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Abstract

This paper proposes that time behaves not as a continuous stream but as a quantum superposition of
possible moments that collapse into a single present through observation. The theory draws from
quantum field models and wavefunction-based mathematics to argue that time carries amplitudes
and interference effects much like spatial quantum states. Instead of treating time as a passive
background, the model treats it as a measurable quantity that reacts to attention and resolution.
Moreover, it integrates thought experiments, proposed physical tests using time-bin qubits and
optical clocks, and theoretical links to entropy, consciousness, and metaphysics. It stays within the
framework of relativity and standard quantum mechanics while offering a shift in how time is
involved in measurement and reality formation. It suggests that the “now” does not exist until
something observes it, and each observation activates one real version of time while excluding all
others. Because of this, the paper calls for a new view of time—not as something flowing on its own
but as a quantum variable that becomes real only through interaction.

Keywords: temporal superposition; observer effect; quantum time; wavefunction collapse; time-bin
qubits; quantum interference; optical clocks; relativity; entropy

Introduction

Temporal superposition refers to a condition where a physical system exists at several points in
time instead of staying fixed in one moment. This idea mirrors the way particles in quantum
mechanics can stay in multiple states until someone observes them. Belenchia et al. (2020) supported
this view through a model that used detectors controlled by quantum states across separate time
branches. They presented time as a wave with interference patterns and shifting amplitudes.
Moreover, Rubino et al. (2021) confirmed this through experiments that combined forward and
reverse flows of time using a qubit. This theory separates itself from classical physics, which treats
time as a straight and one-way movement. The model treats time as something observable that reacts
to measurement instead of serving as a neutral setting. This view opens the possibility of effects that
stretch across different times, where one act of observation gathers many potential moments into a
single present. Therefore, the theory sees time not as a passive container of events but as a part of the
system that shifts along with quantum states and wavefunctions.

Theory: Time as a Wave

Temporal superposition refers to a condition where a system exists across several time points
instead of occupying only one. In fact, this mirrors how particles in quantum mechanics exist in a
superposition of positions or states. Belenchia et al. (2020) described this through a structure where
detectors act across separate time branches controlled by a quantum state. Moreover, a system under
temporal superposition permits interactions between moments that classical physics treats as
unrelated. As a result, time behaves like a wave with measurable amplitudes, states, and outcomes.
This behavior corresponds to the wavefunction W used in standard quantum theory. Rubino et al.
(2021) supported this idea with experimental work showing the coexistence of forward and reverse
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temporal dynamics in thermodynamic systems, controlled by a qubit. Temporal superposition makes
it possible to extract information about field correlations that would otherwise require multiple
observations across distinct timelines (Memon et al., 2024).

To describe time as a wave, the paper adopts a wavefunction-style model based on prior
quantum field formulations. The Hamiltonian of the system, as modeled by Belenchia et al. (2020),
integrates spatial smearing, energy gaps, and control qubit encoding as follows:

Each symbol corresponds to a physically grounded parameter:

Hi(t)= Y > Aoxpa(t) (90" +e7™07) @ ¢(zp(t)) ® [i) (il
D—A4,Bi=0,1

Each symbol corresponds to a physically grounded parameter: €, is the energy gap of detector
D, Ap is the coupling constant, y(p;) represents the time control function, and (j)(xD(t)) is the
scalar field at the detector’s location. The o operators represent quantum transitions between
energy states. What this equation suggests is that time behaves as a dynamic variable influenced by
quantum states, not as a fixed, external parameter. The commutator structure from this model allows
interference terms to show nonlocal correlations across time (Khrennikov, 2019). This idea supports
the view that time, just like position, collapses to a single outcome only when something observes it.

Furthermore, this model works through a temporal Hilbert space that captures the quantum
structure of time itself. In this space, each possible time state holds a distinct amplitude. Also, the full
temporal wavefunction becomes a weighted sum across those basis states:

|¥) = Xci| t.0)

To represent the moment of temporal collapse, one applies a projection operator Py, ;, which
selects a single time outcome:

Pieoiwy = il tk)

This formalism shows how a single “now” forms from many possible moments through
quantum selection. It does not require changes to operators based on space or to the usual structure
of spacetime. Aharonov and Bohm (1961) explored similar views through time operator models.
Muga et al. (2008) later extended these ideas in work on open quantum systems and theories of
measurement.

Comparison with Classic Experiments

Classic quantum experiments, especially Wheeler’s delayed-choice setup, suggest that future
measurements can appear to affect the past. In these studies, a photon’s path remains undefined until
a detector is added or removed, even though the photon has already passed the slits. Wheeler
explained this as a reversal in the order of explanation, where later choices define earlier histories
(Ellerman, 2015; Waaijer & Van Neerven, 2024). However, many physicists now agree that this does
not mean real retrocausality takes place. The state of the system remains in superposition until a
measurement occurs. Therefore, nothing in these experiments requires information to travel
backward in time. The confusion arises from assuming a particle had a fixed path before observation,
which standard quantum mechanics never claims. Both the standard delayed-choice and its modified
forms yield the same results because the order of operations does not change the final quantum state
(Waaijer & Van Neerven, 2024).

This paper proposes a deeper shift in perspective. Instead of focusing on the particle, it treats
time itself as part of the superposed system. In this model, interference does not occur between
physical paths alone but between possible time states. To illustrate, just as two overlapping sound
waves can combine or cancel out depending on their timing, different temporal states may produce
interference when coherently superposed. As a result, the act of observation collapses not only spatial
probabilities but also temporal ones. The observer does not simply learn where the particle is; the
observer also determines when the particle becomes real. This idea extends beyond classical delayed-
choice logic because it suggests that time behaves like a wave and carries its own uncertainty until
measured. Therefore, the collapse of the “now” becomes a physical event, not just a mental one.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.2380.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 June 2025 d0i:10.20944/preprints202506.2380.v1

30f 8

What Makes This Theory New

This theory includes time as an observable rather than a fixed background. Instead of assuming
that time flows independently of quantum states, it suggests that time behaves as a measurable
quantity that collapses into a single value during observation. The process called “quantum selection”
refers to the resolution of many possible time outcomes into one experienced moment; this follows a
pattern similar to how a particle’s position collapses into one definite state in space. This idea does
not aim to reject previous models. Instead, introduces a shift in how time may be involved directly
in the measurement process. The claim does not rely on new particles or forces but on reinterpreting
the structure of quantum events through the lens of time superposition. Therefore, this model offers
a conceptual revision without requiring an empirical contradiction of established quantum results.

Related Theories and Concepts

Time crystals and loop quantum gravity both introduce non-classical views of time, but they do
so in distinct ways. Time crystals refer to systems that break time translation symmetry and enter a
state of regular, periodic motion even when no energy input is applied. Wilczek first proposed this
concept in 2012, and it has since evolved into the discrete or Floquet form, which has been realized
experimentally. These time crystals do not oscillate on their own in the ground state, but instead
require external periodic driving. Researchers have confirmed the existence of such states in
laboratory setups that involve cold atoms and many-body localized systems (Sacha & Zakrzewski,
2018). Therefore, although continuous time symmetry breaking has no physical confirmation,
discrete time symmetry breaking has been observed in real experiments.

In contrast, loop quantum gravity treats time not as a continuous flow but as a quantized feature
of spacetime itself. The theory does not use time as a background parameter but defines it through
matter fields, such as scalar clocks. Gambini and Pullin (2023) showed that in a spherically symmetric
model, one can obtain a true Hamiltonian by using such a scalar clock to fix the gauge. Time then
emerges as a result of quantum constraints on geometry, and it becomes part of the interlinked
evolution of gravity and matter. However, loop quantum gravity remains theoretical. Although its
mathematical models show consistency with expected quantum behaviors, no experiment has yet
verified its predictions. Nevertheless, it offers an alternative to classical time by embedding temporal
evolution within quantum spacetime

Thought Experiments

A simple thought experiment involving a light bulb can help clarify how this paper treats time
as observer-dependent. As shown in the figure, imagine a lamp beside your bed. You flip the switch
expecting the light to turn on. At that moment, let t; represent the system before observation —before
the bulb either lights up or remains dark. You do not know if the bulb works, if the lamp is plugged
in, or if any part of the circuit will respond. That uncertainty holds all possibilities in superposition.
Then, at t,, the bulb either glows or stays unlit. This marks the point where observation collapses the
uncertainty and selects one result. The change is not gradual. The switch leads to an immediate,
definite state. Likewise, in quantum theory, no moment in time becomes real until it is measured.
According to Pylkkdnen (2016), the wave function does not describe a real object but only
probabilities that define what could happen. In this theory, the same idea applies to time. The
observer does not merely witness an existing timeline but draws one possibility into presence. The
state at t; includes all possible time outcomes. The act of measurement chooses just one, and that
becomes the experienced “now.” All other options vanish without becoming real. Furthermore, this
idea matches Bohm’s model of active information, which says a quantum field’s form —not its force —
guides how events unfold. Like a radar that informs a ship’s direction without touching it, the
observer selects a time without forcing anything. Pylkkéanen (2016) described this as a guiding form,
not a mechanical push. The LibreTexts (2016) light bulb analogy reinforces this: t; is the moment the
switch is flipped, when nothing has yet appeared. The bulb may light or not. At t,, the observer sees
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the result and gives it meaning. Observation becomes the event that triggers existence. Time does not
roll forward on its own. Instead, each moment of attention causes one real version of time to appear.
This model suggests that without observation, time remains dark and undecided. Each flip of the
switch generates a single outcome. Without it, nothing unfolds. This means time is not a line already
drawn but a field full of unrealized paths. The observer does not walk through a prewritten script.
The observer activates the script one line at a time (Goldstein, 2024). This theory claims that the
present moment is not an automatic continuation of the past. Rather, it is the result of a selection.
Like a bulb in a room, the moment lights up only when someone enters and looks. This simple
difference —between what exists before the look and what appears because of it—defines the central
claim. Time exists only when it becomes the “now.”

J) Observation triggers collapse

=
A

Lamp Off Lamp On
t, = pre-observation t, = observed moment
State: Indeterminate State: Collapsed
Time not yet selected “Now” becomes real

Figure 1. Diagram showing the observer-dependent collapse of temporal superposition. At t;, the system holds
multiple possible time states. Observation collapses this superposition into a single outcome at t,, similar to a
light bulb that activates only when observed.

This idea connects with the famous question, “If a tree falls in a forest and no one is around to
hear it, does it make a sound?” The point of this thought experiment is not about sound but about
existence. Without observation, the event has no confirmed outcome. Likewise, in this theory, time
does not unfold into a real moment unless an observer resolves it. The tree’s sound and the present
moment both depend on the act of becoming known.

Proposed Experiment

If time behaves like a wave, then time should allow for interference patterns in a way similar to
spatial wave interference. This paper proposes a hypothetical test based on this assumption. In
theory, if time holds a superposition of possible moments, then experimental setups should show
interference patterns across those moments. One method to explore this involves time-bin qubits,
which encode quantum information in the arrival time of single photons. Qubits cause visible
interference effects when early and late time bins meet under strict phase control. Researchers apply
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unbalanced Mach-Zehnder interferometers to split the photon paths and later join them again. In this
setup, time separation replaces physical distance as the main variable. Because of this structure, even
small changes in phase between the temporal bins cause either constructive or destructive
interference. This behavior points to the idea that time acts as a measurable wave property rather
than as a passive background for events (Afek et al., 2023).

Moreover, experiments with optical clocks now support this idea through precise measurement
of time-related behaviors. These clocks reach accuracy levels as fine as 1078, which allows researchers
to observe extremely short time intervals. The coherence time in these systems often lasts several
milliseconds, which makes it possible to capture subtle interference patterns over time. In such
experiments, two events that occur at different moments can interact just like two beams of light that
meet in space. Therefore, when researchers detect patterns of constructive and destructive
interference between separate photon emissions, they gain strong reason to believe that time behaves
like a wave. This approach already informs progress in time-based quantum communication and
relies on technologies that exist and work today (Afek et al., 2023).

If detectors resolve photon arrival times with high precision, interference visibility should follow
a cosine pattern. The formula V(dt) = cos(wdt) expresses how the visibility drops as detectors gain
enough resolution to distinguish time bins. This predicts a measurable threshold where time collapse
removes coherence. For instance, modern time-bin photon detectors now resolve arrival intervals at
picosecond scales, which aligns with the dt values where this formula predicts a visibility drop due
to temporal decoherence. Because of this, existing optical technologies already fall within the
predicted resolution window where the effects of temporal collapse may be directly observed

Furthermore, models based on Earth-observing instruments, such as CERES, add an indirect
form of validation. Simulations using plane electromagnetic waves have shown that when sources
are random in phase and spatial distribution, interference disappears. However, when sources share
direction and phase, the interference term remains significant (Kato et al., 2020). These conditions
suggest that even in large-scale, noisy environments, coherence in time can still appear. Therefore, if
a controlled system isolates coherent events across short time intervals—like in quantum optical
setups—the emergence of interference patterns may become testable. This experiment does not aim
to measure time directly. Instead, it observes the consequences of how time behaves when photons
travel through systems designed to treat time as a dynamic quantity. Such findings could support
the theory that time emerges through wave-based mechanisms, not through static or absolute
progression.

Compeatibility with Einstein’s Framework

This theory does not contradict Einstein’s framework of relativity. It agrees with the flexibility
of spacetime coordinates and does not change the geometry described by Lorentz invariance or
general relativity. Instead, it adds a new layer. It treats the present not as a slice of a block universe
but as a quantum selection from many possible moments. This collapse does not affect spacetime
structure itself. It simply suggests that what becomes real may depend on resolution, not on a timeline
drawn in advance. The theory stays within the bounds of accepted physics while extending its
interpretation.

Arrow of Time

Entropy once stood as the main reason scientists believed time moved in one direction. The
Second Law of Thermodynamics states that entropy rises in an isolated system. That led many to
believe the universe flows toward disorder, and time must move forward as a result. Clausius first
linked entropy to time, and Eddington supported this with his “arrow of time” idea. He claimed the
universe moves toward more randomness, so time must flow toward the future (Ben-Naim, 2020;
Price, 2008). However, several scholars now dispute this idea. Ben-Naim (2020) argues that entropy
does not depend on time at all. He says entropy is a state function, which means it describes a
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condition but not how that condition changes. For him, the universe’s entropy cannot “increase with
time” because time does not affect it. He even calls the “entropy equals time’s arrow” idea
misleading. He rejects the claim that thermodynamics alone explains why time moves forward. Price
(2008) also says that the laws of physics remain time-symmetric. If so, then time must appear to move
forward due to something else, not because entropy pushes it.

The theory in this paper suggests that time’s arrow may come from how quantum systems
collapse into single moments. In objective collapse models, each observation causes the wave function
to reduce to one outcome. This collapse does not stretch across time. It happens in one instant, which
then becomes the present. The flow of time, then, may emerge from many such collapses. Each
collapse selects one “now,” and each new “now” replaces the previous one (Price, 2008). Time seems
to move forward because we live in a world that updates itself one collapse at a time. Quantum
Darwinism adds a helpful layer to this idea. It says that some results survive over others because the
environment copies those results the most. These stable outcomes look like classical reality. That
process also builds the sense of time moving from one event to the next. Therefore, instead of time
flowing like a river, time may click forward like a slideshow. Each collapse lights up a new slide, and
entropy does not push this forward. The wave function’s behavior, guided by observation, may do it
instead.

Broader Implications

This theory opens connections to several fields beyond physics. It provides a new way to think
about consciousness and metaphysics. Instead of treating time as a neutral background, this theory
treats time as something selected or resolved through interaction. Therefore, consciousness may not
only observe time but also take part in its resolution. For example, a mind may not passively see a
moment. It may help create the moment through attention. This idea overlaps with some
interpretations of consciousness that link awareness to quantum measurement (Pylkkénen, 2016).
Moreover, metaphysical questions about what exists and when it exists gain a new framework. Time
does not bring things into reality. Selection brings them forward, and this means reality builds itself
from choices, not from a single path. Not only that, but reality across time may shift based on when
and how a system gets resolved. Some interpretations extend this idea by suggesting a universal
observer—often called “God” —who stands outside time and observes all potential outcomes
(Youvan, 2025). In this view, even if no human mind collapses time, the act of divine awareness may
still resolve it. This theory changes how we define existence. It does not say everything exists all at
once. Instead, it claims that only one outcome becomes real after selection. Because of this, the idea
redefines reality as something that unfolds from measurements, not something already fixed across
time.

Addressing Objectives

Some critics may argue that the theory lacks a defined equation of time or rests on speculative
reasoning without empirical grounding. However, the paper does not claim to provide measurable
predictions at this stage. Instead, it presents a conceptual model that treats time as a selectable
variable within quantum systems. It invites thought experiments and theoretical simulations rather
than experimental validation at this point. For this reason, one must read it as a foundation for new
approaches, not as a replacement for current quantum mechanics. Moreover, the theory frames time
as part of the resolution process, which allows it to intersect with existing quantum interpretations
such as Bohmian mechanics and Quantum Darwinism (Pylkkénen, 2016; Price, 2008). Future work
can build on this idea through quantum simulations. For instance, one can test whether temporally
entangled systems under time-as-wave assumptions yield distinct outcomes when subjected to
phase-controlled measurements (Thomsen, 2021). Another direction may involve designing coherent
state models where time-bin qubits resolve through variable delay gates, much like spatial wave
interference (Afek et al., 2023). Not only that, but optical clock experiments can examine whether
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minute shifts in resolution timing lead to observable interference. These proposals do not aim to
confirm the theory as fact. They aim to show that time may not operate as a passive container but as
an active property that emerges through resolution.

Conclusions

In conclusion, this paper proposes that time does not unfold in a continuous stream but collapses
into the present through observation, just like other quantum variables. Moreover, it suggests that
time exists as a superposition of possible moments, which only become real when someone—or
something —observes them. This model treats “now” as a result of quantum selection, not a fixed
point in a flowing sequence. Furthermore, the theory draws from established quantum mechanics
and aligns with experimental designs such as time-bin qubit interference and precise optical clock
resolution. Also, it stays consistent with Einstein’s relativity while offering a new way to think about
the arrow of time, consciousness, and reality itself. Because of this, the theory invites new
experiments and interpretations that connect physics, metaphysics, and the act of observation into
one evolving picture.

Multi-Dimensional Time (Future Work)

This paper has treated time as a single dimension that collapses into the present through
observation. However, future research may explore the idea that time includes more than one
dimension, just as space does. One axis may serve as a classical timeline, while another may follow
quantum behavior, subject to uncertainty and collapse. For this reason, a two-dimensional model of
time may resolve current limits on defining a time operator in quantum systems. Moreover, such a
model could explain how the present becomes real without contradicting relativity. The structure
may also connect with theories in string physics or two-time models, where different time directions
serve different functions. This added layer could allow new predictions about how time appears,
disappears, or behaves across scales. Because of this, the theory may one day link quantum timing
and classical flow within one unified model.
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