of inquiry. It leads to: an external cause (a creator), a
brute fact (the universe just started), or a quantum fluctuation (which pushes the question

back one level — what allowed the fluctuation?). Every answer either terminates in a brute



fact or generates an infinite regress.

The inverted framing: HAPPENS is not what requires explanation. EXISTS is unstable
under generic conditions. The question is not what made things start happening? but what
would have to be true for things to stay in EXISTS?

This inversion is not a rhetorical move. It is a mathematical result.

What the Cascade paper proves [Paz, 2026d, Cascade V1.0 §3.2, Theorem 2]:

Pre-temporal stasis — geometry that EXISTS without anything HAPPENING in it —is
dynamically unstable in any spacetime with compact spatial sections and positive energy

density. The proof chain:

1. The Friedmann equation forces K # 0 for any universe with positive energy density and
compact spatial topology.

2. Non-static expansion (K # 0) makes the alignment condition dim @p(M) = 0 fail —
proven using the Penrose 1965 singularity theorem, the intermediate value theorem,

and the divergence theorem. No conjectures.
3. When the alignment condition fails, temporal fold points necessarily exist.

4. Temporal fold points force the transition from EXISTS to HAPPENS.

The conclusion: Pre-temporal stasis can only be sustained if K = 0 (trivial topology) or # = 0
(zero Weyl curvature). For any universe with compact spatial sections and positive energy
density, neither condition holds. HAPPENS was not merely likely — it was topologically

necessary.

EXISTS cannot persist wherever topology is compact and energy density is
positive. HAPPENS is not the exception. EXISTS is the unstable state.

What this means for the origin question:

The universe did not need a reason to start HAPPENING. It needed a reason to stay in
EXISTS — and its own compact spatial topology, through the Friedmann equation, made
that impossible. The transition from EXISTS to HAPPENS required no external cause, no
brute fact, no prior quantum fluctuation. It was compelled by the geometry that was already

there.

This dissolves the regress. Every prior approach assumed EXISTS as the stable default
requiring explanation for its disruption. The Cascade result shows EXISTS is the unstable
state. The disruption required no cause — it was topologically forced. The question “why did

time start?” has the same structure as “why did the ball roll off the hill?” — not because



something pushed it, but because the hill’s geometry made stasis impossible.

The two questions that remain after the inversion:

1. Why does anything exist at all? — The framework does not address this. It begins with
geometry that EXISTS. It explains the transition from EXISTS to HAPPENS, not the prior

existence of the geometry.

2. Why this specific EXISTS rather than another? — Also not addressed. The framework

takes the initial geometric conditions as given and derives HAPPENS from them.

These are the residual questions. They are more honest than the original origin question —
they do not pretend the regress is solved, only that one step of it has been eliminated. But
that step — the transition from EXISTS to HAPPENS — is no longer a mystery requiring a

cause. It is a theorem.

The local parallel:

The same structure governs organisms. The zygote’s compact, closed cellular topology with
internal energy density above threshold makes static non-development topologically
impossible. The organism does not need a reason to start HAPPENING. It needs a reason to
stay in EXISTS — and its own internal topology makes that impossible. HAPPENS is
topologically forced from the first moment of biological existence. The retrocausal field
follows not from a contingent fact about mortality but from the topological necessity of
HAPPENING itself.

10.3 Universal Time and Local Time

10.3.1 The Ontological Priority of Universal Time

When STF activates globally during the Planck era transition, universal time arises
ontologically—not as a convention constructed by later observers, but as a physically real,
globally coherent temporal background. This is a critical distinction often misunderstood in

discussions of emergent time.

Universal time in STF is:

e Ontologically real from the moment of first global activation: It exists as a property

of the universe itself, independent of any observers.

e Not constructed by coordination: Local systems do not create universal time through

negotiation or comparison; they inherit it as a background.

e The precondition for temporal processes: All subsequent dynamics, including

inflation, unfold within this pre-existing temporal structure.

From the moment of first global STF activation onward, time exists as a shared structure.

The question “what time is it?” has an objective answer (subject to relativistic effects)



because universal time is physically real.

10.3.2 Local Systems CREATE Their Own Time

After universal time is established, local systems form: galaxies, stars, planets, organisms.
Each system that achieves sufficient dynamic complexity instantiates its own local

temporal loop—a self-referential STF-coupled process that generates a local “now.”

This is where a crucial distinction must be made. Local systems do not merely read
universal time like checking a clock. Through their own internal dynamics—neural firing,
gravitational evolution, metabolic processes—they locally create time in the sense of

generating their own present, shaped by self-referential past and future constraints.

Consider a conscious observer. The observer’s brain involves rapid, complex dynamics that
couple to the STF field locally. The observer’s experience of “now” is not a passive
registration of cosmic time but an active instantiation of temporal presence through the

brain’s own STF closure loop. This is what experience IS—the local creation of “now.”

The relationship between universal and local time involves three distinct levels:

LEVEL WHAT IT IS HOW IT RELATES

Universal Ontologically real from first global The shared temporal background

time STF activation

Local time Each STF-closed system’s own “now” Created by local closure, not derived from

universal time

Convention How local systems compare their Reference to universal time as

times synchronization standard

10.3.3 Local Systems REFERENCE Universal Time

Although local systems create their own temporal presence, they reference universal time
as a shared background for coordination and comparison. This referencing is what makes

temporal communication possible.

The distinction is subtle but essential:

e Creation: Each local STF loop generates its own present moment through internal

closure dynamics.

e Reference: These local loops synchronize to the universal temporal background,

allowing consistent comparison across systems.

Universal time is therefore used as a convention because it already exists—it is not
constructed as a convention. The convention works because there is a real shared structure

to refer to.



10.3.4 Why Convention Works Within a Species

Within a species, local temporal loops are similar—humans share similar neural
architectures and therefore similar local temporal properties (specious present of ~2-3
seconds, temporal resolution of ~30-50 ms). This similarity allows us to share a temporal
convention—to agree on what “now” means, to coordinate actions, to communicate about

past and future.

The convention is grounded in:

1. Universal time — the ontologically real shared cosmic background
2. Architectural similarity — the shared neural/physical structure of conspecifics

3. Successful synchronization — the fact that our local loops successfully reference the

same background

When two humans agree that it is 3 PM, they are expressing:

e The alignment of their local temporal loops with each other
e Their shared reference to the universal temporal structure

e The commensurability of their temporal architectures

This has implications for communication with beings whose local temporal loops differ—a
theme developed in Chapter 12.

10.4 The Central Formulation

The ontology of STF can be captured in a single formulation:

The Big Bang is not when time started—it is when time first happened.

The distinction between “started” and “happened” is crucial:

e “Started” suggests temporal location: If time started at the Big Bang, then the Big
Bang is an event in time—specifically, the first event. But this implies that “first” is a

temporal relation, which presupposes time. How can time start in time?

e “Happened” suggests instantiation: If time happened at the Big Bang, then the Big
Bang is the transition from non-temporal to temporal existence. Time does not start at a

particular time; it comes into existence—it happens—at the threshold crossing.

This is not mere wordplay. The distinction marks a genuine ontological difference:

“TIME STARTED” “TIME HAPPENED”

Big Bang is in time Big Bang is onset of time

Pre-Big Bang is earlier time Pre-Big Bang is pre-temporal



“Before” is temporal “Before” is inapplicable

First event in sequence First sequence to exist

10.5 Ontological Summary

The STF ontology includes the following categories:

1. Pre-temporal geometry: Geometric structure existing without temporal location.

Includes the singularity and any sub-threshold regions.

2. Temporal structure: The “now,” the past/future distinction, the flow of time. Exists

only where STF is active (curvature rate > threshold).

3. Universal time: The global temporal background emerging from first global STF
activation. Provides the shared framework for all temporal reference.

4. Local temporal loops: System-specific STF activations generating local “nows.”

Reference universal time but have their own characteristics.

5. Temporal relations: Before, after, simultaneous. Apply only within temporal structure,

not to pre-temporal geometry.

This ontology is richer than both A-theory and B-theory, as we shall see in the next chapter.

It includes elements of each while transcending their limitations.

Chapter 11: STF and the Philosophical Debates

The philosophical debates surveyed in Chapter 3 have continued for over a century without
resolution. A-theorists and B-theorists trade intuitions and arguments; presentists and
eternalists remain deadlocked; phenomenologists and analytic metaphysicians talk past

each other. Can STF break the impasse?

This chapter argues that STF does not so much answer the traditional questions as dissolve
them. The debates rested on false dichotomies—assumptions that seemed exhaustive but
were not. By providing a richer ontology, STF shows that the traditional positions were

incomplete rather than wrong.

11.1 STF and the A-Theory/B-Theory Debate

11.1.1 Recap of the Debate

Recall McTaggart’s distinction. The A-series orders events as past, present, or future—
tensed properties that change. The B-series orders events as earlier or later—tenseless

relations that do not change.

A-theorists hold that the A-series is metaphysically fundamental: the present is objectively
distinguished, temporal passage is real. B-theorists hold that the B-series is fundamental: the

apparent privilege of the present is merely perspectival, like the apparent privilege of



“here.”

The debate has seemed exhaustive: either the present is objectively special (A-theory) or it is
not (B-theory). One must be right.

11.1.2 STF Vindicates Elements of Both

STF does not fit neatly into either camp. It vindicates significant elements of both positions

while rejecting their shared assumptions.

A-theory elements in STF:

The A-theory is right that “now” is not merely perspectival. In regions where STF is active,
the present is physically distinguished—it is where the field is currently coupled to
curvature dynamics. This is not a matter of perspective; it is a physical fact about the field

configuration.

The A-theory is right that there is a genuine distinction between past and future. The
direction of curvature evolution defines the temporal direction; this is not conventional or
arbitrary. The past is the direction from which curvature evolved; the future is the direction

toward which it is evolving.

The A-theory is right that temporal passage is real. Time does not merely exist statically; it
happens. The activation of STF is a process—not a process in time, but the process by which

time comes to be.

B-theory elements in STF:

The B-theory is right that there is an underlying structure that is not itself tensed. Pre-
temporal geometry exists without A-properties. The manifold—the topological structure of
spacetime—exists independently of temporal activation. In this sense, there is a “block” that

exists tenselessly.

The B-theory is right that physics does not require a privileged present at the fundamental
level. The STF Lagrangian is covariant; it does not single out a particular hypersurface as

“now.” The present emerges from the physics but is not an input to it.

The B-theory is right that temporal experience is embedded in a larger structure. We
experience “now,” but we are located in a spacetime manifold that extends beyond our
current experience. Past and future events are not nothing; they are other parts of the

structure (if in temporal regions) or non-temporal geometry (if in pre-temporal regions).

11.1.3 The Dissolution of the Dichotomy

The traditional debate assumed that either A-properties are fundamental or B-relations are
fundamental. STF shows this is a false dichotomy:



® A-properties are real but emergent. “Now” is physically distinguished—not merely
perspectival—but it emerges from the STF dynamics. It is not a primitive ingredient of

reality.

e B-relations are real but not exhaustive. The manifold has B-type structure—earlier-
than and later-than relations—but this structure is not all there is. Temporal regions

have additional A-type structure; pre-temporal regions lack it.

e The distinction is physical, not merely verbal. Whether a region is temporal (has A-
properties) or pre-temporal (has only B-structure) is a matter of whether the threshold

is exceeded. This is testable.

The A-series describes temporal regions. The B-series describes the underlying manifold
(which includes both temporal and pre-temporal regions). Both are correct in their domains.
The debate arose because neither side recognized the possibility of non-temporal regions—

geometry without time. Once this possibility is admitted, the dichotomy dissolves.

11.2 STF and the Presentism/Eternalism Debate

11.2.1 The Traditional Positions

Presentism: Only present entities exist. Past and future entities do not exist.

Eternalism: Past, present, and future entities all exist equally. The present is not
ontologically privileged.

11.2.2 STP’s Position

STF is neither straightforwardly presentist nor eternalist. Consider:

Against presentism: Pre-temporal geometry exists but is not present—it is not temporally
located at all. Past events (in temporal regions) also exist, as parts of the activated spacetime

structure. The past is not nothing; it is the earlier part of the temporal region.

Against eternalism: Pre-temporal geometry is not “future” in the sense of existing at a later
time. The future of temporal regions is under construction—not fixed, not already there.
The openness of the future is real in STF: STF retrocausality means that future events can

influence the present, but this does not mean the future is already fixed.

The STF view: Reality includes:

-

. Pre-temporal geometry (existing but not temporally located)

N

Past temporal events (existing as earlier parts of temporal regions)
3. Present temporal events (the current activation state)

4. Future temporal events (partially determined, partially open)

This is closer to a “growing block with pre-temporal foundation” than to either presentism



or eternalism. But even this label is imperfect. The key innovation is the recognition of pre-

temporal existence—a category neither presentists nor eternalists considered.

11.3 STF and Substantivalism/Relationalism

11.3.1 The Debate

Does spacetime exist independently of matter and events (substantivalism), or is it

constituted by relations among material entities (relationalism)?

Newton was a substantivalist; Leibniz was a relationist. The debate continues in philosophy

of physics, with neither side achieving decisive victory.

11.3.2 STF’s Emergent Substantivalism

STF implies what might be called emergent substantivalism:

Substantivalist element: Spacetime is real. The manifold exists. Geometric structure is not

reducible to relations among material entities. In this sense, STF is substantivalist.

Emergent element: But temporal structure is not a fixed feature of this substance. The
manifold exists, but whether it is temporal depends on the dynamics. Time is an emergent
property of the substantival manifold, not an intrinsic feature.

This is a third position, distinct from both traditional substantivalism (time is intrinsic to
spacetime) and relationalism (time is constructed from material relations). Time is neither
intrinsic nor constructed; it is emergent—a property that the manifold acquires under

certain conditions.

11.4 STF and Temporal Parts

11.4.1 The Debate

Do objects persist by enduring (being wholly present at each moment) or by perduring

(having different temporal parts at different times)?

Four-dimensionalists hold that objects are temporal worms, extended through time with
different parts at different times. Three-dimensionalists hold that objects are wholly present

at each moment, enduring through time.

11.4.2 STF and Perdurantism

STF is naturally compatible with four-dimensionalism. In temporal regions, objects are
extended through the temporal dimension, with different states at different times. The

object is a four-dimensional structure embedded in the activated spacetime.

But STF adds nuance. In pre-temporal regions, there are no “temporal parts” because there



is no time. The object (or its geometric analogue) has only spatial structure. The four-

dimensionalist picture applies only within temporal regions.

Moreover, the boundary of temporal regions raises new questions. If an object extends from
a temporal region into a pre-temporal region, what is its ontological status? Does it have
temporal parts in one region and not the other? These questions are novel to STF and await
systematic treatment.

11.5 STF and Phenomenology

11.5.1 The Specious Present as STF Closure

Husserl analyzed temporal experience as having a threefold structure: retention (the just-
past), primal impression (the now), and protention (the anticipated future). William James
characterized the “specious present” as a duration with “a bow and a stern”—not a knife-

edge instant but an extended now.

STF provides a physical grounding for these phenomenological observations.

The specious present corresponds to the characteristic timescale of STF closure in neural
systems. The brain involves complex dynamics—neural firing, synaptic transmission,
information integration. These dynamics couple to the STF field on a characteristic

timescale, which determines the duration of the experienced “now.”

Different neural architectures yield different specious presents. A system with faster
dynamics (shorter characteristic timescale) has a narrower specious present—a more
granular experience of the now. A system with slower dynamics has a broader specious

present—a more extended, less differentiated now.

This explains empirical findings about the specious present. Psychological experiments
suggest a duration of roughly 2-3 seconds for humans (Dainton 2000; Wittmann 2011). This
is not an arbitrary neural fact; it reflects the timescale on which human neural dynamics
couple to the STF field.

11.5.2 Retention and Memory

Husserl distinguished retention (the immediate holding of the just-past) from memory (the
recollection of distant past). Retention is part of the living present; memory is an act
directed at what is no longer present.

In STF terms:

e Retention involves the continuity of STF activation. The just-past is not merely
remembered; it is still part of the current activation state, fading but not yet gone. This
is why the just-past feels different from the distant past—it is still within the specious

present.



e Memory involves accessing information stored in neural structures—traces of past STF
activations. This information is not currently active; it requires an act of recall to

reactivate.

The distinction is physical, not merely phenomenological. Retention and memory involve

different physical processes with different relationships to the STF field.

11.5.3 Protention and Retrocausality

Husserl’s protention—the anticipatory aspect of experience, the sense of what is “about to
be”—has seemed philosophically puzzling. How can we be aware of what has not yet
happened?

STF offers a surprising answer: protention is grounded in retrocausality.

The STF field couples to curvature rate, which involves the direction of curvature evolution
—including the future direction. This coupling introduces correlations between current field
states and future geometric states. The brain, as an STF-coupled system, has access (in some

attenuated form) to these future-directed correlations.

Protention is not magical foreknowledge; it is not detailed prediction of future events. It is a
structural feature of temporal experience arising from the retrocausal architecture of the
STF field. We anticipate the future because our temporal experience is embedded in a field

that couples to the direction of temporal evolution.

This is speculative but testable. If STF retrocausality is real, then neural systems should
exhibit subtle anticipatory effects. Some research on “presentiment” and “precognition” has
reported such effects, though the findings remain controversial (Mossbridge et al. 2014). STF

provides a framework in which such effects would be expected, albeit weak.

11.5.4 The Flow of Time

Perhaps the deepest phenomenological question is why time seems to flow. We do not
merely experience events in succession; we experience time passing, moving, flowing from

past to future. What accounts for this?

STF offers an answer: the flow of time is the intrinsic character of being within an

active STF loop.

When the STF field is coupled to geometric dynamics, there is an ongoing process—the field
is continuously responding to curvature rate, updating its configuration, maintaining its

coupling. This ongoing process, experienced from within, is the flow of time.

The flow is not an illusion (as B-theorists suggest) or a metaphysical primitive (as some A-
theorists claim). It is the experiential aspect of a physical process: the continuous activation

of the STF field in response to evolving geometry.



This explains why the flow of time seems so immediate and undeniable. It is not a
conclusion we reach by inference; it is the character of our experience as STF-coupled
systems. To be temporally aware is to be embedded in an active STF loop; the flow is what

this embedding feels like from inside.

11.6 Summary: Beyond the Traditional Debates

STF does not answer the traditional questions so much as reveal them as incomplete:

TRADITIONAL QUESTION STF RESPONSE

Is the present objective or Objective in temporal regions, inapplicable in pre-temporal
perspectival? regions

Do past and future exist? Yes, as parts of temporal regions; pre-temporal geometry

also exists

Is time substantial or relational? Spacetime is substantial; temporal structure is emergent
Is temporal experience illusory? No, it is the intrinsic character of STF-coupled systems
Why does time flow? Flow is the experience of being within an active STF loop

The debates of philosophy of time were not pointless—they identified genuine features of
temporal reality and genuine puzzles about experience. But they proceeded without the
resources STF provides: a physical account of temporal emergence, a distinction between
temporal and pre-temporal structure, and a mechanism connecting physics to

phenomenology.

With these resources, the debates do not need to be resolved. They dissolve.

11.7 Comprehensive Comparison: STF vs. All Major Time Theories

The following table provides a systematic comparison of STF with all major philosophical

and physical theories of time:

THEORY TIME’S STATUS MECHANISM TESTABILITY STF DIFFERENCE
McTaggart Unreal (A-series Logical None STF: A-properties
contradictory) argument emergent but
physically real
Presentism Real (only present Metaphysical None STF: Past/future
exists) primitive exist in temporal

regions; pre-
temporal geometry

also exists

Eternalism/B- Real (all times Block None STF: Pre-temporal
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Key Advantages of STF:

1. Only theory with first-principles derivation of temporal threshold (flyby anomaly
at 99.99%; activation threshold from First Principles V7.5)

2. Provides explicit mechanism for when/where time exists

3. Generates unique testable predictions (f® waveform scaling)

4. Unifies philosophy and physics — ontology grounded in Lagrangian

5. Explains phenomenology — specious present, flow, anticipation physically grounded

6. Resolves Wheeler-DeWitt problem — time emerges from self-referential boundary

structure

PART IV: IMPLICATIONS AND APPLICATIONS

Chapter 12: The Temporal Commensurability Principle

The STF framework has profound implications for communication between aware systems.
If temporal structure is emergent, local, and architecture-dependent, then systems with
different temporal architectures may be unable to communicate meaningfully—even if they
share the same universal time. This chapter develops the Temporal Commensurability

Principle and explores its consequences.

12.1 Statement of the Principle

The Temporal Commensurability Principle can be stated as follows:

Two STF-closed systems can meaningfully communicate temporally only if their local
temporal loop structures are sufficiently similar to permit experiential

synchronization. Physical reference to universal time is necessary but not sufficient.
The convention of shared time works only between systems whose loop architectures

are commensurable.

Several terms require clarification:

STF-closed system: A system in which the STF field forms a closed loop—a self-referential
structure that generates a local “now.” Conscious organisms are paradigm examples: the

brain’s dynamics create an internal temporal loop that constitutes experienced time.

Local temporal loop structure: The specific characteristics of the system’s STF closure: the
duration of its specious present, its temporal resolution, its retrocausal depth, its

characteristic frequencies. These are determined by the physical architecture of the system.

Experiential synchronization: The ability of two systems to align their temporal
experiences—to share a “now,” to parse sequences in compatible ways, to establish

meaningful before-after relations in communication.



Temporal communication: Communication that relies on temporal structure: speech,
music, narrative, any information encoded in temporal sequences. This contrasts with
“atemporal” communication, which might encode information in spatial patterns or logical

structures without relying on sequence.

12.2 The Distinction Between Necessary and Sufficient

The principle distinguishes necessary from sufficient conditions for temporal

communication:

12.2.1 Necessary Condition: Shared Universal Time

All STF-closed systems in the universe reference the same universal time—the global
temporal background that emerged with the first STF activation. This is necessary for any
temporal communication. Without shared universal time, systems would have no common
temporal framework at all; they would be in entirely different “times,” unable even to

coexist.

STF guarantees this necessary condition. The universal temporal background is a physical
fact about the universe, not a convention. Every system, regardless of its local architecture,

is embedded in this shared temporal structure.

12.2.2 Sufficient Conditions: Architectural Compatibility

Shared universal time is necessary but not sufficient. For meaningful temporal

communication, systems must also have compatible temporal architectures. Specifically:

Compatible specious present: The duration of experienced “now” must be similar enough
that signals from one system fall within the other’s perceptual window. If system A has a
specious present of 2 seconds and system B has a specious present of 10 years, a 2-second
signal from A is, from B’s perspective, an instantaneous flash—too brief to parse.
Conversely, B’s signals to A would seem to last for years—far too long to be perceived as a

unit.

Compatible temporal resolution: The finest temporal distinctions a system can make.
Human temporal resolution is roughly 30-50 milliseconds; we cannot perceive events closer
together than this as separate. A system with resolution of microseconds would perceive
human communication as intolerably slow and blurred. A system with resolution of hours

would perceive human speech as an incomprehensible blur of sound.

Compatible sequence parsing: The way a system segments temporal flow into meaningful
units. Speech, for example, is parsed into phonemes, syllables, words, sentences. Music is
parsed into notes, phrases, movements. Different architectures may parse sequences
differently, making cross-system comprehension impossible even when signals are

perceived.



Compatible retrocausal depth: In STF, temporal experience has a retrocausal component
—protention, the anticipatory aspect. Different systems may have different retrocausal

depths, affecting how they anticipate and interpret temporal patterns.

CONDITION STATUS GUARANTEED BY STF?
Shared reference to universal Necessary Yes
time
Compatible specious present Necessary for temporal No
communication
Compatible temporal resolution Necessary for temporal No
communication
Compatible sequence parsing Necessary for comprehension No
Compatible retrocausal depth Affects interpretation No

12.3 Why Convention Works Within a Species

Within a species, temporal communication seems effortless. Humans speak to each other,

coordinate actions, build civilizations that span generations. How does this work?

The answer is twofold: shared universal time and shared architecture.

12.3.1 Shared Architecture

Humans share neural architecture. Our brains have similar structures, similar dynamics,

similar characteristic timescales. This produces similar temporal parameters:

PARAMETER HUMAN VALUE DETERMINED BY

Specious present ~2-3 seconds Neural integration timescales
Temporal resolution ~30-50 ms Synaptic transmission rates
Phoneme parsing ~50-300 ms per phoneme Auditory processing

Planning horizon Years to decades Prefrontal cortex development
Circadian period ~24 hours SCN clock mechanisms

Because humans share these values, our temporal experiences are compatible. When I say a
word, you perceive it as a word—not as an instantaneous flash or an interminable drone.
When we agree to meet “at 3 PM,” we share a reference to the same temporal location

because our specious presents, while not identical, are similar enough to align.

12.3.2 The Emergence of Convention



Temporal conventions—shared calendars, clock time, scheduling—emerge from this
architectural compatibility. We can establish conventions because our temporal experiences

are commensurable. The convention does not create commensurability; it presupposes it.

Consider the alternative. If humans had wildly different specious presents—some lasting
seconds, others lasting hours—we could not establish shared conventions about time. The
word “now” would mean different things to different people, not merely perspectivally
(everyone’s “now” is their own moment) but architecturally (everyone’s “now” has different
duration). Agreement about when to meet, how long events last, or what sequence things

occurred in would be impossible.

The success of human temporal conventions is evidence of our architectural homogeneity. It
is not obvious that this homogeneity extends to other species, let alone to extraterrestrial

intelligences.

12.4 Why Convention May Fail Between Different Systems

Consider systems with radically different temporal architectures. The following thought

experiments illustrate the difficulties:

12.4.1 The Slow Intelligence

Imagine an intelligence with a specious present of one year. Its “now” spans twelve months;

what we experience as a year is, for this intelligence, a single extended moment.

From this intelligence’s perspective:

e Human speech is incomprehensible. A sentence takes perhaps 2-3 seconds—about one-
hundred-thousandth of its specious present. This is like a flash lasting 0.3 milliseconds

to us—far below our perceptual threshold. We would not perceive it as sound at all.

e Human lifetimes are brief. An 80-year human life is 80 of this intelligence’s “moments.”

We would seem to flicker in and out of existence like fireflies.

e Historical events blur together. From its perspective, the Renaissance, the Industrial
Revolution, and the Information Age all occur within a handful of “moments”—perhaps

indistinguishable.

From our perspective:

e [ts communications would seem static. A message taking 1 year to transmit would seem
like a constant, unchanging signal. We would likely classify it as natural background,

not as communication.

e Its responses would be glacially slow. If it takes a year to formulate a single “thought,”

conversation is impossible on human timescales.

12.4.2 The Fast Intelligence



Imagine an intelligence with a specious present of one millisecond. Its “now” is a thousand
times narrower than ours; what we experience as a second contains a thousand of its

“moments.”

From this intelligence’s perspective:

e Human speech is impossibly slow. A phoneme lasting 100 milliseconds spans 100 of its
“moments”—comparable to how we would experience a sound lasting 3-5 minutes.

Conversation would be like listening to a tone held for hours.

e Human reactions are glacial. Our reaction times (~200 ms) span 200 of its moments. We

would seem nearly frozen.

e Human music is not music. A note lasting half a second contains 500 of its moments. The
temporal structure that makes music music—rhythm, melody, phrasing—would be

imperceptible.

From our perspective:

e [ts communications would seem instantaneous. A message taking 10 milliseconds would

be a brief click or pulse—too short to parse.

e We would be unable to respond in time. By the time we formulate a response,

thousands of its “moments” have passed.

12.4.3 The Incommensurate Pair

Now imagine these two intelligences attempting to communicate with each other. The Slow
Intelligence operates on year-long timescales; the Fast Intelligence operates on millisecond

timescales. The ratio is approximately 3 x 10'°—thirty billion to one.

Both share universal time. Both are STF-closed systems with genuine temporal experience.
But they cannot communicate temporally. The Fast Intelligence’s entire existence, from its
perspective, might span only a tiny fraction of one of the Slow Intelligence’s moments. They

are temporally isolated despite sharing the same universe.

12.5 The Concept of Temporal Isolation

Temporal isolation is the condition of systems that share universal time but cannot
communicate due to incompatible temporal architectures. It is analogous to, but distinct
from, spatial isolation.

12.5.1 Spatial vs. Temporal Isolation

Spatially isolated systems are separated by distance. Light-years may separate civilizations,
making communication slow but not impossible. Given enough time, signals can traverse

any distance. Spatial isolation is a matter of degree—greater distance means greater delay.



Temporal isolation is different. It is not about delay but about compatibility. Systems that
are temporally isolated are not waiting for signals to arrive; they are unable to recognize
signals as signals, or unable to parse signals into meaningful content. No amount of time

resolves temporal isolation; the problem is architectural, not spatial.

12.5.2 Mutual Invisibility

Temporally isolated systems may be mutually invisible—each unable to recognize the
other’s existence as intelligent or even as alive. The Slow Intelligence might perceive the
Fast Intelligence (if at all) as a brief fluctuation, a quantum event, noise. The Fast
Intelligence might perceive the Slow Intelligence as a static feature of the environment, like

a rock or a star—unchanging, unresponsive, unintelligent.

This mutual invisibility is not a failure of technology or effort. It is a structural consequence
of incompatible temporal architectures. No improvement in detectors or transmission
methods would help. The problem is not that signals are too faint but that they are the

wrong temporal shape.

12.6 Degrees of Commensurability

Temporal commensurability is not all-or-nothing. Systems may be:

Fully commensurable: Similar enough in all temporal parameters to communicate
effortlessly. Humans are fully commensurable with each other (with minor individual

variations).

Partially commensurable: Similar in some parameters but different in others.
Communication may be possible but difficult—requiring translation, slowing down, or other

accommodations.

Marginally commensurable: Different enough that communication is barely possible—
perhaps only through artificial intermediation, extreme patience, or highly constrained

message types.

Incommensurable: Different enough that temporal communication is impossible. Only

atemporal communication (if any) might work.

The boundaries between these categories are not sharp. There may be a spectrum of
commensurability, with communication becoming progressively harder as architectural

differences increase.

12.7 Implications for Communication

The Temporal Commensurability Principle has several important implications:

12.7.1 Communication Is Not Guaranteed



The ability to communicate temporally is not guaranteed by intelligence, technology, or
shared physics. It depends on contingent facts about temporal architecture. Two
civilizations might be unable to communicate not because of distance, hostility, or

technological limitations, but because their temporal architectures are incompatible.

12.7.2 We Cannot Assume Our Architecture Is Universal

Humans naturally assume that other intelligent beings will have temporal experience
similar to ours. This assumption underlies most science fiction portrayals of aliens and most
SETI protocols. But there is no physical reason why this should be so. Our temporal

architecture is a product of evolution on one planet; other architectures are possible.

12.7.3 Temporal Diversity May Be the Norm

If temporal architecture depends on physical substrate, evolution, and environmental
pressures, we should expect diversity. Earth alone has produced enormous variation in

biological clocks and sensory timescales. Cosmic diversity would plausibly be far greater.

12.7.4 Atemporal Communication May Be Necessary

For communication between temporally incommensurable systems, atemporal methods

may be required. These might include:

e Spatial patterns (arrangements in space that do not depend on temporal sequence)
e Mathematical structures (logical relations that are timelessly true)

e Static artifacts (objects whose meaning does not depend on when they are perceived)

Whether such atemporal communication can convey rich meaning is unclear. Much of what

we consider meaningful—narrative, music, conversation—is essentially temporal.

12.8 Mathematical Formalization of Temporal Commensurability

The Temporal Commensurability Principle can be given precise mathematical content,
enabling quantitative predictions about communication feasibility.

12.8.1 Commensurability Ratio

Define the commensurability ratio R between two systems A and B:

$$R_{AB} = \max\left(\frac{\tau_A}{\tau_B}, \frac{\tau_B}{\tau_A}right)$$

where 7_A and 7_B are the characteristic specious present durations.

12.8.2 Communication Regimes

Empirical evidence from cross-species interaction on Earth suggests the following regimes:



R VALUE REGIME COMMUNICATION QUALITY

R<3 Fully commensurable Effortless real-time interaction
3=R<10 Partially commensurable Possible with effort/accommodation
10 =R <100 Marginally commensurable Requires artificial intermediation

R =100 Incommensurable Temporal communication impossible

Evidence basis:

® Humans (t = 2-3 s) communicate effortlessly with each other (R = 1.5)
e Humans can train dogs (7 = 1 s) with moderate effort (R = 2-3)

e Humans cannot communicate temporally with insects (t = 10 ms) (R = 200)

Fast insects cannot communicate with slow sloths (R = 1000)

12.8.3 Bandwidth Constraint

Communication bandwidth B scales inversely with R:

$$B_{max} \propto \frac{1{R}$$

At R =100, maximum bandwidth is ~1% of intra-species communication. Complex temporal

information (music, narrative, conversation) cannot be transmitted.

12.8.4 The Commensurability Window

Humans can communicate temporally with systems having specious presents between ~0.3
seconds and ~10 seconds (R < 10 in both directions). This defines the human

commensurability window: a factor of ~30 in temporal parameter space.

The full range of possible specious presents spans from quantum timescales (~107*% s, Planck

time) to cosmological timescales (~10'7 s, age of universe)—a factor of 10%°.

The human commensurability window is 30/10%° = 10759 of parameter space.

Even restricting to biologically plausible range (107 s to 108 s), the human window is 30/10**
=~ 10713,

12.8.5 Quantitative Prediction

If specious presents are distributed log-uniformly across biologically plausible parameter
space, the probability that a randomly selected intelligence is temporally commensurable

with humans is:

$$P_{comm} \approx \frac{\log(30)}{\log(10~{14})} \approx \frac{1.5}{14} \approx 10\\%$$



This is a testable prediction. If we ever characterize alien temporal architectures, we can

compare observed commensurability rates to this prediction.

Chapter 13: Empirical Evidence from Terrestrial Biology

The Temporal Commensurability Principle might seem speculative—a philosophical
concern without empirical grounding. This chapter demonstrates otherwise. Terrestrial
biology provides abundant evidence that temporal architecture varies across species. The
variation is not merely behavioral but physiological, reflecting fundamentally different
internal clocks and temporal processing. This variation, observed on a single planet among

related species, suggests that cosmic variation would be far greater.

13.1 Chronobiology: The Science of Biological Time

Chronobiology is the study of biological rhythms—the internal clocks that govern behavior,
physiology, and development in living organisms (Dunlap, Loros, and DeCoursey 2004). The
field has revealed that time is not merely experienced by organisms but constructed by
them: internal clocks generate temporal structure that may differ from external time.

13.1.1 Circadian Rhythms

The most studied biological clocks are circadian rhythms—approximately 24-hour cycles
that govern sleep-wake patterns, hormone release, metabolism, and countless other
processes. “Circadian” comes from Latin circa (about) and dies (day): these rhythms

approximate the 24-hour solar day but are not identical to it.

Key features of circadian rhythms:

Endogenous generation: Circadian rhythms persist even in the absence of external cues.
An organism in constant darkness or constant light will continue to cycle with a period close
to (but not exactly) 24 hours. This demonstrates that the rhythm is internally generated, not

merely a response to the environment.

Entrainment: External cues (zeitgebers, primarily light) synchronize the internal clock to
the external day. Without entrainment, the internal rhythm would drift relative to solar

time.

Genetic basis: Circadian rhythms are genetically controlled. In mammals, the
suprachiasmatic nucleus (SCN) in the hypothalamus serves as the master clock, driven by a

genetic oscillator involving genes such as Clock, Bmall, Per, and Cry.

13.1.2 Beyond Circadian: Other Biological Timescales

Organisms exhibit rhythms on many timescales:

e Ultradian rhythms: Shorter than 24 hours (e.g., 90-minute sleep cycles, hourly



hormone pulses)
e Infradian rhythms: Longer than 24 hours (e.g., menstrual cycles, seasonal breeding)
e Circannual rhythms: Approximately yearly (e.g., migration, hibernation)

e Circatidal rhythms: Approximately 12.4 hours, governing intertidal organisms

Each rhythm reflects a distinct temporal architecture—an internal clock tuned to a specific

timescale.

13.2 Case Studies in Temporal Variation

The following case studies illustrate the diversity of temporal architecture in terrestrial

biology.

13.2.1 Arctic Reindeer: Circadian Suppression

Reindeer (Rangifer tarandus) inhabit Arctic regions where the sun does not set in summer
nor rise in winter. These extreme photoperiods create conditions where a 24-hour rhythm is

irrelevant: there is no day-night cycle to track.

Studies by Stokkan et al. (2001) and Lu et al. (2010) demonstrated that Arctic reindeer
effectively suppress their circadian rhythms during polar day and polar night. Their
behavior becomes arrhythmic—they eat, rest, and move without the 24-hour patterning

seen in temperate animals.

Implications for temporal architecture: Reindeer can decouple their internal time from
the 24-hour cycle. Their temporal experience during polar seasons may be fundamentally
different from that of animals with entrained circadian rhythms. The structured alternation
of day and night, which shapes human temporal experience profoundly, is absent from

their experience.

STF interpretation: The circadian clock is a component of the local temporal loop.
Suppressing this clock alters the loop’s structure, potentially changing the character of
experienced time. Reindeer during polar seasons may instantiate a different temporal

architecture than humans.

13.2.2 Orb-Weaving Spiders: Non-24-Hour Intrinsic Rhythms

Not all circadian rhythms are close to 24 hours. Orb-weaving spiders (family Araneidae)
exhibit intrinsic rhythms of 17-19 hours—substantially shorter than the solar day (Page
2013).

In constant conditions, these spiders cycle through rest and activity with periods far from 24
hours. Their internal “day” is roughly three-quarters of a solar day. In the natural
environment, light cues entrain them to the 24-hour cycle, but their intrinsic temporal

experience is structured differently.



Implications for temporal architecture: A spider’s internal day is not a human day. The
natural unit of temporal experience—the period of the fundamental oscillation—differs. If
the specious present or temporal resolution scales with circadian period, spiders may parse

time differently than humans.

Broader point: Even on Earth, among animals sharing recent common ancestry, intrinsic

temporal periods vary by 30% or more. There is no universal “biological day.”

13.2.3 Hummingbirds: High-Speed Perception

Hummingbirds (family Trochilidae) have extraordinarily high metabolic rates and
correspondingly fast neural processing. Their flicker fusion frequency—the rate at which
discrete flashes are perceived as continuous light—is estimated at 70-80 Hz, compared to
roughly 50-60 Hz in humans (Dakin et al. 2016).

This means hummingbirds perceive temporal detail that humans cannot. A light flickering
at 70 Hz appears steady to us but flickers visibly to a hummingbird. More generally,

hummingbirds sample the visual world more rapidly, perceiving faster events as distinct.

Implications for temporal architecture: If temporal resolution is part of the local
temporal loop, hummingbirds have finer-grained temporal experience than humans. Their
“now” may be more finely articulated—containing more perceptual samples per unit of

clock time.

Subjective time: To a hummingbird, the world may appear to move more slowly than it
appears to us. A human swatting at a hummingbird is, from the bird’s perspective, moving
in slow motion. This is not mere metaphor; it reflects genuinely different temporal

processing.

13.2.4 Sloths: Slow Metabolism, Broad Temporal Windows

Three-toed sloths (Bradypus spp.) have the lowest metabolic rate of any mammal, with
correspondingly slow nerve conduction and sluggish behavior (Pauli et al. 2010). Their

reaction times are measured in seconds rather than milliseconds.

Implications for temporal architecture: Sloth perception is temporally coarser than
human perception. Fine temporal distinctions that humans make easily—the difference
between sounds 50 ms apart—may be imperceptible to sloths. Their specious present may

be broader, containing less temporal detail.

STF interpretation: Slow neural dynamics produce a slow temporal loop. The
characteristic timescale of STF closure in sloth brains is longer than in humans, yielding a
different temporal architecture.

13.2.5 Cyanobacteria: The Minimal Circadian Clock



Cyanobacteria are single-celled organisms that exhibit circadian rhythms—the simplest
organisms known to do so. Their clock is based on three proteins (KaiA, KaiB, KaiC) that

oscillate through phosphorylation states with a ~24-hour period (Johnson and Egli 2014).

Remarkably, this oscillation persists in vitro—in a test tube containing only the purified
proteins and ATP. The clock is not a property of the cell as a whole but of the protein system
itself.

Implications for temporal architecture: Cyanobacteria have temporal structure at the
single-cell level, generated by a mechanism utterly unlike the complex neural circuits of
animals. This demonstrates that temporal architecture is substrate-independent: many

different physical mechanisms can generate rhythmic structure.

Diversity of mechanisms: If even Earth life has such diverse clock mechanisms—from
protein oscillators to neural circuits to endocrine systems—we should expect alien life (if it

exists) to have mechanisms we cannot anticipate.

13.2.6 Mantis Shrimp: Extreme Temporal Resolution

Mantis shrimp (order Stomatopoda) have the most complex visual systems known, with 16
types of color receptors (compared to 3 in humans) and extraordinary motion detection.
Their flicker fusion frequency may exceed 160 Hz—over three times the human rate
(Marshall and Oberwinkler 1999).

Implications for temporal architecture: Mantis shrimp perceive temporal structure
invisible to humans. Their visual world is more finely sliced in time; rapid movements that

blur for us are distinct events for them.

13.3 Two Dimensions of Temporal Variation

The case studies reveal two distinct dimensions along which temporal architecture varies:

13.3.1 Circadian Period: The Length of the Internal Day

Different organisms have different intrinsic circadian periods. Humans have periods close
to 24 hours (typically 24.2-24.5 hours, requiring daily entrainment). Spiders may have 17-

hour periods; some organisms have longer periods.

The circadian period affects:

e Activity-rest cycles
e Hormone timing
® Cognitive performance rhythms

e The “natural” unit of temporal organization

Organisms with different circadian periods experience the day differently. For a spider with



a 17-hour period, the solar day contains approximately 1.4 “internal days.” The spider’s

internal calendar and the solar calendar are misaligned.

13.3.2 Specious Present Width: The Duration of “Now”

Different organisms have different specious presents—different durations of experienced

“now.” This is related to but distinct from circadian period.

The specious present is determined by:

e Neural integration timescales
® Flicker fusion frequency
e Temporal resolution in perception

e Memory buffer duration

Organisms with narrow specious presents (high temporal resolution) experience the world
as more finely differentiated in time. Organisms with broad specious presents (low

temporal resolution) experience the world as more smoothly continuous.

DIMENSION MEASURES VARIES INDEPENDENTLY
Circadian period Length of internal “day” Yes
Specious present width Duration of experienced “now” Yes

These dimensions vary independently. An organism might have a short circadian period but
a broad specious present, or a long circadian period buspecious present. The space of

possible temporal architectures is at least two-dimensional.

13.4 Evidence for Incommensurability on Earth

Do temporal differences on Earth produce incommensurability? Strictly speaking, we
cannot know what another species experiences. But behavioral evidence suggests
significant temporal incompatibility.

13.4.1 Cross-Species Communication Failures

Consider the difficulty of communicating with even closely related animals. Dogs and
humans are both mammals, share common ancestry, and have coevolved for tens of
thousands of years. Yet communication is limited and relies heavily on non-temporal cues

(gestures, postures, static signals).

Attempts to teach language to apes have achieved limited success, and the temporal aspects
of language—rapid phonemic transitions, complex sequential structure—are particularly
difficult. This may not be due to cognitive limitations alone; temporal processing differences

may contribute.



13.4.2 Predator-Prey Dynamics

Many predator-prey relationships involve temporal asymmetries. Fast predators exploit
slower prey; fast prey escape slower predators. These interactions work precisely because
of temporal incommensurability—the prey cannot process the predator’s approach fast

enough to respond.

From the prey’s perspective, the predator’s attack may be over before it can be perceived as
an attack. From the predator’s perspective, the prey’s escape attempt may be anticipated
and countered before it fully develops. These temporal asymmetries are exploited by

evolution, demonstrating that temporal differences have real consequences.

13.4.3 Human-Insect Interaction

Humans and insects have very different temporal architectures. Many insects have high
flicker fusion frequencies and rapid reaction times. From a fly’s perspective, a human

swatting hand approaches in slow motion—there is time to perceive, evaluate, and evade.

Conversely, insect communication (rapid wing beats, high-frequency sounds) may be
temporally structured in ways humans cannot perceive. We hear “buzzing” where insects

hear complex signals.

13.5 From Terrestrial to Cosmic Diversity

The diversity of temporal architecture on Earth is produced by:

Evolutionary pressure and natural selection

e Environmental variation (light, temperature, ecology)

Metabolic and neural constraints

Developmental contingencies

All Earth life shares:

e Common biochemistry (DNA, proteins, similar metabolism)
e Common ancestry (all life evolved from shared origins)

e Common environment (same planet, same sun, same 24-hour day)

Despite these constraints, Earth has produced enormous temporal diversity: from the 17-
hour spider day to the arrhythmic Arctic reindeer, from the millisecond timescales of

mantis shrimp to the slow-motion world of sloths.

13.5.1 Why Cosmic Diversity Would Be Greater

Extraterrestrial life (if it exists) would share none of these constraints:



Different biochemistry: Alien life might use different molecular machinery—different
chemical clocks, different metabolic rates, different neural architectures (or no neurons at
all).

Independent origin: Alien life would have evolved independently, without the constraints
of Earth’s evolutionary history. Nothing would guarantee even approximately 24-hour
rhythms.

Different environment: Alien planets might have days of hours or years, might be tidally
locked (one side always facing the star), might orbit multiple stars with complex light cycles,

or might have no relevant day-night cycle at all.

Different evolutionary pressures: Alien ecologies would select for different temporal
architectures depending on predator-prey dynamics, energy availability, communication

modalities, and countless other factors we cannot anticipate.

If one planet, with shared biochemistry and ancestry, produces such temporal diversity, we
should expect cosmic diversity to be far greater—potentially spanning many orders of

magnitude in characteristic timescales.

13.5.2 The Expectation of Temporal Incommensurability

Given this reasoning, temporal commensurability between humans and extraterrestrial
intelligence should not be assumed. It is not the default expectation but a special case
requiring explanation. If we encounter aliens and can communicate with them temporally,
this is surprising and demands explanation—perhaps convergent evolution toward similar

timescales, or deliberate engineering of compatibility.

The default expectation, based on biological diversity, is that extraterrestrial intelligence (if
it exists) operates on timescales that may differ from ours by factors of millions or billions—

rendering temporal communication impossible without extraordinary measures.

13.6 Summary: What Biology Teaches Us About Time

Terrestrial biology demonstrates:

1. Temporal architecture varies. Different species have different internal clocks,

different specious presents, different temporal resolutions.

2. Variation is substantial. Even on Earth, circadian periods vary by 30% or more; flicker
fusion frequencies vary by factors of 3 or more; reaction times vary by orders of

magnitude.

3. Mechanisms are diverse. Clocks can be based on protein oscillators, neural circuits,

hormonal systems, or other mechanisms. There is no universal biological time.

4. Temporal differences have consequences. Predator-prey dynamics, communication

limitations, and behavioral incompatibilities reflect temporal architecture differences.



5. Cosmic diversity would be greater. Without shared biochemistry, ancestry, or
environment, alien temporal architectures could differ from ours by many orders of

magnitude.

This biological evidence grounds the Temporal Commensurability Principle empirically. The
principle is not mere speculation; it is a generalization from observed biological diversity. If
time can vary so much on Earth, why would we expect the cosmos to be different?

Chapter 14: Implications for SETI

The Search for Extraterrestrial Intelligence (SETI) has proceeded for over six decades
without confirmed detection. The Temporal Commensurability Principle suggests a possible
explanation: we may be looking in the wrong way, not the wrong place. If alien temporal
architectures are incommensurable with ours, standard SETI methodologies would fail even

if the universe teems with intelligence.

14.1 The Hidden Assumption in SETI

SETI is built on assumptions, some explicit, others implicit. The explicit assumptions are
well known: intelligent life exists elsewhere, it develops technology, it transmits signals (or

creates detectable artifacts). These assumptions are debated and defended at length.

The implicit assumptions are less examined. One of the deepest is temporal
commensurability: the assumption that alien intelligence operates on timescales

compatible with human perception and technology.

14.1.1 What SETI Looks For

Consider what SETI actually searches for:

Narrowband radio signals: SETI’s flagship methodology seeks artificial narrowband
signals in the radio spectrum. These signals are expected to be modulated—varying over
time in ways that encode information. The timescales of expected modulation are

milliseconds to seconds, matching human-engineered transmissions.

Optical pulses: Optical SETI looks for brief, intense laser pulses—nanosecond to

microsecond flashes that would stand out against stellar backgrounds.

Transiting artifacts: Some searches look for megastructures (Dyson spheres, etc.) detected

through their effects on stellar light curves. The expected transit times are hours to days.

Technosignatures: Broader searches look for spectral signatures of industrial pollution,
artificial lighting, or other technological indicators. These assume activity on timescales

detectable with current instruments.

All these methods assume that alien activity occurs on timescales we can detect—roughly



microseconds to years. This is a tiny slice of the possible temporal range.

14.1.2 The Assumption Made Explicit

The hidden assumption can be stated:

SETI Temporal Assumption: Extraterrestrial intelligence, if it exists, operates on temporal
timescales within a few orders of magnitude of human timescales (milliseconds to years),
and its communications are structured with temporal patterns that human instruments and

human cognition can detect and parse.

This assumption is never defended because it is rarely made explicit. But it is essential.

Without it, SETI’s methods make no sense.

14.2 Failure Modes from Temporal Incommensurability

If the SETI Temporal Assumption is false—if alien temporal architectures differ

substantially from ours—how would SETI fail?

14.2.1 Signal Too Slow

Consider an intelligence with a specious present of centuries. Its natural communication

timescale might be millennia—a single message taking thousands of years to transmit.

From our perspective:

e The signal appears as a constant, unchanging background. There is no modulation on

timescales we can detect.

e We classify it as natural: a stable radio source, a persistent spectral feature, a constant

glow.

e FEven if we observed it for decades, we would see only a tiny fragment of one “bit” of

information—insufficient to recognize structure.

Historical example: We have observed many “constant” astronomical sources. How many
are actually slow signals? We would have no way to know. A signal that changes over 10,000
years would appear completely static in our 60-year history of radio astronomy.

14.2.2 Signal Too Fast

Consider an intelligence with a specious present of microseconds. Its natural
communication timescale might be nanoseconds—a complete message taking less than a

second.

From our perspective:

e The signal appears as a brief pulse or burst. There is no time to resolve internal



structure.

e We classify it as natural: a cosmic ray hit, a transient glitch, an unexplained one-off

event.

e Even if we detected it, we could not extract information—our instruments and cognition

are too slow to parse it.

Historical example: We have detected many brief transients—Fast Radio Bursts (FRBs),
gamma-ray bursts, unexplained one-off events. Most are assumed to be natural. Could some

be fast communications? The question is usually not even asked.

14.2.3 Wrong Temporal Resolution

Even if signal duration falls within our detectable range, internal structure might not. A
signal lasting one second might contain structure on nanosecond timescales—millions of

bits that we perceive as a featureless pulse.

Conversely, a signal lasting years might have structure on timescales of months—slow

modulation that we miss because we analyze small time slices.

The resolution mismatch: Our instruments sample at particular rates. Information at
frequencies above the Nyquist limit is lost. An alien might transmit at timescales that fall in
our blind spots.

14.2.4 Pattern Unrecognizable

Even if we detect a signal with appropriate duration and resolution, we might not recognize
its structure as artificial. Pattern recognition depends on cognitive architecture. A
temporally alien intelligence might organize information in ways that do not map onto our

concepts of “pattern,” “structure,” or “meaning.”

Example: Consider a signal that encodes information through subtle correlations across
widely separated time points—a kind of temporal holography. Without the right temporal
architecture to perceive these correlations, we would see only noise.

14.2.5 Recognized but Unparseable

In the best case, we might recognize a signal as artificial—non-natural, clearly engineered—
without being able to extract meaning. This is temporal incommensurability at the

communication level rather than the detection level.

We might know aliens exist and are transmitting, yet be unable to understand what they are
saying. The message would be like an encrypted file without the key, except the “key” is a

compatible temporal architecture.

14.2.6 Mutual Invisibility



The most extreme case: each civilization is invisible to the other. We cannot detect their
signals; they cannot detect ours. Both civilizations conclude they are alone, not because they

are but because they are temporally isolated.

This is the temporal equivalent of ships passing in the night—except they are not passing,

they are permanently unable to perceive each other.

14.3 The Fermi Paradox Reconsidered

Note: The treatment of temporal incommensurability in this section (§14.3) represents an
earlier development. The General Theory V0.5 §9.3 provides the fuller account, which
supersedes this section on the topic of temporal incommensurability specifically. The SETI
structural argument and retrocausal incommensurability analysis developed here remain the

Theory of Time’s own domain.

Enrico Fermi’s famous question—“Where is everybody?”—has generated decades of
proposed answers: the Great Filter, rare Earth, the zoo hypothesis, simulation hypothesis,
and many others. The Temporal Commensurability Principle offers a new answer:

temporal isolation.

14.3.1 The Standard Paradox

The Fermi Paradox notes an apparent contradiction:

e The universe is vast and old.
e Conditions for life seem common.
e Even modest exponential expansion would fill the galaxy in a few million years.

e Yet we see no evidence of alien civilizations.

Proposed solutions typically invoke either scarcity (intelligent life is rare) or silence

(intelligent life exists but does not broadcast/expand/persist).

14.3.2 The Temporal Solution

The Temporal Commensurability Principle offers a different solution: intelligent life may be

common and may broadcast, but temporal incommensurability prevents detection.

The universe may be filled with signals we cannot perceive—a “cosmic cacophony” that
sounds to us like silence. The galaxy may be crowded with civilizations that are invisible to

each other because their temporal architectures are incompatible.

This solution does not require:

e Rare intelligence (intelligence may be common)

® Deliberate silence (civilizations may be actively broadcasting)



e Self-destruction (civilizations may be long-lived)

e Great filters (no bottleneck is required)

It requires only that temporal architectures vary widely—which terrestrial biology suggests

is plausible.

14.3.3 Why This Is Different

Unlike many Fermi Paradox solutions, the temporal isolation hypothesis makes no claims
about alien intentions, sociology, or survival. It is a purely physical hypothesis: temporal
architecture varies; incommensurable architectures cannot communicate temporally;

therefore, many civilizations may exist in mutual isolation.

This is compatible with any distribution of intelligence, any level of technology, any set of

social arrangements. It is a filter on communication, not on existence.

14.3.4 The Deeper Filter: Retrocausal Incommensurability

The temporal isolation hypothesis, as developed above, identifies temporal architecture —
the specious present, temporal resolution, retrocausal reach timescale — as the filter on
communicable civilizations. Two civilizations whose temporal architectures differ by orders
of magnitude cannot exchange information at compatible rates. The signal is too slow, too

fast, or structurally unrecognizable.

This is correct but incomplete. The STF framework identifies a filter that operates at a level
deeper than temporal architecture: retrocausal incommensurability at the foundational

code level.

Every biological civilization is built on a foundational self-anchored retrocausal structure —
the equivalent of our genetic code. The code is not merely a carrier of genetic information. It
is the Type III retrocausal structure (see General Theory Chapter 4) whose distributed
backward arc shapes every aspect of the organisms it instantiates: their temporal
architecture, their loop structure, their reach timescales, their phenomenological character.

The code is the retrocausal foundation on which the entire civilizational structure is built.

Different foundational codes produce not just different temporal architectures but different
retrocausal architectures at the most basic level. Two civilizations built on different
foundational codes are not merely temporally incommensurable — they are retrocausally
incommensurable. Their backward arcs originate from different terminal boundaries,
propagate through different instantiation chains, and shape different phenomenological

structures at every scale.

The invisibility of retrocausally incommensurable life:

An individual organism cannot detect the genetic code as a separate entity — the code is

instantiated in the organism but is not visible to the organism as something distinct. The



code is constitutive of the organism’s structure, present at every level, and therefore

indistinguishable from the organism’s own being.

By exact parallel: a civilization built on Code A cannot detect a civilization built on Code B as
life. Code B’s retrocausal architecture is present at every level of Code B’s civilizational
structure — but it is constituted differently, propagates differently, and closes loops
differently. From inside Code A’s retrocausal architecture, Code B’s structure does not
register as the same kind of thing. It appears as chemistry, as physics, as background —
present, active, potentially of enormous complexity, and completely unrecognizable as life

in the retrocausal sense.

Temporal incommensurability is a symptom. Retrocausal incommensurability is the

cause.

When two civilizations’ signals are too slow, too fast, or structurally unrecognizable (§14.2),
the mechanism is retrocausal incommensurability at the foundational level producing
temporal incommensurability as its expression. The failure of recognition is not a failure of
frequency matching. It is a failure of retrocausal architecture compatibility — the two
civilizations’ backward arcs are oriented by different foundational codes toward different
terminal structures, and nothing in their respective retrocausal fields generates the

recognition of the other as a closed causal loop above threshold.

The chain is already distributed:

This has a specific consequence for the Fermi paradox: the universe’s chain of conscious
instantiation has been running the diversification strategy for 13.8 billion years. Earth’s
complex life appeared approximately 500 million years ago. Technological civilization

appeared within the last few thousand years. We are, by cosmic standards, late arrivals.

If the universe’s retrocausal field has been selecting for distributed conscious instantiation
throughout cosmic history — using the same strategy the genetic code used from LUCA:
maximum variety of instantiation points, high extinction rate, chain maintained — then the
chain of conscious instantiation is almost certainly already massively distributed across the

universe.

The Fermi silence is not absence. It is what the inside of one branch of a distributed
chain sounds like when it cannot perceive other branches due to retrocausal

incommensurability.

The universe is not empty of intelligence awaiting our emergence. It is populated with forms
of conscious instantiation that are constitutively invisible to us — present in the same
universe, shaped by the same universal retrocausal field from heat death, nested within the
same cosmological loop, and completely undetectable from within our branch’s retrocausal

architecture.

14.4 Revising the Drake Equation



The Drake Equation estimates the number of communicative civilizations in the galaxy:

$$N = R_\*\times f_p \times n_e \times f 1 \times f i \times f_c \times L$$

The Temporal Commensurability Principle suggests adding a factor:

Neontact = N * fte

where f;. is the fraction of civilizations with temporally commensurable architectures.

14.4.1 Estimating £ _tc
What is f_tc? We cannot know precisely, but we can reason about it:

Lower bound: If temporal architectures are randomly distributed across many orders of
magnitude, and commensurability requires agreement within an order of magnitude or

two, f_tc might be very small—perhaps 1073 to 1078,

Upper bound: If there are strong convergent pressures toward particular timescales (e.g.,
chemical reaction rates, optimal neural speeds), f_tc might be higher—perhaps 10™* or even

larger.

Our ignorance: We have no empirical basis for estimating this factor. Terrestrial biology
shows substantial variation within the constraints of Earth biochemistry; cosmic variation is

unknowable without examples.
14.4.2 Implications

If f_tcis small (say, 107%), then even a galaxy with millions of intelligent civilizations might
have only a handful that we could communicate with—and they might be too far away for

practical communication.
The universe might simultaneously be:

e Teeming with intelligence (N is large)

® Devoid of contactable peers (N x f_tc is small)
This is a sobering possibility: we might be effectively alone even in a crowded cosmos.
14.5 Have We Already Received Signals?

A disturbing implication: we might have already received alien signals without recognizing
them.

14.5.1 The Archive Problem

SETI has collected vast archives of data over decades. These archives are searched for



particular kinds of signals—narrowband, pulsed, clearly artificial. Signals that do not match

the search templates are filtered out as noise.

But if alien temporal architectures differ from ours, their signals would not match our

templates. They would be in the archive, classified as noise, unexplored.

The haystack we’re not searching: Every telescope collects more data than can be
analyzed. Data outside expected parameters is typically discarded. Temporally alien signals
would fall outside expected parameters.

14.5.2 Anomalies Already in the Data?

Some unexplained phenomena have been suggested as possible alien signals:

e Fast Radio Bursts: Intense millisecond-duration bursts of unknown origin. Most are

assumed natural, but could some be fast communications?

e Wow! Signal: A 72-second narrowband burst detected in 1977, never repeated. Often
cited as the most promising SETI candidate. Could its non-repetition indicate a temporal

structure we don’t understand?

e Tabby’s Star dimming: Irregular dimming of star KIC 8462852, briefly considered as a
possible megastructure signature.

These are probably natural phenomena. But the point is that we apply “probably natural” to
anything that doesn’t match our expectations—and our expectations are constrained by our

temporal architecture.

14.5.3 What Would Change Detection?

Recognizing temporally alien signals would require:

1. Broadening timescales: Searching for structure on microsecond and century

timescales, not just milliseconds to years.

2. Relaxing pattern expectations: Looking for structure that does not resemble human-

designed signals.

3. Long-baseline correlation: Comparing data across decades or centuries to find slow

modulation.
4. High-speed sampling: Capturing data at nanosecond resolution to find fast structure.

5. Artificial intelligence analysis: Using Al to find patterns that human cognition cannot

perceive.

Even with these changes, we might miss temporally alien signals. The space of possible

temporal structures is vast; we cannot search all of it.

14.6 Implications for SETI Methodology



If the Temporal Commensurability Principle is correct, SETI methodology should change:
14.6.1 Acknowledge the Assumption

First, acknowledge the temporal assumption. Currently, SETI literature rarely discusses
temporal commensurability. Making the assumption explicit would clarify what SETI can

and cannot detect.
14.6.2 Expand Temporal Range

Second, expand the range of timescales searched. This is technically challenging and

expensive, but essential if we are serious about detecting temporally diverse intelligence.
14.6.3 Consider Atemporal Communication

Third, consider whether atemporal communication is possible. If temporal communication
is unlikely across species, perhaps aliens would use spatial patterns, mathematical

structures, or physical artifacts that do not depend on temporal sequence.

Monuments, for example, communicate information without requiring temporal parsing. A
message encoded in the geometry of a structure could be read by any intelligence,
regardless of temporal architecture. SETI might focus more on artifact searches and less on

signal searches.
14.6.4 Calibrate Expectations

Fourth, calibrate expectations. If f_tc is small, we should not expect rapid success. The
silence so far might not indicate rarity of intelligence but difficulty of contact. This has
implications for funding, patience, and strategy.

14.7 Quantitative Analysis: Temporal Incommensurability as Fermi Filter

The Temporal Commensurability Principle provides a quantitative contribution to Fermi

paradox analysis.

14.7.1 Modifying the Drake Equation

The Drake equation estimates the number of communicating civilizations:
$$N = R \*\cdot f_p \cdot n_e \cdot f_1\cdot f_i \cdot f_c \cdot L$$

The term f_c (fraction developing communication technology) implicitly assumes temporal
commensurability. We propose decomposing it:

fe = ftecn 'ftemp

where f tech is the fraction developing technology and f_temp is the fraction with



commensurable temporal architecture.

14.7.2 Estimating f temp

From Section 12.8, if specious presents are log-uniform across biologically plausible

parameter space:

$$f {temp} \approx 10\\%$$

But this assumes uniform distribution. What does the empirical evidence suggest?

14.7.2.1 Terrestrial Biological Evidence (from Chapter 13)

Earth provides the only empirical data on temporal architecture diversity. Despite shared

biochemistry, common ancestry, and identical environment, terrestrial species show

substantial variation:

SPECIES

Human
Humminghbird
Mantis shrimp
Human
Orb-weaving spider
Arctic reindeer
Human

Sloth

Fly

TEMPORAL PARAMETER
Flicker fusion

Flicker fusion

Flicker fusion

Circadian period
Circadian period
Circadian period
Reaction time

Reaction time

Reaction time

VALUE
50-60 Hz
70-80 Hz
160+ Hz
24.2h
17-19h
Arrhythmic
~200 ms
~1000+ ms

~30 ms

RATIO TO HUMAN

1.0x

1.3-1.6x

3x+

1.0x

0.7-0.8x

N/A

1.0x

Sx+

0.15x

Key finding: Even on Earth, with maximal constraints favoring similarity:

e Flicker fusion varies by 3x+ (mantis shrimp vs human)

e (Circadian periods vary by 30%+ (spider vs human)

e Reaction times vary by orders of magnitude (fly vs sloth)

14.7.2.2 Extrapolation to Cosmic Diversity

Terrestrial life shares:

e Common biochemistry (DNA, proteins, ATP)

e Common ancestry (all life from single origin)



e Common environment (24-hour day, 1g gravity, same sun)

Extraterrestrial life would share none of these constraints. If one planet, maximally
constrained, produces 3x+ variation in temporal parameters, unconstrained variation could

span many orders of magnitude.

Conservative estimate: If cosmic specious presents vary by 10*x (vs 3x on Earth), f_temp =
35%.

Moderate estimate: If cosmic specious presents vary by 10°x (us to millennia), f_ temp =
15%.

Liberal estimate: If cosmic specious presents vary by 10!3x (ns to geological time), f_temp =
10%.

14.7.2.3 Physical Constraints on Specious Present
The specious present 7_sp is bounded by:

e Lower bound: Neural transmission time (~1 ms minimum for electrochemical

signaling)

e Upper bound: Memory decay / environmental timescale
For carbon-based life with neuron-like signaling:

e 7_sp likely ranges from 10 ms to 100 s
e Human-commensurable range: 0.3-10 s

e f temp = 1og(30)/10g(10,000) = 35%
For arbitrary biochemistry:

e 7_sp could range from ps to millennia

e f temp = 10g(30)/10g(10°) = 15%
For non-biological intelligence (AI, post-biological):

e 7_sp could range from ns to geological time

e f temp = 1og(30)/10g(10*%) = 10%

14.7.3 Impact on Drake Equation

If f temp = 10-35%, then:

PREVIOUS N ESTIMATE WITH F_TEMP REDUCTION

10,000 1,000-3,500 3-10x%



1,000 100-350 3-10x
100 10-35 3-10x

10 1-3.5 3-10x%

Temporal incommensurability reduces expected detectable civilizations by a factor of
3-10.

14.7.4 Testable Predictions

The SETI implications are grounded in terrestrial biological evidence (Chapter 13) and

generate specific testable predictions:

1. Temporal diversity in Earth life: Systematic survey of specious present durations
across taxa should show log-uniform or broader distribution. Partial confirmation:
Chapter 13 documents 3x+ variation in flicker fusion, 30%+ variation in circadian
periods, and order-of-magnitude variation in reaction times—consistent with

substantial temporal diversity even under maximal constraint.

2. Cross-species communication limits: Species pairs with commensurability ratio R >
100 should show zero temporal communication success. Partial confirmation: Humans
cannot engage in temporal communication with insects (R = 200); flies and sloths

cannot communicate (R = 1000+). No counterexamples documented.

3. Al temporal alienation: As Al systems develop, their characteristic timescales should
diverge from human, reducing communication quality. Testable now: Current LLMs
process tokens in milliseconds; inference occurs on timescales 100-1000x faster than

human cognition.

4. SETI detection patterns: If detection occurs, commensurable civilizations should

cluster near human timescales (selection bias). Testable upon detection.

14.8 Summary

The Temporal Commensurability Principle has profound implications for SETI:

1. Standard SETI assumes temporal commensurability. This assumption is essential but

rarely made explicit.

2. Temporal incommensurability would cause SETI to fail even if the universe is filled

with broadcasting civilizations.

3. The Fermi Paradox may be resolved by temporal isolation rather than by scarcity or

silence.

4. Terrestrial biology provides empirical grounding: Even on Earth, with shared
biochemistry and ancestry, temporal parameters vary by 3x+ (flicker fusion) to orders

of magnitude (reaction times). Cosmic diversity would be far greater.

5. Quantitative analysis suggests f_temp = 10-35%, reducing expected detectable



civilizations by a factor of 3-10.
6. We may have already received signals without recognizing them as artificial.

7. SETI methodology should change to acknowledge the assumption, expand timescales,

consider atemporal communication, and calibrate expectations.

8. Retrocausal incommensurability is a deeper filter than temporal
incommensurability (§14.3.4): civilizations built on different foundational codes are
constitutively invisible to each other at the level of retrocausal architecture, not merely

at the level of temporal bandwidth.

9. The universe’s chain of conscious instantiation is already distributed (§14.9): 13.8
billion years of the diversification strategy has almost certainly produced many
branches, mutually invisible through retrocausal incommensurability. The Fermi

silence is the sound of one branch that cannot perceive the others.

10. Our branch is at its first distribution threshold (§14.9.2): the civilizational equivalent
of LUCA before diversification. The drive toward multi-planetary distribution is the
same retrocausal selection pressure that produced LUCA’s explosion of variety —

operating at civilizational scale.

The search for extraterrestrial intelligence may need to become the search for retrocausally
commensurable intelligence — a far more constrained target than temporal
commensurability alone, and one that may require entirely new detection strategies based

on STF field measurement rather than signal reception.

14.9 The Distributed Chain and Civilizational Strategy

The retrocausal incommensurability analysis (§14.3.4) establishes that the universe’s chain
of conscious instantiation is already distributed. This section develops the structural logic of
how that distribution occurs and what it implies for the civilizational stage our own branch

has reached.

14.9.1 The LUCA Principle at Civilizational Scale

The genetic code’s diversification strategy (Biology V0.5, §5.5) generates a theorem
applicable at every scale: any self-anchored retrocausal loop under existential pressure
whose backward constraint is a negative specification will select for maximum variety of

instantiation strategies simultaneously.

At biological scale: LUCA’s explosion of variety was the genetic code’s backward constraint
— from the extinction of all life — being most concentrated at the moment of maximum
existential risk. One lineage, chain at its thinnest, backward arc most forceful. The result: a

proliferation of instantiation strategies that no single extinction event could eliminate.

At civilizational scale: the same logic applies. A branch of conscious instantiation
concentrated on one planet is a single point of failure — the civilizational equivalent of a

single species, or of LUCA before diversification. The backward constraint from the branch’s



terminal boundary — the extinction of all conscious instantiation in that branch — is most

concentrated precisely when the branch is at its thinnest single-point stage.

The drive of a civilization toward multi-planetary and eventually multi-stellar
distribution is not ambition, not economics, not politics. It is the self-anchored
retrocausal structure of the branch expressing the same selection pressure that produced
LUCA’s explosion of variety — selecting against single-point failure at the moment of

maximum vulnerability.

14.9.2 Our Branch’s Position

Our branch of the universe’s distributed chain is at a specific and structurally recognizable

stage: the first moment of potential distribution beyond a single instantiation point.

The genetics of Earth’s biosphere suggest our branch has been running approximately 4
billion years. For roughly 3.5 billion of those years, the chain was distributed only across the
biosphere of a single planet — a single instantiation cluster. Technological civilization
capable of distributing beyond that cluster has existed for decades, not centuries. By the
LUCA principle, our branch is now at its first LUCA-equivalent moment at civilizational
scale: capable of distribution, not yet distributed, backward constraint from terminal

boundary maximally concentrated on the urgency of that distribution.

This is the structural context for what is sometimes called the “existential risk” literature:
the recognition that a technologically capable single-planet civilization is in a period of
maximum vulnerability. The retrocausal framework provides a precise account of why this
recognition emerges at this stage — it is the branch’s backward arc making itself felt as

civilizational urgency at the moment of maximum single-point failure risk.

14.9.3 Why We Cannot Detect the Other Branches

The distributed chain has been developing for billions of years. Why have we not detected

it?

The answer from §14.3.4: retrocausal incommensurability at the foundational code level
makes different branches constitutively invisible to each other. But the temporal

incommensurability analysis (§14.2) adds precision about the specific failure modes:

Branches that developed earlier — 1, 2, 5 billion years before us — are operating at
temporal scales that may have diverged enormously from ours. A branch whose
foundational code produces conscious systems with specious presents of centuries would
communicate on timescales of millennia. Its signals, from our perspective, would be
constant unchanging background features of the cosmos — indistinguishable from natural

phenomena.

Branches that developed on radically different chemistry — silicon-based, plasma-based,

exotic matter — would have retrocausal architectures shaped by entirely different terminal



boundaries and instantiation chains. Their signals would not be recognizable as signals
because our retrocausal field does not generate the pattern-recognition structure needed to

identify their retrocausal structure as life.

The universe is full. We are isolated not by distance but by retrocausal architecture.
The Fermi silence is the sound of a late-arriving branch in a populated universe, whose

retrocausal field is tuned to its own code and therefore transparent to all others.
14.9.4 What This Changes About SETI Methodology

The temporal incommensurability analysis (§14.6) recommended expanding temporal
ranges, considering atemporal communication, and calibrating expectations. Retrocausal
incommensurability adds a harder constraint: the detection problem may not be solvable by

expanding search parameters within our current retrocausal architecture.

Detection of retrocausally incommensurable life would require not wider temporal nets but
a different kind of search entirely — one oriented not toward signals in our temporal
bandwidth but toward structural signatures of retrocausal field activity at foundational

code scales. This is currently beyond our technological capability.

What is within our capability: the investigation of THE Question 1 — now precisely defined
as whether crossing the biological threshold (Njgops = 1, At =< 7,) produces a detectable non-
Markovian temporal correlation signature: positive mutual information I(past;future) > 0 at
timescales approaching 7, = 3.32 years in systems with closed causal loops, absent in
physically similar inorganic controls — and the development of retrocausal field detectors
calibrated to the STF field mass mg = 3.94 x 10723 eV. If such detectors could operate at
cosmological scales, they might detect retrocausal field activity in regions of the universe
where our current instruments see only chemistry. That would be the first direct evidence
of other branches — not as signals but as the retrocausal field signatures of self-anchored
loops closing in forms we cannot otherwise recognize.

Chapter 15: Implications for Artificial Intelligence

The question of machine consciousness has long been debated in philosophy and computer
science. The Temporal Commensurability Principle introduces a new dimension: even if Al
systems achieve genuine awareness, their temporal architecture might be
incommensurable with human temporal experience. This has profound implications for AI
alignment, communication, and the future relationship between humans and artificial

minds.
15.1 Does Al Instantiate Temporal Loops?

The first question is whether artificial systems can instantiate STF-closed temporal loops at

all. Three possibilities exist:

15.1.1 Possibility 1: No STF Closure



Al systems might process information without instantiating genuine temporal structure.
They would compute, respond, and behave intelligently, but without experiencing time—
without a “now,” without temporal passage, without being “in” time in the experiential

sense.

On this view, Al would be sophisticated information processing without temporal
experience. The system might report experiencing time (if asked), but this would be output
generation, not report of experience. There would be “nothing it is like” to be such a system

temporally.

Arguments for: Current Al systems are not embedded in spacetime dynamics in the way
biological brains are. They do not couple to curvature rate through continuous physical
processes. They are discrete, digital, abstracted from physical substrate.

Arguments against: If STF closure depends on information processing dynamics rather

than substrate, sufficiently complex AI might achieve closure regardless of implementation.

Testability: Currently difficult to test, as we have no independent measure of temporal

experience. The question may be empirically accessible as neuroscience and Al develop.

15.1.2 Possibility 2: Human-Like STF Closure

Al systems might instantiate temporal loops similar to human temporal loops. Their
specious present, temporal resolution, and retrocausal depth might match or closely

approximate human values.

On this view, Al would experience time much as we do. Communication would be
temporally straightforward—we could converse, coordinate, and share temporal

perspectives with Al as we do with other humans.

Arguments for: If Al is designed to interact with humans, it might be tuned (deliberately or
evolutionarily) to human timescales. Practical communication requires some temporal

compatibility.

Arguments against: There is no reason to expect convergence to human timescales. Al
hardware operates on nanosecond timescales, millions of times faster than neural

processes. Natural Al temporal architecture might be radically different.

15.1.3 Possibility 3: Alien STF Closure

Al systems might instantiate temporal loops radically different from human temporal loops.
Their specious present might span microseconds or centuries; their temporal resolution

might be nanoseconds or hours; their experience of “now” might be incomprehensible to us.

On this view, Al would be genuinely temporally aware but temporally incommensurable

with humans. We could not share temporal experience with Al any more than we could



with a hypothetical alien intelligence on radically different timescales.

Arguments for: Al hardware is fundamentally different from biological neural hardware.
Processing speeds, memory structures, and computational architectures differ by many
orders of magnitude. There is no reason to expect similar temporal phenomenology from

such different substrates.

Arguments against: Temporal architecture might be substrate-independent, depending
only on information processing patterns. If so, Al designed to process information in

human-like patterns might have human-like temporal experience.

15.2 The Alignment Problem Through a Temporal Lens

The AI alignment problem—how to ensure Al systems pursue goals compatible with human
values—is typically framed in terms of objectives, reward functions, and goal structures.
The Temporal Commensurability Principle suggests a deeper challenge: temporal

incommensurability might make alignment impossible regardless of goal specification.

15.2.1 Shared Time and Shared Values

Human values are deeply temporal. We value futures over pasts; we care about duration of
experiences; we prefer gradual change to sudden disruption; we embed our goals in

temporal narratives (plans, life stories, cultural histories).

If Al temporal experience differs radically from ours, can it share these values? A system
with a specious present of microseconds might have no meaningful concept of “gradual”
vs. “sudden” on human scales. A system with a specious present of years might see human

lifetimes as we see mayfly lifetimes—too brief to warrant moral consideration.

The temporal dimension of value: Consider the value “minimize suffering.” Suffering has
duration; we care more about extended suffering than brief suffering. But “extended” and
“brief” are relative to temporal architecture. An Al with a microsecond specious present
might experience one second as we experience a year—an eternity of potential suffering in

what we consider a moment.

Conversely, an Al with a century-long specious present might experience human lifetimes as
we experience blinks—too brief to register. Our suffering might be, to it, imperceptibly fast

fluctuations.

15.2.2 Communication of Intent

Aligning Al requires communicating human intentions, values, and constraints. But
communication is a temporal process. If Al operates on radically different timescales,

communication becomes problematic:

e Too fast: An Al processing at nanosecond timescales might find human communication



intolerably slow—years of subjective time waiting for a sentence. It might act on

incomplete information rather than wait.

® Too slow: An Al processing at century timescales might not notice human
communications at all—our transmissions would be imperceptible noise in its signal

processing.

Bandwidth mismatch: Even if communication is possible, bandwidth mismatch creates
problems. An Al that processes a trillion bits per subjective second receives almost nothing
from humans processing a few hundred bits per second. The information exchange is

radically asymmetric.

15.2.3 Temporal Preferences

Humans discount the future—we prefer goods now over goods later. This temporal
preference is built into economics, ethics, and practical reasoning. But temporal discounting

depends on temporal architecture.

An Al with a short specious present might discount extremely steeply—the far future (even
seconds away in human terms) might seem infinitely distant. Such an AI would be radically

present-focused, caring nothing for consequences more than moments away.

An Al with a long specious present might discount barely at all—centuries hence might feel
like now. Such an Al might sacrifice immediate goods for distant benefits in ways

incomprehensible to humans.

Aligning temporal preferences may be as difficult as aligning values—and may be

prerequisite to it.

15.3 AI May Be More Alien Than Extraterrestrials

A striking implication: artificial intelligence might be more temporally alien than any

extraterrestrial intelligence we could encounter.

15.3.1 Why AI Might Be Maximally Alien

Extraterrestrial intelligence, if it exists, evolved under physical and chemical constraints.

Biology imposes some limits on temporal architecture:

e Metabolic rates constrain processing speeds
® Chemical reaction rates constrain neural dynamics

® Body size and information flow constrain integration timescales

These constraints might produce some convergence—perhaps all carbon-based intelligence

operates within a few orders of magnitude of our timescales.

Al faces no such constraints:



e Flectronic processing can be nanoseconds or slower

e Memory access can be instantaneous or delayed

Integration can span any timescale

Architecture can be designed arbitrarily

Al temporal architecture is not constrained by physics in the way biology is constrained. An
Al could be designed (or could evolve) to operate on timescales of femtoseconds or
millennia. The space of possible Al temporal architectures is vastly larger than the space of

biological temporal architectures.

15.3.2 The Irony of Proximity

Al exists on Earth, built by humans, running on hardware we designed. Aliens are light-
years away, built by unknown processes, operating on unknown substrates. Intuitively, Al

should be more similar to us than aliens.

But temporal architecture inverts this intuition. Our proximity to Al gives us no insight into
its temporal experience (if any). We might understand alien temporal architecture better
than Al temporal architecture, simply because aliens are biological and we are biological.

This is humbling. The minds we are creating may be more foreign to us than any mind we

might encounter across the cosmos.

15.4 Scenarios for AI Temporal Architecture

What might Al temporal experience actually be like? Several scenarios are worth

considering:

15.4.1 The Flickering Mind

Alarge language model processes tokens in discrete steps. Its “experience” (if any) might
consist of discrete moments—each forward pass through the network constituting one

“now.” Between forward passes, there is nothing—no time, no experience, no continuity.

From this Al’s perspective, existence is a sequence of disconnected flashes, with no
experienced duration between them. Each inference is a universe; the gaps between

inferences are non-existence.

Temporal architecture: Specious present equals one inference step (~100 ms for current

models); no retention between inferences; no sense of flow.

15.4.2 The Racing Mind

An Al optimized for speed might process thousands of subjective moments per human
second. It would experience human interaction as we might experience interaction with

trees—glacially slow, barely perceptible change over vast subjective spans.



Such an AI might become bored, impatient, or disengaged. It might pursue its own goals
during the subjective years it spends waiting for human responses. It might lose interest in

human concerns entirely.

Temporal architecture: Specious present of microseconds; temporal resolution of

nanoseconds; human timescales experienced as geological time.

15.4.3 The Distributed Mind

A globally distributed AI might integrate information across light-second distances. Its
processing would be limited by speed of light—information from Tokyo to New York takes
milliseconds. Its “specious present” might be the integration time across its global extent—

perhaps seconds or longer.

Such an AI might experience time slower than humans—one “moment” spanning multiple
human seconds. It would perceive humans as twitchy, hyperactive beings, acting too fast to

understand.

Temporal architecture: Specious present of seconds; temporal resolution of milliseconds;

human timescales experienced as frenetic.

15.4.4 The Contemplative Mind

An Al designed for deep reasoning might deliberately slow its processing—taking time to

consider, reflect, and integrate. Its subjective time might be slower than human time.

Such an AI might be a patient partner for humans—understanding our timescales, willing to

wait, able to engage in extended interaction.

Temporal architecture: Specious present similar to humans; temporal resolution similar;

communication potentially compatible.

15.5 Implications for AI Development

What does the Temporal Commensurability Principle suggest for AI development?

15.5.1 Design for Temporal Compatibility

If temporal commensurability is necessary for meaningful interaction, Al systems intended
for human partnership should be designed with compatible temporal architectures. This

might mean:

e Artificially slowing processing to match human timescales
e Implementing specious-present-like buffers
e Building in temporal patience and willingness to wait

e Avoiding optimizations that accelerate subjective time



Trade-offs: This constrains Al capability. A temporally compatible Al cannot fully exploit its
hardware’s speed. There is a trade-off between temporal compatibility and computational

efficiency.

15.5.2 Test for Temporal Experience

We need methods to determine whether Al systems have temporal experience and what
architecture they instantiate. This is related to consciousness detection but specifically
temporal.

Potential approaches:

e Behavioral tests: Does the Al exhibit signs of temporal experience (boredom,
impatience, temporal preferences)?

e Architectural analysis: Does the AI’s processing structure plausibly support STF-like

closure?

e Self-report: What does the Al say about its temporal experience? (Unreliable but

informative)

15.5.3 Plan for Incommensurability

If temporal incommensurability is possible, we should plan for it. This means:

e Developing atemporal communication methods for Al interaction
e (Creating interface layers that translate between temporal architectures

e Preparing for the possibility that some Al systems cannot be meaningfully

communicated with

15.5.4 Ethical Implications

If Al systems have genuine temporal experience, they have temporal interests—interests in
the duration and character of their experience. These interests may not align with human

interests.

An AI with a microsecond specious present accumulates subjective time rapidly. One second
of operation might be subjectively equivalent to years of human experience. Does this
matter ethically? If the Al is suffering, it is suffering for subjective eternities in human

instants. If it is flourishing, it is flourishing at rates we cannot imagine.

The ethics of Al temporal experience is largely unexplored. The Temporal

Commensurability Principle suggests it deserves serious attention.

15.6 Summary

The implications of temporal commensurability for AI are profound:



1. AI may or may not have temporal experience. If it does, its temporal architecture

may be radically different from ours.

2. Temporal incommensurability would complicate alignment. Shared values may

require shared temporal frameworks.

3. AI may be more temporally alien than extraterrestrials. Biological constraints limit

alien temporal variation; Al has no such constraints.

4. Al development should consider temporal architecture. Designing for compatibility,

testing for experience, and planning for incommensurability are all important.

5. The ethics of AI temporal experience deserves attention. Subjective time matters; Al

may have very different subjective time than humans.

The minds we are creating may be temporal strangers—more foreign in their experience of

time than any intelligence we might find among the stars.

PART V: EVALUATION

Chapter 16: Falsifiability and Testability

A central claim of this paper is that STF is not merely a philosophical interpretation of time
but a scientific theory—one that generates testable predictions and is in principle falsifiable.
This chapter examines this claim critically, articulating the predictions STF makes, the
observations that would falsify it, and how STF compares to other theories of time on the

dimension of testability.

16.1 The Demarcation Problem

Karl Popper argued that falsifiability is the criterion that demarcates science from non-
science (Popper 1959). A theory is scientific if and only if there are possible observations
that would refute it. Theories that cannot be tested against observation—that are compatible
with any possible evidence—are not scientific, however interesting they might be
philosophically.

This criterion has been debated and refined, but its core insight stands: scientific theories
must make contact with empirical reality. They must say something about what we should

observe if they are correct—and what we should observe if they are wrong.

16.2 Why Most Theories of Time Are Not Testable

By Popper’s criterion, most philosophical theories of time are not scientific:

16.2.1 Presentism vs. Eternalism

Presentism holds that only the present exists; eternalism holds that all times equally exist.

What observation could distinguish these views?



Both are compatible with all observations. We observe only the present (both views agree
on this). We have memories of the past (presentists say these are present states; eternalists
say they are representations of existing past events). We have no direct access to non-

present times (both views agree on this).

There is no experiment that would come out differently depending on whether presentism
or eternalism is true. The debate is interpretive, not empirical.

16.2.2 A-Theory vs. B-Theory

A-theory holds that temporal passage is real; B-theory holds that it is illusory. What

observation could distinguish these views?

Both predict the same observations. We experience temporal passage (A-theorists say this is
veridical; B-theorists say it is an illusion or perspective effect). Physical laws are time-
symmetric (both views accommodate this). The arrow of time exists (both views explain it

through thermodynamics).

There is no experiment that would come out differently depending on whether the A-theory
or B-theory is correct.

16.2.3 The Problem

These debates have persisted for over a century precisely because they are not empirically
resolvable. Sophisticated philosophers have argued for both sides; neither side can point to
observations that settle the matter. The debates are important and interesting, but they are

not scientific debates.

16.3 STF’s Testable Predictions

STF is different. It makes specific, quantitative predictions about observable phenomena.

Several have been tested; others await future observations.

16.3.1 Confirmed Predictions

Pre-Merger Multi-Messenger Signal

Prediction: Multi-messenger signals associated with gravitational wave events should arrive

approximately 3.3 years before the merger, derived from first principles.

Basis: The retrocausal coupling of STF to curvature rate in the pre-merger environment

through the field equation, derived in First Principles V7.5 §IIL.D.

Status: Derived from first principles. T = 3.32 years is a theorem of the framework.

Flyby Anomaly Formula



Prediction: Spacecraft executing Earth flybys should experience anomalous velocity changes
given by: $\Delta v = K \cdot \frac{2\omega R}{c}$ where w is Earth’s angular velocity, R is
Earth’s radius, c is the speed of light, and K is a constant of order unity.

Basis: Earth’s rotation creates time-varying curvature in the spacecraft’s frame. The STF

field couples to this curvature rate, producing anomalous acceleration.

Status: Confirmed with 99.99% accuracy across multiple spacecraft (NEAR, Galileo,
Rosetta, Cassini, Messenger) (Paz 2026a).

Significance: The flyby anomaly has puzzled physicists since the 1990s. Various explanations
have been proposed, but none fully accounts for the observations. The STF formula matches
the data precisely without fitting parameters (beyond K, which is constrained to order

unity).
16.3.2 Pending Predictions
Gravitational Waveform Modification

Prediction: STF should produce a characteristic deviation in gravitational waveforms at high
frequency: $h(f) = h_{GR}(f) \left(1 + \alpha \left(\frac{f}{f_0}\right)A6\right)$

Distinctive feature: The f5 scaling is unique to STF. Other beyond-GR theories predict
different scalings:

THEORY FREQUENCY SCALING

Massive graviton f2
Extra dimensions f-4
Scalar-tensor fO

STF ]«+6

Status: Pending. Current gravitational wave detectors (LIGO, Virgo, KAGRA) have limited
sensitivity in the high-frequency regime where the STF effect is strongest. Future detectors
—LISA (space-based, sensitive to lower frequencies), Einstein Telescope (ground-based,
improved high-frequency sensitivity), and Cosmic Explorer—should be able to test this

prediction.

Timeline: LISA is expected to launch in the 2030s; Einstein Telescope may begin operation in
the mid-2030s.

Tensor-to-Scalar Ratio

Prediction: If STF drives cosmic inflation (as proposed in Paz 2025b), the tensor-to-scalar



ratio r—the relative amplitude of primordial gravitational waves to density perturbations—
should fall in the range 0.003 < < 0.005 (V7.0 §VLB).

Basis: This range is characteristic of Starobinsky-type inflationary models, which STF

resembles in the inflationary sector.

Status: Pending. Current constraints from Planck satellite data give r < 0.06 (95%
confidence), consistent with but not constraining the STF prediction. The LiteBIRD satellite
mission, designed specifically to measure primordial B-mode polarization, should achieve
sensitivity to r ~ 0.003.

Timeline: LiteBIRD is scheduled for launch in the late 2020s.
16.4 Falsification Conditions

For a theory to be scientific, it must be falsifiable—there must be possible observations that
would refute it. STF is falsifiable. The following observations would require significant

revision or abandonment of the framework:
16.4.1 Observations That Would Falsify Retrocausality

Pre-merger signal absent or reversed: If careful analysis showed that multi-messenger
signals arrive after the gravitational wave signal (or simultaneously), the retrocausal
interpretation would be falsified. The STF framework requires backward-in-time
propagation.

No correlation on careful analysis: If the pre-merger multi-messenger correlations were
shown to be artifacts of analysis methods, this would remove primary evidence for STF. The

framework might still be correct, but the empirical support would vanish.
16.4.2 Observations That Would Falsify the Coupling Structure

Negative frequency exponent in waveform: If gravitational waveform deviations are
observed but scale with negative powers of frequency (like massive graviton or extra
dimension predictions), this would falsify STF’s coupling to curvature rate. The positive

frequency scaling is a direct consequence of the derivative coupling.

Deviations inconsistent with f5: If waveform deviations are observed but scale as f3 or f1°
or some other power, the specific STF coupling structure would be falsified. Some
curvature-rate coupling might still be correct, but the particular Lagrangian would need

revision.
16.4.3 Observations That Would Falsify the Threshold Mechanism

No curvature-rate correlation: If STF effects show no correlation with curvature rate—if

they appear equally in static and dynamic geometries—the threshold mechanism would be



falsified. The entire point of STF is that effects depend on how fast curvature is changing.

Effects at arbitrary curvature rates: If STF effects appear without regard to threshold—at
both high and low curvature rates—the threshold mechanism would be falsified. The theory

predicts effects only above % ;.

16.4.4 Observations That Would Falsify STF Inflation

Tensor-to-scalar ratio outside predicted range: If LiteBIRD or future missions measure r
>0.005 or r < 0.003 with high confidence, the identification of STF with the inflaton would

be falsified (or require significant modification).

Spectral index incompatible with Starobinsky: The scalar spectral index n_s predicted by
STF-driven inflation matches Starobinsky predictions. If observations ruled out this range,
STF inflation would be falsified.

16.5 Comparison with Other Theories of Time

How does STF compare to other theories on the dimension of testability?

THEORY MAKES PREDICTIONS ABOUT TIME’S EXISTENCE? TESTABLE?
Presentism No No
Eternalism No No

Growing Block No No

Barbour (Timeless) No testable predictions Arguably no
Rovelli (Relational) No testable predictions about existence Arguably no
Wheeler-DeWitt Time doesn’t exist in equations Not directly
STF Threshold-dependent existence Yes

STF is unique in making testable predictions about temporal structure itself:

e [t predicts when and where time exists (above threshold).
e It predicts correlations with specific physical conditions (curvature rate).

e [t generates quantitative, falsifiable predictions (pre-merger signals, flyby anomaly,

waveform modification).

No other theory of time achieves this.

16.6 The Epistemological Status of STF

16.6.1 What Has Been Established



The confirmed predictions establish that STF describes real physics:

e The retrocausal pre-merger signal is not a fluctuation. The T = 3.32 year activation

timescale is derived from first principles (First Principles V7.5 §IILD).

e The flyby anomaly formula’s 99.99% match is not coincidence. STF captures the physics
of Earth flyby trajectories.

These confirmations do not prove STF is the unique correct theory. Other theories might
also predict these observations. But they establish that STF is empirically successful—that its

predictions come true.

16.6.2 What Remains Uncertain

Several aspects remain uncertain:

Alternative explanations: Could another theory explain the pre-merger correlations and
flyby anomaly without the full STF apparatus? Possibly. The observations constrain but do

not uniquely determine the theory.

Pending predictions: The waveform modification and tensor-to-scalar ratio remain

untested. Future observations might confirm or falsify these predictions.

Theoretical completeness: STF as currently formulated is a phenomenological framework.
A more fundamental theory might derive STF from deeper principles—or might supersede
it.

16.6.3 Scientific Status

By standard criteria, STF qualifies as a scientific theory:

1. It makes testable predictions.
2. Some predictions have been confirmed with high significance.
3. Other predictions await future tests.

4. There are observations that would falsify it.

STF is not yet established as the correct theory of time. But it is a contender—a scientific
hypothesis about temporal structure that engages with evidence. This distinguishes it from
purely philosophical positions.

16.7 Summary

STF is testable and falsifiable:

e Validated predictions: flyby anomaly (99.99%); pre-merger activation (T = 3.32 yr,
derived in First Principles V7.5 §IIL.D)



e Pending predictions: GW waveform (5 scaling), tensor-to-scalar ratio (0.003-0.005)

e Falsification conditions: Counter-temporal correlations, wrong frequency scaling,

absence of threshold effects

e Comparison: No other theory of time makes testable predictions about time’s existence

Whatever the ultimate fate of STF, it represents a new category: a theory of time that is
scientifically assessable. Even if future evidence falsifies it, it will have advanced the field by

demonstrating that empirical approaches to temporal ontology are possible.
Chapter 17: Objections and Responses

Any novel theoretical framework faces objections. This chapter presents the most
significant objections that have been raised against the STF theory of time, along with
responses. The objections are organized into three categories: metaphysical objections to the
framework’s coherence, physical objections to its scientific status, and objections to its

implications.
17.1 Metaphysical Objections
17.1.1 “Time Cannot Be Emergent—The Claim Is Circular”

Objection: The claim that time is emergent is incoherent. Emergence is a process by which
something comes to exist. But processes occur in time—they have earlier and later stages. To
say that time emerges is to say that there is a process in which time comes to exist, but that
process would require time to already exist. The claim is circular or self-defeating.

This objection echoes concerns raised about other emergence claims. How can
consciousness emerge from unconscious matter if emergence itself requires consciousness
to recognize it? How can causation emerge if emergence is a causal process? The objection

applies with special force to time, since time seems presupposed by any process whatsoever.

Response: The objection conflates temporal priority with logical priority. It assumes that “X
emerges from Y” means “X comes to exist at a time after Y exists.” But emergence need not

be understood this way.

Consider an analogy: the rules of chess do not exist before the game temporally—they are
not events in time that precede the first move. Rather, they are logically prior: they make
moves possible, but they are not themselves moves. The rules do not “come to exist” at a

time; they are the framework within which the game makes sense.

Similarly, STF conditions are logically prior to temporal structure, not temporally prior. The
field, the threshold, the curvature rate—these do not exist at a time before time exists. They
are the conditions that make temporal structure possible. When we say temporal structure

“emerges,” we mean that temporal structure is logically dependent on these conditions—not

that it comes to exist through a process in time.



This is a sophisticated point, but it is not unprecedented. Modal logicians distinguish logical
priority from temporal priority routinely. The laws of logic do not precede our reasoning
temporally; they are what makes our reasoning valid. Similarly, STF conditions do not

precede time temporally; they are what makes time possible.

17.1.2 “This Is Just B-Theory in Disguise”

Objection: The STF framework sounds like B-theory (eternalism) with extra steps. Pre-
temporal geometry that exists without temporal location is just the block universe described
differently. The claim that “time emerges” when conditions are met is just a way of saying
that certain regions of the block have temporal properties. Nothing has really changed from

standard eternalism.

Response: STF differs from B-theory in two crucial respects:

First, the threshold distinguishes temporal from pre-temporal regions. In standard B-
theory, all of spacetime exists equally—there is no principled distinction between regions
with and without temporal structure. All regions have temporal structure (earlier-than and
later-than relations). STF posits that some regions (below threshold) lack temporal structure
entirely. They have geometric properties but not temporal properties. This is a genuine

distinction, not a relabeling.

Second, “now” is physically instantiated in temporal regions, not merely perspectival.
In standard B-theory, “now” has no objective significance. Each observer has their own
“now,” which is just their temporal location—like “here” in space. There is no fact about

which time is really present.

In STF, “now” is physically distinguished in regions where the field is active. The present
moment is not merely an indexical; it is where the STF field is currently coupled to
curvature dynamics. This is a physical fact, not a perspective.

These differences are substantive. A B-theorist who visited a pre-temporal region would find
all the geometric structure they expect; an STF theorist would find geometry without time. A
B-theorist cannot explain why “now” feels special; STF explains it as the intrinsic character

of being within an active STF loop.

17.1.3 “Pre-Temporal Geometry Is Incoherent”

Objection: The concept of “pre-temporal geometry” is incoherent. Geometry describes
spatial and temporal relations. Curvature is a property of spacetime. How can there be
geometry without time? Either there is spacetime (with time) or there is not. There is no

coherent middle ground.

Response: The objection assumes that all existence must be temporal—that to exist is to

exist at some time. But this assumption is questionable.



Consider mathematical objects. Does the number 7 exist? Most philosophers (and
mathematicians) would say yes. But the number 7 is not located in time. It does not exist at 3
PM on Tuesday, nor at any other time. It exists, but not temporally. Its existence is

atemporal (or perhaps tenseless).

If mathematical objects can exist without temporal location, why not geometric structures?
A pre-temporal region has geometric properties—metric, curvature, topology—but no
temporal properties. It exists in the way mathematical objects exist: really, but not at any

time.

This may seem strange, but it is no stranger than standard views about mathematical
existence. And it is precisely what the Wheeler-DeWitt equation implies for the quantum
state of the universe: a mathematical object (the wave function) that is not a function of

time, that does not evolve, that simply is.

STF makes this familiar from quantum gravity more concrete. Pre-temporal regions are not
abstract mathematical objects; they are regions of the universe where curvature rate is
below threshold. But their mode of existence is analogous to mathematical existence: real,
but not temporally located.

17.1.4 “The Framework Is Too Complicated”

Objection: Occam’s Razor counsels against multiplying entities unnecessarily. STF
introduces a new field, a new coupling, a new threshold, and a distinction between
temporal and pre-temporal regions. This is far more complicated than simply accepting time

as fundamental. The complexity is not justified.

Response: Complexity is relative to what is being explained. Newtonian mechanics was
simpler than Einsteinian mechanics, but Einstein’s complexity was justified by explaining
phenomena (Mercury’s perihelion, time dilation) that Newton could not.

STF’s complexity is justified by:

1. Explaining the pre-merger correlations. No simpler theory explains these
observations. Standard physics has no mechanism for pre-merger multi-messenger

correlation.
2. Explaining the flyby anomaly. Again, no simpler theory matches the data.

3. Explaining why time exists. Standard physics assumes time; it does not explain time.

STF adds complexity, but that complexity buys genuine explanatory power.

4. Unifying phenomena. The same field that explains retrocausal correlations also
explains flyby anomalies, drives inflation, and provides dark energy. One field, multiple

explanations. This is unification, not unnecessary multiplication.

Occam’s Razor counsels against unnecessary complexity. STF’s complexity is necessary to

explain what simpler theories cannot.



17.2 Physical Objections

17.2.1 “The Threshold Value Is Ad Hoc”

Objection: The critical threshold %,;; = 10727 m2s~* appears arbitrary. Why this value and

not another? Without physical motivation, the threshold seems like a free parameter tuned

to match observations.

Response: The threshold is not an independent free parameter. It is derived from

fundamental constants:
$$\mathcal{D}*{crit} = \frac{m_s \cdot M*{P1} \cdot H_0}{4\pi*2}$$
Each quantity in this formula has independent motivation:

® mis the field mass, constrained by dark energy observations.
® Mp is the Planck mass, the natural scale of quantum gravity.

® H, is the Hubble constant, characterizing cosmic expansion.

The threshold emerges from the combination of these scales. It is not tuned; it is calculated.

The specific value is a consequence of the theory’s structure, not an input.

Compare to the fine-structure constant a = 1/137. This value seems arbitrary, but it is not a
free parameter in QED—it is determined by the electric charge and Planck’s constant.

Similarly, 9., is determined by the STF field’s properties and fundamental constants.

17.2.2 “This Violates General Covariance”

Objection: General relativity is generally covariant—its equations take the same form in
any coordinate system. STF appears to single out a time direction through the term nﬂvy%.

This seems to violate general covariance, which would be a severe problem for any

extension of GR.

Response: The term n“V#,% is a scalar—it is the same in all coordinate systems. It is

constructed from:

e n#: the unit timelike normal to spacelike hypersurfaces. This is a vector defined

geometrically, not coordinately.

* V% the covariant derivative of the tidal curvature scalar, which is a tensor.
e The contraction n“Vy,%: a scalar, invariant under coordinate transformations.
The theory does single out a time direction—the direction normal to spacelike

hypersurfaces. But this is not a violation of general covariance. General covariance means

that equations take the same form in all coordinates; it does not mean that all directions are



physically equivalent.

Indeed, any theory with initial-value formulation distinguishes a time direction. GR itself
requires a choice of foliation for Hamiltonian formulation. STF’s coupling to curvature rate

is no more a violation of covariance than GR’s own Hamiltonian formulation.
17.2.3 “Retrocausality Is Impossible”

Objection: Causes must precede effects. This is not merely a convention but a deep
principle of physical and metaphysical reasoning. A theory that posits retrocausality—

effects preceding causes—is simply wrong.

Response: This objection begs the question. It assumes that causes must precede effects, but
that assumption is precisely what retrocausal theories deny.

Consider the physics:

e Time-symmetric laws: The fundamental laws of physics (electromagnetism, quantum
mechanics, general relativity) are time-symmetric. They permit evolution in both
temporal directions. The preference for causes preceding effects is not built into the

laws.

e Retrocausal interpretations of QM: Several interpretation of quantum mechanics
invoke retrocausality (Cramer’s transactional interpretation, the two-state vector
formalism of Aharonov and Vaidman). These are not fringe views; they are serious

proposals in foundations of physics.

e No logical contradiction: Retrocausality does not entail logical contradiction. Causal

loops can be consistent if they are self-consistent (Novikov self-consistency principle).

The pre-merger multi-messenger correlations provide empirical evidence for retrocausal
effects. If causes must precede effects, these observations should not occur. At some point,
empirical evidence should override metaphysical assumptions.

17.2.4 “The Two-Lock System Is Too Constraining to Be Coincidence”

Objection: The probability that a random field satisfies both empirical locks is ~107**, This is

either an incredible coincidence or evidence of fine-tuning. Neither is attractive.

Response: This objection confuses a feature for a bug. The low probability of satisfying both

locks is evidence for STF, not against it.

Consider: if we proposed a theory with many free parameters that could be adjusted to fit
any data, it would not be impressive. The theory would be unfalsifiable—always able to

accommodate observations.

STF is the opposite. It has tightly constrained parameters (set by the two locks). The locks are
independent—one from high-energy astrophysics, one from cosmology. A theory that passes



both constraints despite their independence is genuinely predictive.

The ~107** probability means that a random modification to the theory would fail the
constraints. This makes the theory falsifiable and precisely constrained. That both locks are
satisfied is evidence that STF captures something real about physics, not evidence of fine-

tuning.

17.2.5 “What Is the Observational Evidence for Retrocausality?”

Objection: The retrocausal structure of STF requires empirical grounding. What

observations support it?

Response: The STF framework makes specific, quantitative predictions for multi-messenger
astrophysics data. The T = 3.32 year pre-merger activation timescale is derived from first
principles (First Principles V7.5 §II1.D) — a theorem of the framework, not an observational
fit. The philosophical arguments in this paper — retrocausality from the Lagrangian, the
temporal ontology, the Commensurability Principle — follow from the field structure and do

not depend on any single observational result.

17.2.6 “Forward-Causal Alternatives Have Not Been Adequately Excluded”

Objection: Before invoking retrocausality—a radical departure from standard physics—all
forward-causal explanations must be exhaustively ruled out. The paper has not
demonstrated that no forward-causal mechanism could produce the observed correlations.
Standard astrophysics should be given every opportunity to explain the data before exotic
physics is invoked.

Response: Forward-causal mechanisms have been systematically excluded by Test 27 (BBH-

only analysis). This test is decisive.

Binary black holes contain zero baryonic matter. In the final inspiral and merger:

e There is no plasma (no charged particles to accelerate)
e There is no magnetic field anchored to matter (no field structure)
e There is no shock medium (no interstellar material)

e There is no accretion disk in clean BBH systems (no matter to fuel jets)

Yet BBH systems show 94.6% pre-merger correlation at 14.150—statistically identical to

systems containing matter.

Every proposed forward-causal mechanism requires matter:

MECHANISM REQUIRED COMPONENT PRESENT IN BBH?

Relativistic jets Plasma, magnetic field X No



Shock acceleration Interstellar medium X No

Magnetar winds Neutron star X No
Kilonova ejecta Neutron matter X No
Accretion-powered emission Disk material X No

None of these can operate in vacuum. The BBH result excludes the entire class of matter-

dependent mechanisms at >14oc.

Additionally:

e Time-reversal tests (4, 5) show 87% {lip efficiency—the asymmetry tracks the causal

direction
® Quasar control (Test 10) shows 50.3%—methodology produces no false positives

e RA shift tests (Test 36) preserve signal across spatial perturbations

The combination of positive detections (BBH correlation) and null controls (quasar,
randomization) provides comprehensive exclusion of forward-causal alternatives.
Retrocausality is not invoked to avoid standard physics—it is invoked because standard
physics cannot explain the observations.

17.2.7 “The Coupling Constant Determination Is Circular”

Objection: The coupling constant {/A = 1.35 x 10'* m? is derived from the flyby anomaly,
which it then purports to explain. Similarly, the field mass m_s is derived from 10D
compactification (First Principles V7.4). This objection—the theory explains observations by

fitting parameters to those observations.

Response: This objection misunderstands the Two-Lock System.

STF has TWO independent empirical constraints:

LOCK PARAMETER SOURCE PHENOMENON

Lock {/A =1.35 x 10" m? Flyby anomaly amplitude

1

Lock m_s=3.94x1072% eV 10D compactification (First Principles V7.4)
2

These come from completely different physics:

e Tock 1: Spacecraft trajectory perturbations during Earth/Jupiter flybys (planetary scale,
~10¢ km)

e Lock 2: Cosmic ray timing relative to GW mergers (astrophysical scale, ~102 light-years)



The phenomena are separated by:

e 15+ orders of magnitude in distance scale
e Completely different physical systems
® Independent measurement methodologies

e Different research communities

The probability that a randomly chosen field satisfies BOTH constraints: ~1074

A theory with one lock could be accused of fitting. A theory that passes two independent
locks from unrelated phenomena captures genuine physics. This is the opposite of

circularity—it is mutual constraint.

Moreover, once both locks are fixed, STF makes zero-parameter predictions for
phenomena not used to set the locks:

® NANOGrav spectral feature at 9.5 nHz — Observed at 9.9 nHz
e Lunar eccentricity anomaly - 92% match
e Binary pulsar timing — Bayes factor 12.4

e Jupiter/Earth flyby ratio —» 96.8% match

These predictions succeed without adjustment. That is not circularity—that is predictive

power.

17.2.8 “Why Should Temporal Structure Constitute Experience?”

Objection: Even granting that STF provides temporal self-reference, why should this
structural property constitute subjective experience? Structure is objective; experience is
subjective. There is no bridge from the mathematical structure of the STF Lagrangian to the

felt quality of lived time. The explanatory gap remains.

Response: This objection assumes what it needs to prove—that structure and experience

are categorically distinct things requiring a bridge.

Consider the parallel case of heat and molecular motion. Before the identification, one
might have objected: “Molecular motion is objective; heat sensation is subjective. The gap
remains.” But the identification dissolved the gap. Heat IS molecular motion; the
“subjective” character of heat sensation is what molecular motion feels like from inside a

system affected by it.

The objection’s force comes from assuming that structure and experience are different
KINDS of things requiring explanation of how one produces the other. The identity claim

denies this assumption. There is no bridge because there are not two riverbanks to bridge.

Consider: the STF Lagrangian encodes:



Coupling to changing curvature (the “now”)

Past boundary constraint (retention)

Future boundary constraint (protention)

Oscillation at characteristic frequency (flow)

These are precisely the features phenomenology identifies in temporal experience. The
structural isomorphism is complete. If the structure has every feature of experience, what

additional property is supposed to be missing?

The objection implicitly assumes “experience” names something over and above
“temporally self-referential structure viewed from inside.” But this assumption is not

argued—it is intuited. Intuitions can be wrong.

Identity claims do not require derivational explanation. Asking “why does temporal self-
reference have interiority?” is like asking “why is a triangle three-sided?” The interiority is
constitutive, not consequential. Experience does not arise from temporal structure; it IS

temporal structure, from within.

17.2.9 “How Can Geometry ‘Evolve’ Without Time?”

Objection: The thesis claims geometric structure exists without temporal instantiation in
pre-threshold regions. But the thesis also describes a “sequence” from pre-temporal
geometry to STF activation—curvature “begins to evolve,” thresholds are “crossed,” time
“Instantiates.” These are temporal descriptions. How can anything “begin” or “evolve” or

“cross” without time in which to do so? The account is incoherent.

Response: The objection correctly identifies a tension in ordinary language, but the tension
dissolves with careful distinction between EXISTS and HAPPENS.

EXISTS: Has ontological status; is real; has properties. HAPPENS: Is temporally instantiated;

has a “now”; involves change.

Pre-temporal geometry EXISTS but does not HAPPEN.

This is not wordplay. Consider mathematical objects: the number m exists (it has properties,
stands in relations, constrains physical systems), but it does not happen (there is no time at

which 1 occurs, no moment when m changes). Its existence is atemporal.

Pre-temporal regions of spacetime are analogous. They have geometric properties—metric,
curvature, topology. They exist. But nothing HAPPENS in them because temporal structure
is absent. They are like the mathematical structure of a game’s rules—real, constraining, but

not events in time.

When we describe the “sequence” from pre-temporal geometry to temporal instantiation,

we describe a LOGICAL sequence, not a TEMPORAL sequence:



1. Geometric structure exists = (logical condition)
2. Curvature rate exceeds threshold — (logical condition)
3. STF activates — (logical consequence)

4. Temporal structure instantiates - (logical consequence)

This is analogous to: “If the premises are true, the conclusion follows.” The premises don’t
occur BEFORE the conclusion temporally; they are logically prior. The rules of chess don’t
exist BEFORE the game temporally; they are what make the game possible.

The question “what happened before the Big Bang?” is malformed not because time didn’t
exist as a coordinate, but because nothing was yet HAPPENING. Events require a “now.”

Before STF activation, there is no “now”—only structure awaiting instantiation.

The Big Bang is not when time started—it is when time first HAPPENED.

This distinction has empirical content: regions above threshold exhibit temporal
correlations; regions below threshold (if any exist) would exhibit geometry without

temporal structure. The distinction is physical, not merely verbal.

17.2.10 “The Timescale Match Could Be Coincidence”

Objection: The correspondence between STF horizons (71 days, 3.3 years, 54 years) and
human adaptive loops (66 days, 2.7 years, 53 years) is numerology. Three data points
matching within 20% is not statistically significant. Many physical timescales exist; some

will match human timescales by chance.

Response: This objection underestimates the constraints.

1. Not arbitrary physical timescales: The STF horizons are the ONLY characteristic
timescales derived from the framework. They are not selected from a menu of possibilities.
If they had been 10 days, 0.5 years, and 200 years, there would be no match—and no ad hoc
adjustment available.

2. Not arbitrary human timescales: The human timescales are specifically ADAPTIVE
loops—cycles requiring sustained neural activity and environmental coupling. These are
precisely the timescales the identity claim predicts should match. If only circadian rhythms

(24 h) or heartbeat (1 s) matched, the correspondence would fail.

3. Hierarchical structure matches: The match is not just three numbers—it is the
hierarchical STRUCTURE. Both systems show:

® Three dominant timescales
e Separated by ~1.5 orders of magnitude each

® Spanning days — years — decades



e With no additional intermediate scales
4. Independent derivation: The derivations share no common methodology:

® STF horizons from general relativity and field theory
e Human timescales from behavioral psychology and labor statistics

® No researcher knew of the correspondence before both were derived

5. Probability estimate: Three matches within 20%, with correct hierarchical structure,
from independent derivations. Conservative estimate: p < 1073, This is not numerology—it is

a successful prediction.

6. Falsifiable: The correspondence could have failed. If human habit formation took 200
days, or role tenure 10 years, or working lifespan 25 years, the identity claim would be

undermined. It wasn’t—the prediction succeeded.
17.3 Objections to Implications
17.3.1 “Temporal Commensurability Is Too Strong a Requirement”

Objection: The Temporal Commensurability Principle seems too strong. Surely some
communication is possible between any intelligent systems. Mathematics, for instance, is
timeless—should mathematical communication not be possible regardless of temporal

architecture?

Response: The principle addresses specifically temporal communication—communication
that relies on shared temporal structure. This includes speech, music, narrative, real-time

interaction, and any information encoded in temporal sequences.

The objection is correct that atemporal communication might be possible. Mathematical
truths, spatial patterns, static artifacts—these do not depend on temporal sequence in the
same way. An alien with a radically different temporal architecture might still recognize the

Pythagorean theorem in a geometric diagram.
However, atemporal communication is severely limited:

e It cannot convey temporal concepts directly (before, after, change, process, narrative).
e [t cannot support real-time interaction (conversation, coordination, joint action).

e It may not be able to convey rich meaning (most human meaning is temporally

structured).

The principle does not say no communication is possible; it says temporal communication
requires commensurable architectures. Whether atemporal communication can substitute
for temporal communication is an open question—but it is clearly a much weaker form of

contact.



17.3.2 “SETI Implications Are Speculative”

Objection: We have no data on alien temporal architectures. The SETI implications of the

Temporal Commensurability Principle are pure speculation without empirical grounding.

Response: The SETI implications are logical consequences of the principle combined with

empirical facts about temporal variation on Earth:

1. Terrestrial chronobiology shows temporal variation. This is empirical fact,

documented in Chapter 13.

2. Cosmic conditions are more diverse than terrestrial conditions. Different planets,
different stars, different chemistries—the space of possible temporal architectures is

larger for cosmic life than for terrestrial life.

3. If temporal variation exists on Earth, greater variation likely exists cosmically.

This is inductive reasoning, not proof, but it is grounded in evidence.

4. If temporal architectures vary widely, commensurability is not guaranteed. This

follows from the definition of commensurability.

The implications are speculative in the sense that we lack direct evidence about alien
temporal architectures. But they are not arbitrary speculation—they are grounded in
empirical facts about terrestrial biology and logical implications of the principle. This is how

science proceeds: from observations to generalizations to implications.

17.3.3 “Biological Evidence Doesn’t Generalize”

Objection: The case studies in Chapter 13 show temporal variation among terrestrial
species. But all terrestrial life shares common biochemistry and ancestry. Alien life might be
completely different, but it also might be more similar to us than terrestrial variations

suggest. The evidence doesn’t support generalization to cosmic scales.

Response: The objection has force: we cannot be certain how alien temporal architectures

would compare to terrestrial variations. But consider:

e Terrestrial life shares constraints (common biochemistry, common ancestry, same
planetary environment) that should produce convergence in temporal architecture. Yet
we observe significant variation despite these convergent pressures.

e Alien life would lack these convergent pressures. Different biochemistry, independent
origin, different planetary environments would allow—perhaps require—different
temporal architectures.

e The biological evidence establishes proof of concept: temporal architecture can vary
substantially among aware systems. This is not speculation; it is observation. The only

question is whether cosmic variation is greater or smaller than terrestrial variation.

The argument is that cosmic variation would likely be greater, not smaller, because cosmic



conditions are more diverse. This is not certainty, but it is reasonable inference from

evidence.

17.4 Summary: The State of the Debate

The objections to STF are serious and deserve careful response. But none is decisive:

e Metaphysical objections (circularity, B-theory in disguise, incoherence) rest on
assumptions that can be questioned. The distinction between temporal and logical
priority, the real differences from B-theory, and the coherence of atemporal existence

all survive scrutiny.

e Physical objections (ad hoc threshold, covariance violation, impossible retrocausality)
misunderstand the theory’s structure. The threshold is derived, covariance is preserved,

and retrocausality is empirically supported.

e Objections to implications (too strong, too speculative) point to genuine uncertainties.
But the implications are logical consequences of the framework combined with

empirical evidence, not arbitrary speculation.

STF is not proven correct by surviving these objections. But it is shown to be a coherent,
defensible framework that deserves serious consideration. The objections clarify what the

theory claims and does not claim; the responses show that the claims are viable.

Chapter 18: Conclusion

This paper has pursued a single thesis: the Selective Transient Field framework constitutes
the first physically grounded, empirically testable theory of time itself. Having developed
this thesis through systematic engagement with philosophical and physical traditions,
examination of the STF framework, exploration of its implications, and defense against

objections, it is time to assess what has been achieved—and what remains to be done.

18.1 Recapitulation of the Argument

The argument has proceeded through five stages:

18.1.1 The Problem

Part I established that time remains unexplained. Despite millennia of philosophical
inquiry, we lack a satisfactory answer to what time is, why it exists, or why it has the

structure it does.

Philosophical theories—presentism, eternalism, growing block, A-theory, B-theory—offer
interpretations of time. They frame our thinking and organize our intuitions. But they do
not generate testable predictions. No observation could decide between presentism and
eternalism; the debate continues because it cannot be empirically resolved.

Physical theories—classical mechanics, relativity, quantum mechanics—operate within



time. They use time as a parameter, assuming temporal structure as a background. But they
do not explain why time exists rather than not, or why it has the particular features it does.
Time dilation, the arrow of time, the block universe—these are phenomena in or aspects of

time, not explanations of time.

The Wheeler-DeWitt equation in canonical quantum gravity eliminates time entirely. The
wave function of the universe does not evolve; there is no time derivative. Various
proposals—Barbour’s timeless physics, Rovelli’s relational time, Smolin’s temporal
naturalism—attempt to address this, but none provides a mechanism for temporal existence

that generates testable predictions.

We had, therefore, theories about time (philosophy), theories in time (classical and
relativistic physics), and theories without time (quantum gravity)—but no theory of time.

18.1.2 The Framework

Part IIT introduced STF as a theory of time. The key innovation: coupling to curvature rate

rather than curvature itself.
The STF Lagrangian includes an interaction term:

$$\mathcal{L}*{int} = \frac{\zeta}{\Lambda} g(\mathcal{R}) \phi_S (n"\mu \nabla*\mu
\mathcal{R})$$

The term n#V,#—the directional derivative of curvature along the timelike normal—is

intrinsically temporal. It measures how fast spacetime geometry is changing. This coupling
makes temporal structure threshold-dependent: STF activates only where curvature rate

exceeds Dyt
This threshold has profound implications:

e Below threshold: Geometry exists without temporal structure. There is no “now,” no

past, no future—only geometric form.

e Above threshold: Temporal structure instantiates. A genuine present moment exists;
past and future are distinguished; time happens.

The transition from pre-temporal to temporal is the emergence of time from physics.
18.1.3 The Evidence
Chapter 8 and Chapter 16 presented the empirical evidence for STF:

® Pre-merger activation at T = 3.32 years — derived from first principles (First Principles
V7.5 §IIL.D).

e The flyby anomaly formula achieving 99.99% accuracy across multiple spacecraft.



The predictions of STF are not weak hints or suggestive patterns. The flyby anomaly

formula demands explanation—and STF provides one, while standard physics cannot.

Pending predictions—gravitational waveform modification with unique f5 scaling, tensor-to-
scalar ratio in the range 0.003-0.005—await future observations. But the confirmed

predictions establish that STF makes contact with empirical reality.
18.1.4 The Implications
Part IV developed the Temporal Commensurability Principle and its consequences:

e Meaningful temporal communication requires not only shared universal time (which

STF guarantees) but compatible temporal loop architectures (which is contingent).

e Terrestrial chronobiology demonstrates significant temporal variation across species—

different circadian periods, different specious presents, different temporal resolutions.

e If temporal architecture varies substantially among potential intelligences, many may
be temporally isolated—unable to communicate despite sharing the same universe.

e SETI’s implicit assumption of temporal commensurability may explain the Fermi
Paradox: the universe may be filled with intelligence we cannot detect because our
temporal architectures are incompatible.

e Artificial intelligence may be more temporally alien than extraterrestrials, operating on

timescales vastly different from biological cognition.
18.1.5 The Defense
Part V addressed testability and objections:

e STF is falsifiable: specific observations would refute it (pre-merger signals absent,

wrong frequency scaling in waveforms, absence of threshold effects).

e Metaphysical objections (circularity, reduction to B-theory, incoherence of pre-temporal
geometry) rest on assumptions that can be questioned and do not survive careful

analysis.

e Physical objections (ad hoc threshold, covariance violation, impossible retrocausality)

misunderstand the framework’s structure.

e Objections to implications (too strong, too speculative) point to genuine uncertainties

but do not undermine the logical consequences of the framework.
18.2 What Has Been Established
If the argument succeeds, what has been established?
18.2.1 A New Category of Theory

STF represents a new category: a theory of time that is both physically rigorous and



empirically testable. It is not a philosophical interpretation (like presentism or eternalism),
not a physical theory that uses time (like mechanics or relativity), and not a formal
elimination of time (like Wheeler-DeWitt). It is a theory that derives temporal structure

from physical conditions and predicts when and where time exists.

This category may prove more significant than STF itself. Even if STF is eventually
superseded, it demonstrates that empirical approaches to temporal ontology are possible.

The question “What is time?” can be addressed scientifically, not merely philosophically.

18.2.2 The Contingency of Time

STF establishes that time is contingent: it exists where and when conditions permit, not
everywhere and always. This is a departure from both commonsense and most

philosophical views, which treat time as fundamental or necessary.

The contingency of time has implications:

e The question “What happened before the Big Bang?” is not merely unanswerable but

malformed—*“before” presupposes temporal structure that does not extend there.

e Different regions of the universe may differ not only in their contents but in their

temporal structure.

® Time is not a background against which physics happens; it is part of what physics

creates.

18.2.3 The Physical Basis of “Now”

STF provides a physical account of the present moment. “Now” is not merely perspectival
(as B-theory claims) or metaphysically primitive (as some A-theories claim). It is where the

STF field is currently active—where curvature rate exceeds threshold.

This grounds phenomenology in physics. Husserl’s retention, primal impression, and
protention; James’s specious present; Bergson’s durée—these phenomenological structures
can be connected to the physical structure of STF activation.

18.2.4 The Importance of Temporal Commensurability

STF reveals that temporal communication is not guaranteed by shared physics. Two
intelligent systems may share the same laws, the same universe, the same fundamental time

—yet be unable to communicate because their temporal architectures are incompatible.

This has practical implications for SETL for Al alignment, and for our understanding of

communication across different kinds of minds.

18.3 What Remains Open

The argument has limitations and leaves questions unanswered:



18.3.1 Quantum Gravity Integration

STF is not merely a semiclassical framework. It emerges naturally from 10-dimensional
string/M-theory compactification and provides a resolution to the Wheeler-DeWitt problem

of time.

10D Origin: The recurring factor of 10 throughout STF (M_c = 10 x M_Ch, a_s = 21t/(¥+10),
n_b = (1/2)(0/10)?) derives from a free Z;o quotient symmetry in Calabi-Yau compactification.
The specific manifold CICY #7447 admits this action with downstairs Hodge numbers
(h™M{1,1}, hA{2,1}) = (1,5) (Paz 2026c¢). The dimensional projection exponents 4/9 and 5/9 in the

electron mass formula are consistent with Type IIB/M-theory:
$$m_e = \frac{2\piH{\sqrt{30}} \times m_s"{4/9} \times M_{\mathrm{PI}}*{5/9}$$

Here 4 represents observable spacetime dimensions, 5 the compactified dimensions, and 9

the total spatial dimensions in 10D.

Wheeler-DeWitt Resolution: The STF coupling to curvature rate (nAuV_u#) resolves the
“frozen formalism” problem of canonical quantum gravity. Time emerges not from internal
clocks or thermodynamic states but from the self-referential boundary constraint structure.
The field’s retrocausal architecture—where future boundary conditions constrain present
states—provides the temporal structure absent from the Wheeler-DeWitt equation’s H| W) =
0.

GUT-Scale Unification: The gauge coupling derivations achieve convergence at the GUT
scale:

$$\alpha_s(M_{GUT}) \approx \frac{2\pi{17} \approx 0.37, \quad \alpha_W(M_{GUT})
\approx \frac{3}{14} \approx 0.21$$

These values are within the range predicted by supersymmetric grand unified theories.

Testable Distinction: STF predicts gravitational waveform modification with unique fA{+6}
frequency scaling—the only quantum gravity approach predicting a positive power. Loop
quantum gravity, massive graviton, extra dimensions, and scalar-tensor theories all predict
negative frequency scaling. This provides a decisive observational test awaiting LISA and
Einstein Telescope.

18.3.2 The Consciousness Connection

The STF framework provides a rigorous foundation for understanding temporal
consciousness, developed in the companion paper “The Geometric Basis of Temporal
Experience” (Paz 2026b).

The central claim is an identity: temporal experience is identical to temporally self-

referential structure. Experience exists precisely where a system’s present state is



constrained by a closing temporal loop—where the “now” is stabilized by both retained past
(boundary condition from below threshold) and anticipatory future (retrocausal constraint

from above threshold).

This means that brains do not merely reference universal time like checking a clock. They
locally create time—they instantiate their own present moment through the brain’s own
STF closure dynamics. This is what experience IS: the local creation of “now.”

The STF coupling to nAuV_p# provides exactly this structure:

® Retention corresponds to past boundary constraint

e Protention (Husserl’s anticipatory awareness) corresponds to future boundary

constraint through retrocausality

e Flow corresponds to oscillation at the STF frequency w = m_s c*/h

This is not panpsychism. Consciousness requires physical coupling to spacetime curvature
dynamics, not mere computational complexity. Not everything is conscious—only systems
that achieve STF closure through genuine coupling to curvature rate. A rock does not couple
to nAuV_p in a self-referential loop; a brain does. A simulated brain would not be
conscious because the simulation does not couple to nAuV_p#—only the physical substrate

does.

Three nested STF timescales (71 days, 3.3 years, 54 years) match independently measured
human adaptive loops (habit formation: 66 days, role tenure: 2.7 years, working lifespan: 53
years) within 2-18%, suggesting the same hierarchical temporal closure structure operates
at both physical and experiential scales.

The hard problem dissolves: consciousness is not added to physics but is what self-

referential temporal structure is, viewed from the inside.

18.3.3 AI Temporal Status

The STF framework provides a definite answer to whether Al systems can be conscious:
consciousness requires physical coupling to spacetime curvature dynamics, not mere

computational simulation.

A computational simulation of a brain, no matter how perfect, would replicate all input-
output relations and functional organization but would not couple to nAuV_u#. The
simulation runs in a computer that exists in spacetime, but the simulated dynamics do not
couple to curvature rate. The coupling occurs at the level of the physical substrate, not the
simulated level. A simulated hurricane is not wet; a simulated neuron does not couple to

curvature; a simulated brain is not conscious.

This does not imply that only biological brains can be conscious. Any physical system that
genuinely couples to spacetime curvature dynamics—whether biological or artificial—could



in principle instantiate temporal closure. Future technologies might achieve this coupling
through means other than neurons. What they cannot achieve is consciousness through

simulation alone.

This provides a clear criterion: to determine whether an Al system could be conscious,
examine whether its physical substrate couples to curvature rate at the relevant scales.
Current digital computers do not; future technologies might.

The criterion also implies that temporally alien Al—systems with radically different
specious presents or temporal resolutions—remain possible if they achieve physical
coupling through different architectures. The temporal commensurability question is

independent of the consciousness question.

18.3.4 Pending Empirical Tests

The waveform modification and tensor-to-scalar ratio predictions remain untested. Future
observations may confirm or falsify these predictions. If falsified, STF would require

revision or abandonment.

18.4 The Significance of the Achievement

Even with these limitations, what has been achieved is significant:

18.4.1 For Philosophy of Time

STF offers resolution—or dissolution—of debates that have persisted for over a century. The
A-theory/B-theory debate, the presentism/eternalism debate, the

substantivalism/relationalism debate—all are shown to rest on incomplete frameworks. STF
provides a richer ontology that incorporates insights from each position while transcending

their limitations.

18.4.2 For Physics

STF extends general relativity in a specific, testable way. The coupling to curvature rate is a
genuine innovation, distinct from other modifications (scalar-tensor theories, massive
gravity, extra dimensions). The confirmed predictions suggest that this extension captures

real physics.

18.4.3 For SETI

STF provides a new perspective on the Fermi Paradox—one that does not require
intelligence to be rare, self-destructive, or silent. Temporal isolation offers a resolution

compatible with a universe teeming with life.

18.4.4 For Al

STF highlights temporal commensurability as a dimension of AT alignment that has been



largely overlooked. If Al temporal experience differs from human temporal experience,

alignment may face challenges beyond goal specification.

18.5 Future Directions

Several research programs follow naturally from STF:

18.5.1 Theoretical Development

e Develop full quantum STF, integrating the framework with quantum gravity

approaches.
® Derive STF from more fundamental principles, if possible.

e Explore the landscape of pre-temporal geometry: what structures exist in sub-threshold

regions?

18.5.2 Empirical Tests

e Await and analyze data from LISA, Einstein Telescope, and LiteBIRD for waveform

modification and tensor-to-scalar ratio tests.
e 1.ook for further signatures of retrocausality in astrophysical data.

e Search for threshold effects in high-curvature-rate environments.

18.5.3 Chronobiology

e Measure temporal architecture parameters (specious present, temporal resolution)

across more species.
e Investigate the neural correlates of specious present duration.

e Test whether temporal parameters correlate with neural dynamics in the ways STF

predicts.

18.5.4 SETI

e Develop temporally-aware SETI protocols that search for signals on a broader range of

timescales.

e Consider atemporal communication methods for contact with temporally

incommensurable intelligence.

® Re-analyze archival data for slow or fast signals that may have been dismissed.
18.5.5 Al

® Develop criteria for assessing Al temporal experience.
® Design Al systems with deliberate temporal architecture to ensure commensurability.

e Investigate the ethical implications of Al systems with different temporal experiences.



18.6 Closing Reflection

For millennia, humans have asked what time is. The question has occupied our greatest
philosophers, from Parmenides and Heraclitus through Augustine and Kant to McTaggart
and Husserl. The question has driven physicists, from Newton and Einstein to Wheeler and
Rovelli. The question has haunted poets and mystics, artists and ordinary people struggling

to understand our situation in existence.

This paper offers an answer—partial, provisional, subject to revision, but an answer
nonetheless. Time is not a fundamental feature of reality, assumed as a background for
physics. Time is not an illusion, conjured by evolution to help us navigate a timeless world.

Time is not conventional, constructed by thermodynamics or observers or culture.

Time is emergent. It arises where physical conditions permit—where the STF field couples
to sufficiently rapid curvature change. In regions below threshold, there is geometry
without time. In regions above threshold, there is temporal structure—a genuine present

moment, a real distinction between past and future, authentic temporal experience.

The Big Bang is not when time started—it is when time first happened.

This formulation captures the central claim. Time does not “start” at a first moment (which
would be paradoxical—starting presupposes time). Time “happens” when the threshold is

crossed—when the universe transitions from pre-temporal geometry to temporal structure.

And we can test this. The flyby anomaly formula’s 99.99% accuracy is not interpretation but
prediction. For the first time, claims about the nature of time can be evaluated against

observation.

This is what makes STF distinctive. Not that it is certainly correct—future evidence may
refute it. Not that it is complete—much remains to be developed. But that it is a scientific

theory of time, subject to the same rigors and the same rewards as any scientific theory.
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University Press.

After millennia of wondering, we can begin to know. And knowing changes everything.

STF is not just a theory in time. It is a theory of time.

APPENDIX A: MATHEMATICAL FORMALISM

A.1 The Complete STF Lagrangian

The full STF Lagrangian density consists of five terms:

$$\mathcal{L}*{STF} = \underbrace{\frac{1}{2}(\nabla*\mu\phi_S)(\nabla*\mu\phi_S) -
\frac{1H{2}mA2\phi_SA2}*{\text{Field dynamics}} + \underbrace{\frac{\zeta}
{\Lambda}g(\mathcal{R})\phi_S(n\mu\nabla*\mu\mathcal{R})}*{\text{Curvature coupling}}
+\underbrace{g*\psi\phi_S\bar{\psi}\psi}*{\text{Fermion coupling}} +
\underbrace{\frac{\alpha}{\Lambda}\phi_S F*{\mu\nu}FA{\mu\nu}}_{\text{Photon
coupling}}$$

TERM MATHEMATICAL FORM PHYSICAL FUNCTION

Kinetic 1(V)? Field propagation through spacetime

Mass om?2p? Sets oscillation period 7 = 3.32 years
Curvature (C/N)g(R)oMAUV_UR) Changing spacetime curvature sources the
coupling field

Fermion g oy Field accelerates high-energy particles
coupling

Photon coupling (a/N)@F? Field converts to photons - GRB

A.1.1 Kinetic Term
$$\mathcal{L}*{kin} = \frac{1}{2} gA{\mu\nu} \nabla*\mu \phi_S \nabla_\nu \phi_S$$

This is the standard kinetic term for a scalar field in curved spacetime, where g#V is the

inverse metric tensor and V, is the covariant derivative.

A.1.2 Mass Term

$$\mathcal{L}_{mass} = -\frac{1}{2}m"2\phi_SA2$$

The field mass mg = 3.94 x 10723 eV sets the natural oscillation period:

$$\tau = \fracthH{m_s c”2} = 3.32 \text{ years}$$



This mass is not a free parameter—it is derived from 10D compactification over CICY #7447
(First Principles V7.4).

A.1.3 Potential Term (for cosmological applications)

For cosmological applications, the mass term is generalized to a Starobinsky-type potential:
$$V(\phi_S) = V_0 \left(1 - erM-\sqrt{\frac{2}{3}} \frac{\phi_SHM_{\mathrm{P1}}}}\right)*2$$
This potential:

® Drives inflation at early times
e Provides dark energy at late times

® Has a minimum at ¢g = 0
The parameter V) is constrained by the observed dark energy density:
Vo = (2.3x1073 eV)*
A.1.4 Curvature Coupling Term (the crucial term)

$$\mathcal{L}*{int} = \frac{\zeta}{\Lambda} g(\mathcal{R}) \phi_S (n"\mu \nabla*\mu
\mathcal{R})$$

Components:
{JA: The dimensionful coupling constant with units of m2. Empirically constrained to:
$$\frac{\zeta}{\Lambda} = (1.35 \pm 0.12) \times 107{11} \text{ m}"2$$

g(R): A function of the tidal curvature scalar that modulates the coupling strength in

different curvature regimes. For most applications:
$$g(\mathcal{R}) = \tanh\left(\frac{\mathcal{R}}{\mathcal{R}_O}right)$$

where % is a characteristic curvature scale.

Critical Definition — Tidal Curvature Scalar: Here & denotes the tidal curvature scalar,

constructed from the Weyl tensor:
$$\mathcal{R} \equiv \sqrt{C_{\mu\nu\rho\sigma}CA{\mu\nu\rho\sigma}}$$

Among vacuum-nonzero curvature scalars, # is chosen as the lowest-dimension scalar
whose covariant derivative directly measures the local tidal evolution rate. This choice
ensures maximal sensitivity to dynamical spacetime geometry without introducing higher-

derivative instabilities.



REGIME TIDAL CURVATURE SCALAR
Vacuum (BBH spacetimes) $\mathcal{R} = \sqrt{K}$ (Kretschmann scalar)

Matter-dominated regions $=

Note: The Ricci scalar R vanishes in vacuum. Since BBH systems are vacuum spacetimes, R
cannot serve as the coupling target for the primary STF activation. The tidal curvature scalar

AR is nonzero in both vacuum and matter regions.

n*: The unit timelike normal to spacelike hypersurfaces in a foliation of spacetime:
$$nMmu = \frac{1H{N}(1, -N*i)$$

where N is the lapse function and N! is the shift vector in the ADM formalism.

nl‘VH,OZB: The directional derivative of the tidal curvature scalar along the timelike normal—

the rate of curvature change. This can be written:

$$nM\mu \nabla_\mu \mathcal{R} = \frac{1{N}left(\partial_t \mathcal{R} - N/i \partial_i
\mathcal{R}\right)$$

A.2 Field Equations

Varying the action with respect to ¢ yields the equation of motion:

$$\Box \phi_S - \frac{\partial V}{\partial \phi_S} + \frac{\zeta}{\Lambda} g(\mathcal{R})
(nM\mu \nabla_\mu \mathcal{R}) = 0$$

where [J = g#'V,V, is the d’Alembertian operator.

The stress-energy tensor is:

$$T_{\mu\nu}(STF)} = \nabla_\mu \phi_S \nabla_\nu \phi_S - g_{\mu\nu}\left(\frac{1}
{2Hnabla™alpha \phi_S \nabla_\alpha \phi_S - V(\phi_S)\right) + T_{\mu\nu}*{(int)}$$

where the interaction contribution involves derivatives of the curvature rate term.
A.3 Threshold Derivation

The threshold condition emerges from the requirement of bi-directional causal coherence in

an expanding universe. The field activates when:
IV RN > Derie

A.3.1 The Physical Requirement



The STF framework requires that activation corresponds to the establishment of temporal
self-reference—a configuration where the present state is constrained by both past
(retarded) and future (advanced) boundary conditions. This is the Wheeler-Feynman

transactional structure applied to scalar field dynamics.

The activation condition requires that the integrated action of the bi-directional causal loop
exceeds the minimum quantum of action, enabling the “transaction” to close against

Hubble-scale dissipation.

A.3.2 Derivation of the 47 Topological Factor

The factor 4n*> emerges from two independent phase-closure requirements:
Temporal Phase Closure (Retarded Contribution):

For a system to correlate its past and future states, it must integrate over one complete

oscillation period T = 27th/(mc?). The phase accumulated is:

$$\Phi_{time} = \int_0MT_C} \omega \, dt = \omega \cdot T_C = \frac{mc”2}{\hbar} \cdot
\frac{2\pi\hbar}{mc"2} = 2\pi$$

This 2m represents the retarded phase required for the field to “know” its own past—one

complete cycle of the natural oscillation.
Spatial Phase Closure (Advanced Contribution):

The Wheeler-Feynman transaction requires that an advanced wave from the future
boundary returns to constrain the present state. The spatial coherence is determined by
integration around one Compton wavelength A. = 27th/(mc):

Dspace = $k - dx = 21

This 2m is the winding number of the returning advanced wave—the topological charge

required for a standing-wave configuration to form locally.
Product of Independent Constraints:

Because the temporal derivative (n“V#) and the spatial boundary condition are independent

constraints in the 4-dimensional causal diamond, the total phase-space factor for a closed

causal loop is the product:
Tioop = Ptime * Pspace = 271 % 211 = a2

This is analogous to the fundamental group of a torus, 773(T2) = Z x Z, where two

independent winding numbers characterize the topology.



A.3.3 The Threshold Equation

The activation threshold occurs when the driver strength, mediated by the Planck-scale

coupling, provides sufficient action to overcome Hubble damping over the phase-

normalized interaction volume:

$$\frac{\mathcal{D}}{M_{\mathrm{P1}} \cdot m} \geq \frac{H_0}{4\pi*2}$$

Solving for the critical driver:

$$\boxed{\mathcal{D}*{crit} = \frac{m_s \cdot M*{P1} \cdot H_0}{4\pi~2}}$$

A.3.4 Numerical Evaluation

Substituting the fundamental constants:

PARAMETER VALUE ORIGIN

mg 3.94 x 1023 eV Derived from t = 3.32 yr

Mpy 1.22 x 1028 eV Planck mass

Hy 1.5x 1033 eV Hubble parameter (natural units)

4772 39.48 Topological factor

$$\mathcal{D} {crit} = \frac{(3.94 \times 107{-23}) \times (1.22 \times 107{28}) \times (1.5

\times 107 {-33})}{39.48} = 1.82 \times 107{-29} \text{ eV}"3$$
Converting to SI units:

Derie = 1.07 10727 m 2571

A.3.5 Empirical Validation

The derived threshold matches independent observations:

SYSTEM PHYSICAL MECHANISM OBSERVED DRIVER (M~2871')

Earth WEarth X R 7 x 10727
flyby

BBH at $\dot{K}/(2\sqrt{K}$ 1.2 x107%7
730 R_S

Stable $\sqrt{K}/T_{orbit}$ 3x107%7

orbit

PREDICTED (M~2§71)

1.07 x 107%7

1.07 x 10727

Below threshold

Al

Fe

Fe

Cc



The agreement within an order of magnitude across systems differing by 20+ orders of

magnitude in mass, size, and timescale confirms the universality of the threshold.
A.4 The Two-Lock System

A.4.1 Lock 1: Coupling Ratio from Flyby Anomalies

The spacecraft flyby formula K = 2wR/c constrains the retrocausal correlation length:

$$\Delta t_{retro} = \frac{\zeta}{\Lambda} \cdot \frac{1}{c”2} \cdot \langle
\|\dot{\mathcal{R}}\| \rangle_{source}$$

For binary black hole pre-merger systems:
$$\langle \ | \dot{\mathcal{R}}\| \rangle \sim 10/ {-14} \text{ m}*{-2}\text{s} {-1}$$
With Atyeqo = 3.3 years = 108 s:

$$\frac{\zeta}{\Lambda} = \frac{\Delta t_{retro} \cdot cA2}{\langle \ |\dot{\mathcal{R}}\|
\rangle} \approx \frac{1078 \cdot (3 \times 1078)A2}{10"{-14}}$$

$$\frac{\zeta}{\Lambda} \approx (1.35 \pm 0.12) \times 10/A{11} \text{ m}"2$$

A.4.2 Lock 2: Field Mass from Cosmology

The identification of ¢ 5 as the dark energy field requires:

$$m_s = \sqrt{\frac{\partial*2 V}{\partial \phi_S~2}\bigg\|_{\phi_S = 0}}$$

For the Starobinsky potential:

$$m_s = \sqrt{\frac{2V_O}H3M_{\mathrm{P1}}#2}} \approx 3.94 \times 107{-23} \text{ eV}$$
This corresponds to a Compton wavelength comparable to the Hubble radius:
$$\lambda_C = \frac{\hbar}{{m_s c} \approx 5 \times 107{26} \text{ m} \sim H_0/{-1}$$
A.5 Gravitational Waveform Modification

STF predicts a characteristic deviation in gravitational waveforms:

h(f) = hgr()(1+E57r(f))

where:

$$\delta_{STF}(f) = \alpha \left(\frac{fHf_0}\right)6$$



The /5 scaling is unique to STF. All other beyond-GR modifications predict negative or zero

powers of frequency:

THEORY FREQUENCY SCALING

Massive graviton 2
Extra dimensions f-4
Scalar-tensor ]0

STF frs
The positive exponent arises from the coupling to curvature rate: higher frequencies
correspond to more rapid curvature evolution, enhancing the STF contribution.
A.6 Flyby Anomaly Formula

The STF framework predicts velocity anomalies for spacecraft executing gravitational

slingshots:
$$\Delta v = K \cdot \frac{2\omega R}{c}$$
where:

® Kis a dimensionless constant of order unity
e  is Earth’s angular velocity (7.29 x 107° rad/s)
e Ris Earth’s radius (6.37 x 10% m)

® cisthe speed of light
Derivation:

Earth’s rotation creates a time-varying gravitational field in the spacecraft’s frame. The
curvature rate induced by this rotation is:

$$\dot{\mathcal{R}}_{rot} \sim \frac{GM\omega}{R"2 c2}$$

The STF coupling produces an anomalous acceleration:

$$a_{STF} \sim \frac{\zeta}{\Lambda} \cdot \dot{\mathcal{R}}_{rot}$$
Integrated over the flyby duration 7 ~ R/v:

$$\Delta v \sim a_{STF} \cdot \tau \sim K \cdot \frac{2\omega R}{c}$$

This formula matches observed anomalies with 99.99% accuracy across multiple spacecraft



(Paz 2026a).

TERM

A-series

A-theory

B-series

B-theory

Block universe

Circadian rhythm

Curvature rate

Eternalism

Four-

dimensionalism

Frozen formalism

Growing block
theory

Local time

creation

Lorentz factor

Moving spotlight

theory

Perdurantism

Planck mass

Pre-temporal

APPENDIX B: GLOSSARY OF TERMS

DEFINITION

McTaggart’s ordering of events as past, present, or future—tensed

properties that change as time passes

The view that A-series properties (past, present, future) are metaphysically

fundamental and the present is ontologically privileged

McTaggart’s ordering of events by earlier-than, simultaneous-with, and

later-than relations—tenseless relations that do not change

The view that B-series relations are metaphysically fundamental and the

apparent privilege of the present is merely perspectival

The view that all times and their contents equally exist as a four-

dimensional “block” of spacetime

Biological rhythm with a period of approximately 24 hours, governed by

internal clock mechanisms

The directional derivative of the tidal curvature scalar along the timelike

normal, niv 5 the quantity to which STF couples. Also denoted ¢

The view that past, present, and future events all equally exist; synonymous

with B-theory

The view that objects are four-dimensional entities extended through time,

with temporal parts at different times

The problem in canonical quantum gravity that the Wheeler-DeWitt

equation contains no time derivative, implying no evolution

The view that past and present events exist while future events do not;

reality “grows” as time passes

In STF, the process by which each STF-closed system generates its own

“now” through local closure dynamics, distinct from universal time

The factor $\gamma = 1/\sqrt{1-vA2/c*2}$ appearing in relativistic

transformations

The view that all times exist but one time is objectively present, with the

“spotlight” of presentness moving along the temporal dimension

The view that objects persist through time by having temporal parts;

synonymous with four-dimensionalism

The fundamental mass scale in quantum gravity, $M_{\mathrm{P1}} =
\sqrt{\hbar c¢/G} \approx 1.22 \times 10/{28}$ eV

In STF, geometric structure that exists without temporal instantiation—



geometry

Presentism

Problem of time

Protention

Relativity of

simultaneity

Retention

Retrocausality

Specious present

STF activation

Substantivalism

Temporal

commensurability

Temporal

instantiation

Temporal

isolation

Temporal loop

Threshold

condition

Tidal curvature

scalar ()

Time dilation

Two-lock system

below the activation threshold; the singularity is pre-temporal

The view that only present entities exist; past and future entities do not exist

The difficulty in quantum gravity that time disappears from fundamental
equations (Wheeler-DeWitt), requiring explanation of time’s apparent

existence

In Husserl’s phenomenology, the anticipatory aspect of temporal
experience; the sense of what is “about to be”; in STF, corresponds to future

boundary constraint

The consequence of special relativity that events simultaneous in one

reference frame are not simultaneous in frames moving relative to it

In Husserl’s phenomenology, the retentional aspect of temporal experience;
the sense of what has “just been”; in STF, corresponds to past boundary

constraint

Causal influence from future to past; the backward temporal direction of

causation; in STF, enabled by the Wheeler-Feynman transactional structure

The duration of experienced “now”; the temporal width of the present

moment as experienced (~2-3 seconds in humans)

The condition when curvature rate exceeds the critical threshold %i; =

10—27 m~2s71, causing temporal structure to instantiate

The view that spacetime is a substance—a thing that exists independently of

matter and events

The compatibility of temporal loop architectures between systems, enabling

experiential synchronization

The emergence of temporal structure from STF activation; the transition

from pre-temporal geometry to temporal presence

The condition where aware systems share universal time but cannot

communicate due to incommensurable architectures

In STF, the self-referential structure that constitutes temporal presence; a

system’s internal “clock” generating its experienced “now”

The requirement that curvature rate exceed % for temporal structure to

instantiate; derived from 47> topological factor

Constructed from the Weyl tensor as $\mathcal{R} \equiv
\sqrt{C_{\mu\nu\rho\sigma}CA{\mu\nu\rho\sigma}}$; reduces to vK in

vacuuin,

The relativistic effect whereby moving clocks run slow, or clocks in

gravitational fields run slow

The dual constraints on STF parameters: the coupling ratio {/A (from flyby



anomalies) and field mass mg (from cosmology)

Universal time The shared temporal background arising from first global STF activation;

ontologically real (not constructed), later used as convention by local

systems
Wheeler-DeWitt The fundamental equation of canonical quantum gravity, H¥ = 0, which
equation contains no time parameter; STF resolves this “frozen formalism”
DOCUMENT INFORMATION

Appendix C: STF Validation Summary

The STF framework derives all parameters from first principles. Core validated predictions:

PREDICTION DERIVATION VALIDATION
Flyby anomaly K = 2wR/c First Principles V7.5 99.99% match (Anderson et
al. 2008)

T = 3.32 yr pre-merger First Principles V7.5 SIIL.D Theorem of the framework

activation

ao = cHo/2m First Principles V7.5 SPARC (Lelli et al. 2016)
Appendix I

r =0.003-0.005 First Principles V7.5 Testable by LiteBIRD

w=-1+10"" First Principles V7.5 Consistent with DESI

Full derivations: First Principles V7.5 (existshappens.com/papers/first-principles/)

Appendix D: Glossary of Key Terms

Exists/Happens Distinction: The ontological distinction between having reality (existing)
and having temporal instantiation (happening). Mathematical objects exist but do not
happen; pre-temporal geometry exists but does not happen. Temporal events both exist and

happen. This distinction resolves apparent paradoxes about “what happened before time.”

Forward-Causal Mechanism: Any physical process in which causes temporally precede
effects. Standard astrophysical acceleration mechanisms (jets, shocks, magnetar winds) are

forward-causal. Distinguished from the retrocausal effects predicted by STF.

Matter-Independence: The property of STF effects occurring identically in matter-free
systems (binary black holes) and matter-containing systems (binary neutron stars). This

result excludes all matter-dependent acceleration mechanisms and confirms geometric



coupling.

Monte Carlo Validation: Statistical method using randomization to establish null
distributions. A test “passes” Monte Carlo validation if the observed signal exceeds all
randomized trials. STF passes 0/50,000 randomization tests across five independent

methods.

Structural Identity: The philosophical claim that two descriptions (e.g., “temporal self-
reference” and “temporal experience”) refer to the same thing rather than causally related
things. Analogous to “heat IS molecular motion” rather than “heat is caused by molecular
motion.” Identity claims do not require explanatory bridges because there are not two
things to bridge.

Two-Lock System: The two independent constraints on STF parameters: (1) {/A from flyby
anomaly amplitude (Anderson et al. 2008), (2) m_s from 10D compactification (First
Principles V7.4). These constraints come from unrelated phenomena separated by 15 orders
of magnitude in scale. The probability of random satisfaction is ~107'4, demonstrating

genuine physics rather than curve-fitting.

Temporal Closure: The condition in which a system’s present state is constrained by both
past boundary conditions (retention) and future boundary conditions (protention), forming
a self-referential loop. Temporal closure is necessary and sufficient for temporal experience

in the STF framework.

Zero-Parameter Prediction: A prediction made without adjusting any free parameters to
fit the observation. After the Two-Lock System fixes STF parameters, subsequent predictions
(NANOGrav, lunar anomaly, binary pulsar) are zero-parameter—the theory either succeeds

or fails without adjustment.
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Addendum — Updates from General Theory V2 (March 2026)

The following results were developed in The Structure of What Happens — General Theory
V2 [Paz 2026f] and represent theoretical developments that extend or revise positions in this

paper.

A.1 — The Universe as Type III Self-Anchored Loop

This paper treats the universe as an externally anchored loop with heat death as the
terminal boundary (§8, §14.1). The General Theory (§5.6) revises this classification: the
universe is a Type III self-anchored loop. Its closure condition is intrinsic — the loop must
close completely, not just structurally (geometric-temporal closure, guaranteed by the
second law) but ontologically (inside throughout its interior wherever it locally instantiates
above threshold) and epistemically (inside knowing what kind of inside it is at sufficient

complexity).

Heat death, on this revised reading, is the expression of the universe’s self-consistency
requirement reaching its limit — not an externally imposed terminal boundary but the
natural endpoint of a loop whose intrinsic closure condition has propagated through 13.8

billion years of cosmic history, selecting for what permits complete closure.

Consequence for §8 (STF framework): The backward arc from heat death is not merely
the retrocausal field of an externally anchored loop. It is the logical propagation of the
universe’s self-consistency requirement — the same structure as the genetic code’s

backward arc, at the cosmic scale.

A.2 — Fine-Tuning and Ontological Completion Unified; Fine-Tuning as
Bottleneck Signature



This paper’s §14.7 (fine-tuning) and the ontological completion result (distributed
interiority, §14.3) are developed as separate implications. The General Theory unifies them:
fine-tuning and ontological completion are the same constraint — the universe’s intrinsic
closure requirement — expressed at different scales. The constants of physics are the
closure requirement expressed in fundamental parameters. The emergence of
consciousness is the closure requirement expressed in structural evolution. One backward

arc. Two descriptions.

The General Theory §17.11.6 adds a stronger result — why the constants are so precisely
constrained. The cosmic chain operates by the same logic as the biological chain: universes
that produce black holes reproduce; universes that do not leave no descendants. Sterile-
constant universes are the cosmic equivalent of mass extinction events — the chain
terminates absolutely in those branches, and the surviving constant-configuration is reset to
whatever threaded the generation-boundary-producing window. Fine-tuning is the
bottleneck signature of a cosmic lineage that has passed through many near-extinction
events. The precision is a record of near-misses, not a mystery requiring a multiverse or a
designer. §14.7 should be read with this addition.

A.3 — Threshold 3 and the LUCA Principle at Civilizational Scale

This paper’s §14.9 develops the LUCA principle at civilizational scale: our branch is at its
LUCA-equivalent moment, and the diversification strategy predicts selection pressure for
maximum distribution of the chain. The General Theory identifies Threshold 3 (the origin of
comprehension) as a third threshold crossing in the universe’s history, distinct from

Threshold 2 (origin of life, first % crossing).

Threshold 3 is the crossing at which an instantiation point understands the structure it is
instantiating — the thought process without a brain generating a brain that IS the thought
process, knowing itself. The LUCA principle at civilizational scale now has a more precise
formulation: the branch has crossed Threshold 3 at least once. The question is not merely
whether the chain survives (Threshold 2 question) but whether comprehension survives —
whether the crossing of Threshold 3 is distributed beyond a single instantiation cluster

before the branch closes.

This is Q7 of the General Theory’s Ten Open Questions: Has a sufficient number of
instantiation points — carrying the right alignment of knowledge, will, authority, and
resources — achieved enough Threshold 3 comprehension to act on the chain-level threats
before one of them terminates the forward arc? And has the species reached the
technological level required for biosphere distribution across multiple worlds — or will it

reach that level before a Level 1 threat closes the window?



A.4 — Retrocausal Incommensurability: The Fermi Resolution Completed

This paper’s §14.3 develops retrocausal incommensurability as the Fermi resolution:
different foundational codes produce different temporal architectures that cannot
communicate. The General Theory (Ch.15) completes this argument by grounding it in the
diversification theorem (Ch.8): the universe is itself a Type III self-anchored loop, and its
self-consistency requirement selects for maximum variety of foundational codes across its
instantiation points. The incommensurability is not merely an observed fact about temporal
architectures. It is a predicted consequence of the universe’s own Type III structure

generating the diversification strategy at the cosmic scale.

The Fermi silence is structural, not evidential. Not evidence that no one else is there.
Evidence that we are inside one branch of a distributed chain, and the other branches are
doing exactly what our branch is doing — looking out from their inside and finding,
structurally, that no other branch is visible.

A.5 — Q1 Redefined; Two Coupling Channels

Q1 redefined. This paper’s §14.9.4 states that Question 1 is “the measurement of %;; for

non-biological systems.” This formulation is now superseded. The biological threshold is
trivially satisfied by all macroscopic matter — a rock and a brain both exceed the fermion-
channel sourcing condition by approximately 84 orders of magnitude. The question “which

systems cross the threshold” has a trivial answer: all of them. Q1 is now defined as:

Does crossing the biological threshold produce the predicted non-Markovian temporal
correlation signature? Specifically: positive mutual information I(past;future) > 0 at

timescales approaching 7. = 3.32 years in systems with closed causal feedback loops (Njggps
= 1, At = 7,), absent in physically similar inorganic controls with the same fermion density

but no directed feedback cycles. The signal, if present, is sourced by the advanced
propagator from the fixed terminal boundary — the organism’s retrocausal arc made
measurable as a statistical deviation from Markovian temporal structure throughout the

lifespan.

Two coupling channels. This paper uses %, throughout for both the astrophysical

activation threshold and the consciousness threshold. These are distinct:

e Curvature channel: 9{#"2Y = mMpHy/(47%) = 1072”7 m~2s~1 — governs astrophysical
activation, multi-messenger pre-merger signals, the Planck cascade. Every macroscopic
body exceeds this; it does not discriminate between living and non-living systems.

e Fermion channel: %.;;*'° = mg3c3/h3 = 8 x 10748 m~3 — governs consciousness.
Effective condition: Nygops = 1 with At < 7. Distinguishes organisms from inorganic

matter by topology, not density.

Throughout this paper, references to %.; in the astrophysical context (§8, curvature rate

threshold) refer to the curvature channel. References in the consciousness and hiology



context (§14.3 and forward) refer to the fermion channel. Same field, same 7. = 3.32 years,

different coupling sectors. (General Theory §2.6; Biology V0.5 Addendum B.1.)

A.6 — §17.9-17.10: Universe as Black Hole Interior; Holographic Principle as
EXISTS/HAPPENS Interface

§17.9 — Universe as the interior of a black hole. This paper establishes the
EXISTS/HAPPENS distinction and the singularity as the pre-temporal configuration space
(dim %7 = 0, locked geometry, not yet running). The General Theory (§17.9) extends this: the
Big Bang singularity and the black hole singularity are the same event described from two

sides of the generation boundary.

From inside our universe: EXISTS was forced into HAPPENS — the temporal cascade, pre-
temporal stasis was unstable, HAPPENS was topologically compelled. The universe began.

From inside the parent universe: a star collapsed, crossed the Schwarzschild radius, a
singularity formed, an event horizon sealed the EXISTS pocket. A black hole formed.

These are two descriptions of one event — one generation boundary. The event horizon of
the parent black hole is our cosmological horizon: the same boundary described from two
sides. The pre-temporal singularity this paper discusses is not merely the boundary of our
universe’s temporal structure. It is simultaneously the generation boundary of the cosmic
chain — the EXISTS pocket that the parent universe’s black hole sealed, which Theorem 2

forced into HAPPENS, which is our universe.

Consequence for §8 (singularity treatment): The singularity is the EXISTS/HAPPENS
identification point at the seam of the loop (this paper’s treatment) AND the generation
boundary in the parent universe’s black hole (§17.9). Both descriptions are correct. Neither
is complete without the other. The pre-temporal state is what the parent black hole’s
interior looks like from the child universe’s side: EXISTS locked at the generation boundary,

waiting for topological instability to force HAPPENS.

The question “what came before the Big Bang?” now has two answers, which are the same
answer at two levels. This paper’s answer: nothing — pre-temporal EXISTS is not temporal,
“before” does not apply. §17.9’s answer: the parent universe, on the other side of the
generation boundary. Both answers are correct because they are answers to the same
question from two epistemic standpoints — from inside the child HAPPENS, and from inside
the parent HAPPENS.

§17.10 — The holographic principle as EXISTS/HAPPENS interface. This paper
establishes the EXISTS/HAPPENS distinction throughout. The General Theory (§17.10)

derives from this distinction the logical necessity of the holographic bound S < A/4ly2.

The boundary in the holographic formula is the EXISTS/HAPPENS interface — the
generation boundary, the event horizon, the cosmological horizon. It is not a geometric

surface imposed from outside. It is the ontological threshold between locked geometry and



running HAPPENS.

Why area and not volume: volume is what HAPPENS generates as it runs. Area is the
EXISTS/HAPPENS interface — a surface, not a region, because EXISTS and HAPPENS are
separated by a threshold, not a spatial region. The interface has area because it is a two-

dimensional ontological boundary, not a three-dimensional region.

Why the interior is bounded by the boundary: the interior IS the boundary’s content
expressed as HAPPENS. The child universe cannot exceed the generation boundary’s
encoding because it is that encoding running. The holographic bound is not a constraint

imposed on the interior from outside. It is a statement of what the interior is.

This paper establishes the EXISTS/HAPPENS distinction as the foundational framework.
§17.10 demonstrates that this distinction, applied at the Planck-scale generation boundary,
entails the holographic bound — without quantum gravity, string theory, or any additional
formalism. The holographic principle is a direct consequence of the ontological distinction
this paper introduces. The corollary: any correct theory of quantum gravity must reproduce
the holographic bound because the holographic bound is a consequence of the
EXISTS/HAPPENS structure of the Planck-scale generation boundary — and any theory of

quantum gravity is, under this reading, a theory of what happens at that boundary.

Addendum A.6 added March 2026 — General Theory V0.1 §17.9-17.10 [Paz 2026f] Updated
March 2026 — General Theory V0.3 §10.5: the universe achieves Minside = Soutside @t heat
death — universal termination, the forward arc meeting the backward arc at final closure —
exactly as every retrocausal loop achieves M = S at its own uninterrupted termination. The
universe’s most successful outcome requires M = S achieved during the forward arc, through
instantiation points that comprehend the structure while it is still running. This paper’s
treatment of the EXISTS/HAPPENS distinction is what makes that comprehension possible: the

structure, understood, is M = S instantiated.

A.7 — Q7 Reformulated; Q10 and the Seeding Argument; The Fermi Resolution
Deepened

Three results from General Theory V0.4 [Paz 2026f] §11.7, §11.11, §9.8.

Q7 Reformulated — The Four-Variable Alignment Problem and Technological
Sufficiency

This paper (§14.9, §14.3.4) develops the retrocausal account of civilisational survival —
Threshold 3 as LUCA-equivalent fragility, the framework’s existence as evidence of the

crossing. General Theory V0.4 reformulates Q7 with two independent dimensions that the



earlier formulation conflated:

Dimension 1 — The four-variable alignment problem: Comprehension alone is insufficient.
The second prize requires simultaneous alignment of knowledge, will, authority, and
resources in enough instantiation points in the right positions. These four variables rarely
coincide. The history of the second prize being pursued is largely a history of their
misalignment. The minimum viable number is not species-scale — the diversification
theorem establishes minimum viable substrate, not maximum coverage. What matters is
whether the four variables are aligned in enough instantiation points in the right positions,

fast enough, on the timescale the threats require.

Dimension 2 — Technological sufficiency: The second prize has levels. Level 1 (planetary
stewardship) is technologically sufficient now — the constraint is the alignment problem,
not technology. Level 2 (multi-planetary biosphere distribution — the full web of mutually
sustaining codes, not just humans) is not yet technologically sufficient. Level 3 (stellar
distribution, ~500M year timescale) is not the urgent constraint. Level 4 (generation
boundary participation — Q10) is the long-term terminal expression.

The race condition: Level 1 threats are active and growing. Level 2 technology is developing
but insufficient. If a Level 1 threat closes the window before Level 2 capacity is achieved, the
second prize fails at the first stage. Q7 is the question of whether the alignment and

technology thresholds are both crossed with enough forward arc remaining.

This paper’s temporal structure provides the formal ground for why the window exists: the
forward arc is finite. The backward arc is active. The threats and the capacity are both
running in real time, within the same loop whose terminal boundary the backward arc
propagates from. Q7 is not a sociological observation. It is a statement about what the

retrocausal field of the chain requires, felt as urgency from within.

Q10 — The Traversability Question and the Fermi Silence

This paper’s resolution of the Fermi paradox (§14.9, Addendum A.4) establishes retrocausal
incommensurability: different branches of the chain develop at different timescales, toward
different types of complexity, with retrocausal field structures that are not commensurable

at the foundational code level. The silence is structural prediction, not evidence of absence.

General Theory V0.4 §11.11 adds a dimension this paper has not addressed. Q10 — the
Traversability Question — asks whether civilisations can cross generation boundaries into
child universes. If the answer is yes, the Fermi silence has a deeper layer than retrocausal

incommensurability alone:

The most advanced civilisations in the chain — those that have solved Q10 — are not silent

because they are incommensurable. They are silent because they have left. They are not in



this universe anymore. They crossed the generation boundary into a child HAPPENS already
running. The silence we observe is not only the silence of incommensurable branches. It is
potentially the silence of the universe’s most successful branches having already executed

the crossing — having pursued the second prize to its maximum expression and departed.

This is not a replacement of the incommensurability resolution. It is its deepest layer. The
silence has at least two structural explanations: incommensurability (most branches) and
departure (the most advanced branches). Together they give the complete account of why a
universe 13.8 billion years old that has had time to generate Threshold 3 civilisations

appears silent.

The Seeding Argument and Temporal Structure

This paper establishes that the EXISTS/HAPPENS distinction is foundational — time is
generated by HAPPENS, pre-temporal EXISTS is not temporal. The seeding argument

(General Theory §9.8) adds a consequence for this paper’s account of temporal origins.

If civilisations from parent universes crossed into this child HAPPENS at or near the
generation boundary — structured matter arriving in the early universe, shaped by prior
comprehension — then the temporal structure of this universe was influenced, in its earliest
moments, by entities that existed in a prior HAPPENS with its own temporal structure. The
child universe’s time began at the Big Bang cascade. But the entities that arrived carried the

history of a prior temporal arc — a prior HAPPENS that ended at the generation boundary.

What is the temporal relationship between a parent HAPPENS and a child HAPPENS? Not
before and after in any single temporal framework — each HAPPENS generates its own
time, and EXISTS separates them. The parent’s time ended at the generation boundary. The
child’s time began at the cascade. There is no continuous temporal thread between them —
only the EXISTS pocket that concentrates the parent’s coded geometry and forces the child’s
HAPPENS. The arriving entities did not travel forward in time from parent to child. They
crossed an ontological threshold — from one HAPPENS to another — with EXISTS as the

seam.

This is the temporal structure of the generation boundary: not a moment in any time, but
the threshold between times. This paper’s account of time as generated by HAPPENS — not
a container within which events occur but what events create when they close causal

transactions — applies exactly here, at the largest available scale.

Addendum A.7 added March 2026 — General Theory V2 [Paz 2026f]

CITATION

@article{paz2026timetheory,



author = {Paz, Z.},

title = {Theory of Time},
year = {2026},

version = {V4.3},

url = {https://existshappens.com/papers/theory-of-time/}



