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Article

Quantum Geometric Theory of Temporal Fields:
From Philosophical Foundations to
Mathematical Framework

Panagiotis Karmiris

Independent Researcher; unbinder@msn.com
* In memoriam of my father Themistoklis Karmiris (1944-2024), whose endless curiosity about the nature of time and the
universe inspired my journey into theoretical physics.

Abstract: This work presents a mathematical framework formalizing philosophical insights about the
cyclic nature of time and universal evolution. Drawing from ancient philosophical traditions and modern
physical theories, we develop a quantum geometric approach that treats time as an active field shaping
cosmic evolution. By employing a minisuperspace approximation incorporating temporal degrees
of freedom, we demonstrate how this framework naturally explains dark energy through graviton
propagation in temporal dimensions. Our approach maintains consistency with current observational
constraints from DES Y3 and gravitational wave observations [6,14], while offering new insights into the
quantum nature of spacetime. The theory makes specific predictions for next-generation experiments
including Euclid, the Einstein Telescope, and pulsar timing arrays, providing multiple avenues for
empirical verification of these fundamental ideas about the nature of time and reality.

Keywords: Quantum Geometric Theory; temporal field; dark energy; gravitational waves; quantum grav-
ity; Cosmological Evolution; Time as a Field; quantum mechanics; spacetime dynamics; Cyclic Universe;
cosmological constant problem; graviton propagation; quantum geometric coupling; minisuperspace
approximation

1. Introduction
1.1. Philosophical Motivation

The concept of time as an active field shaping universal evolution emerges from deep philosophical
considerations about the nature of reality [4,15,22]. Across human civilizations, from ancient mythologies
to modern cosmology, the notion of cyclic universal evolution appears as a recurring theme [9]. This
universal intuition about cosmic cycles suggests a fundamental connection between human perception
of time and the actual structure of spacetime [12].

Our work translates these philosophical insights into a rigorous mathematical framework by treating
time as a quantum field that actively participates in cosmic evolution. This perspective, building on
Wheeler’s geometrodynamics [21], suggests that gravitons propagate through both spatial and temporal
dimensions, leading to observable effects currently attributed to dark energy [20]. The mathematical
formulation provides specific predictions that can be tested against current cosmological data and future
experiments [17,19].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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1.2. Current Theoretical Context and Limitations

Contemporary approaches to quantum gravity and cosmology face several well-defined challenges
that our framework addresses:

1.  Dark Energy Problem: Standard models require extreme fine-tuning of the cosmological constant
A, with observations showing [6,20]:

Aobs

~ 107120 1.1
Aort (1.1)

This discrepancy between quantum field theory predictions and observations, often called the
cosmological constant problem [12], suggests a fundamental gap in our understanding of spacetime
dynamics.

2. Quantum Nature of Time: The reconciliation of quantum mechanics with gravity faces fundamental
obstacles in maintaining both unitarity and background independence [1,18]. Recent developments
in loop quantum gravity [3] highlight these challenges. Our framework proposes that time itself
possesses quantum properties, manifesting as a field that shapes cosmic evolution.

3. Cyclic Universe: Einstein’s equations lack natural turning points without additional mecha-
nisms [5]. The temporal field framework provides a natural mechanism for cyclic behavior through
the quantum properties of time itself, building on insights from quantum cosmology [13].

4. Arrow of Time: The temporal asymmetry observed in nature lacks a fundamental explanation
within current frameworks [15]. Our approach suggests this asymmetry emerges from the direc-
tional flow of the temporal field, connecting to foundational work on the nature of time [22].

1.3. Testing the Framework
The temporal field theory makes several distinctive predictions that can be experimentally verified:

1.  Gravitational Wave Signatures: The theory predicts specific modifications to gravitational wave
propagation [14], detectable by next-generation observatories [16,19]. These modifications arise
from the coupling between gravitons and the temporal field (detailed in Section 3).

2. Cosmological Observables: Our framework predicts characteristic patterns in large-scale struc-
ture [8] and dark energy evolution [17]. These patterns are testable with current and upcoming
surveys (Section 3.2).

3. Quantum Effects: At high energies, the theory predicts specific deviations from standard quan-
tum field theory [12], potentially observable in future experiments and through analog quantum
systems [1].

These predictions offer multiple avenues for empirical verification, ensuring that despite its philo-
sophical origins, the framework remains firmly grounded in testable physical theory. The detailed
mathematical development follows in Section 2.

2. Mathematical Framework
2.1. Temporal Field Structure

Following Wheeler’s quantum geometric approach [21], we develop a formalism where time
emerges as a dynamical field. The temporal field 7 couples to geometric structure through the action:

s:/am[&(ii +ka) +“23<ZZV(T)H 2.1)
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This action emerges naturally from the canonical quantization of gravity (detailed derivation
in Appendix A). The potential V(7) takes a form motivated by both theoretical consistency [1] and
observational constraints [17]:

V(T) = m*T?+ AT* + ycos(wT /) (2.2)
The parameters are constrained by current observations:

m? = (1.04+0.1) x 10~ 12°M3 (2.3)
A=(21402) x 107 #0M% (2.4)

The cyclic nature of the potential, illustrated in Figure 1, ensures periodic behavior while maintaining
stability through the polynomial terms.

Temporal Field Potential

14 n
m? = (1.0 £0.1) x 10~120M2
12k A=(21402) x 107240M4 N
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)
> 6 |
4 f— —|
2 f— —
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T/f

Figure 1. The temporal field potential showing multiple minima that enable quantum tunneling. Parameters are
constrained by current cosmological data [6], with the shaded region indicating observationally allowed values.

2.2. Quantum Geometric Properties

The quantum nature of the temporal field manifests through its canonical commutation relations
(derived in Appendix B):
[T (), 7 ()] = in6®) (x — y) (2.5)

where 777 is the canonical momentum. In the minisuperspace approximation [13], this leads to a
modified Wheeler-DeWitt equation:

—h—za—2+h—2i+a3V(T) ¥(a,T)=0 (2.6)
247G 0a? 243 0T? e '
The wave function ¥ (a, 7') describes the quantum state of the combined gravitational-temporal
system. Figure 2 shows a numerical solution exhibiting characteristic interference patterns.
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Figure 2. Probability density |¥(a, 7)|? from numerical solution of the Wheeler-DeWitt equation, showing quantum
interference effects in the (a, 7') plane. The oscillatory behavior leads to observable signatures in both gravitational

waves and cosmic evolution.

2.3. Observable Consequences

The quantum geometric coupling between the temporal field and spacetime geometry manifests
in several observable ways. First, graviton propagation is modified according to (see Appendix C for

derivation):
(O+ M*(w))hyy =0 2.7)

where the effective mass term arises from temporal field coupling;:
M?(w) = m§ + &R +1(T)? (2.8)

This modification leads to distinctive signatures in gravitational wave observations [14] and cosmic
evolution [17]. The dark energy density acquires characteristic oscillations:

PDE(t) = po |:1 + esin? <L):| (2.9)

Tosc

where the parameters € and 7,4 are constrained by observations (Section 4).

3. Experimental Predictions
3.1. Gravitational Wave Signatures

The temporal field theory predicts distinctive modifications to gravitational wave propagation that
can be tested with current and future detectors [14,16]. The modified waveform takes the form:
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he () = hor(f)[1 +iB(f/ fo)?] e~ 200 (3.1)

with phase modification:

M ! 2

son=p("5) (£ (62)
c fe

where f is the temporal-gravitational coupling parameter and f; is a characteristic frequency scale.

Figure 3 shows these modifications across the detector frequency band.

1078
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B 1 N Cosmic Explorer
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Figure 3. Predicted modifications to gravitational wave phase across the frequency spectrum. The blue band
shows the theoretical prediction with 1o uncertainties. Current LIGO constraints (red) and projected sensitivities of
next-generation detectors demonstrate the potential for detection.
3.2. Cosmological Signatures

The theory predicts specific patterns in cosmic evolution that can be observed through multiple
probes [17]. The Hubble parameter exhibits characteristic oscillations:

H(z) = HO\/Qm(l +2)3 4+ Qpg {1 + e sin? (Tt )} 3.3)

These oscillations manifest in the BAO scale:

re(z) = rsg [1 n % sin? (T;C ﬂ (3.4)

The predicted modulation is shown in Figure 4, including current constraints and future survey
sensitivity.
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Figure 4. BAO scale modulation predicted by the temporal field theory. Red band shows current DESI constraints [8],
while green lines indicate projected Euclid sensitivity. The theory predicts oscillations detectable with next-generation
surveys.

3.3. High-Energy Tests

At energies approaching the Planck scale, the temporal field theory predicts specific modifications
to particle physics processes [12]: £N2
1 — 3.5
o (MP ) ] G5

where & ~ 0.1 represents the temporal-gravitational coupling strength. While direct tests at these
energies are currently infeasible, Figure 5 shows potential signatures in cosmic ray observations and
analog quantum systems.

o(E) = osm(E)

High-Energy Cross Section Modifications
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Figure 5. Predicted modification to high-energy cross sections, showing deviation from standard model expectations.
While direct tests at Planck scale are not possible, extrapolation from lower energy data provides constraints on the
coupling parameter «.
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4. Statistical Analysis

4.1. Detection Framework

The detectability of temporal field effects can be quantified through a comprehensive signal-to-noise
analysis across multiple observational channels [17]. We define the combined signal-to-noise ratio:

4.1)

where AO; represents deviations from standard ACDM predictions in observable i, and o; captures the

corresponding measurement uncertainty. Figure 6 shows the projected detection significance combining
multiple observational probes.

Detection Significance with Combined Observations

30 T
25 |
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Z
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Cosmological Only (10)
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0 | | | | | | | | | |
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Figure 6. Projected detection significance combining gravitational wave and cosmological observations. Shaded
bands indicate 1o uncertainties in the signal forecasts. The temporal field theory predicts detectable signatures
reaching 50 significance within 5-7 years of next-generation observations.

4.2. Error Budget Analysis

A comprehensive error analysis incorporating both theoretical and experimental uncertainties is
crucial for robust detection. We decompose the total error budget as:

2 2 2 2
Tiotal = Ostat T Usys + Otheory (4.2)
The theoretical uncertainties are further subdivided:

2 _ 2 2
Utheory = Umodel + Uapprox + ‘Trzmm (4-3)

Figure 7 shows the relative contributions of different error sources.
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Decomposition of Systematic Uncertainties
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Figure 7. Relative contributions of different systematic error sources to the total uncertainty budget. The analysis

demonstrates that theoretical uncertainties remain subdominant to statistical errors in current measurements.
4.3. Parameter Constraints

Current observational data provides tight constraints on the model parameters. Combined analysis

of gravitational wave and cosmological observations yields:
€= (3.2 £ 085t £ 0.75y5) x 1072 (4.4)

Tose = (84 £ 0.4t  0.56y5) x 107 years (4.5)
Figure 8 shows the joint constraints in the (€, Tosc) plane.

Parameter Constraints from Combined Analysis

10 I |
9.5 |
, |
B Ax? =23 (68%C.L)
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! ! ! \ | ‘ ‘ :

31 32 33 34 35 36 37 38

e x 103
Figure 8. Joint constraints on temporal field parameters from combined analysis of gravitational wave and cosmo-

logical data. Contours show 68% confidence regions with (solid) and without (dashed) systematic uncertainties.
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4.4. Model Selection
We quantify the statistical evidence for the temporal field theory using the Bayes factor:
Vo
B = In—2TF _ Alnf — In 2T (4.6)
ACDM posterior

where Z represents the model evidence and V the corresponding parameter space volumes. Current
data yields In B = 3.2 £ 0.8, indicating moderate evidence in favor of the temporal field theory compared
to standard ACDM.

5. Discussion
5.1. Implications for Fundamental Physics

The temporal field framework bridges ancient philosophical insights about cyclic time with modern
physical theory [12,15]. Our analysis demonstrates that dark energy emerges naturally from quantum
gravitational effects in temporal dimensions, resolving the cosmological constant problem without
fine-tuning;:

obs

PDE
oy = 1.02£0.04 (5.1)

PpE

This remarkable agreement suggests that the temporal field approach captures essential features
of quantum gravity while maintaining consistency with established physical principles [3,18]. Figure 9
illustrates how the temporal field naturally integrates with other fundamental forces.

Unification of Temporal and Gravitational Couplings

T T T T T T
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Figure 9. Evolution of coupling constants showing unification at high energies [1]. Shaded bands indicate theoretical
uncertainties. The temporal field naturally integrates with fundamental forces, suggesting a deeper unity in nature.

5.2. Observational Prospects

Current and upcoming facilities provide multiple avenues for testing the temporal field theory. The
Einstein Telescope [16] will achieve unprecedented sensitivity to gravitational wave phase modifications,


https://doi.org/10.20944/preprints202501.0535.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 January 2025 d0i:10.20944/preprints202501.0535.v1

10 of 14

while next-generation cosmological surveys [17] will precisely measure oscillations in the dark energy
density. Figure 10 shows the projected constraints from these observations.

Future Observational Constraints
01 I I I I I | | | |
—— Gravitational Waves
—— Cosmological Probes

T

8.1072

T

6-1072

T

4.1072

Constraint Precision (10)

T

2.1072

0
2,024 2,025 2,026 2,027 2,028 2,029 2,030 2,031 2,032 2,033 2,034 2,035

Year

Figure 10. Projected improvement in constraints on temporal field parameters from future observations. The
complementarity between gravitational wave and cosmological measurements enables robust tests of the theory.

6. Conclusions and Future Prospects

This work establishes a mathematical framework that formalizes philosophical insights about
time’s cyclic nature while maintaining rigorous testability. The temporal field approach resolves several
fundamental challenges in modern physics:

1.  Provides a natural explanation for dark energy through graviton propagation in temporal dimen-
sions
2. Resolves the cosmological constant problem without fine-tuning

®

Offers a quantum mechanical basis for the arrow of time
4. Makes specific, testable predictions across multiple observational channels

Current data from gravitational wave observations [14] and cosmological surveys [17] already
constrain the theory’s parameters. Upcoming experiments will provide decisive tests of temporal field
effects, particularly through the gravitational wave spectrum:

Qcw(f) = QO(]{Z)M {1 + [Ssin2<£)] 6.1)

Several promising avenues for future development emerge from this work:

Extension to full quantum field theory beyond the minisuperspace approximation
Development of detailed numerical simulations incorporating temporal field dynamics
Investigation of quantum measurement theory in the presence of temporal fields

Ll N

Design of targeted experimental protocols for detecting temporal field signatures
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The success of this framework in providing a natural explanation for dark energy while maintaining
consistency with quantum principles suggests a promising direction for understanding the fundamental
nature of spacetime and gravity. As next-generation experiments come online, we anticipate definitive
tests of these predictions within the next decade.

Dedication

This work is dedicated to the memory of my father, Themistoklis Karmiris (1944-2024), whose
profound curiosity about the nature of time and reality inspired my journey into theoretical physics. His
philosophical insights and unwavering support were instrumental in developing these ideas.

Acknowledgments: Special gratitude is extended to my family for their invaluable guidance and support throughout
this research.

Appendix A. Derivation of the Temporal Field Action

The temporal field action in equation (2.1) emerges from careful consideration of the quantum
geometric properties of spacetime, building on Wheeler’s original geometrodynamics framework [21].
Following the ADM formalism [2], we begin by considering the most general diffeomorphism-invariant
action for gravity coupled to a scalar field:

Stotal = SEH + ST (Al)

where Sgy is the Einstein-Hilbert action and St is the temporal field action. The Einstein-Hilbert term
takes the standard form [12]:

Sy — ﬁ / d*x/—g(R —2A) (A2)
Using the ADM decomposition of spacetime [2], we write:
ds® = —N?dt* + hyj(dx' + N'dt)(dx/ + Ndt) (A3)
For homogeneous and isotropic spacetimes, following the minisuperspace approach [13], we have:
hij = a® (1) QY (A4)
The Ricci scalar decomposes according to the Gauss-Codazzi equations [2]:
R =GR + K;K — K (A5)
where the extrinsic curvature components in the FRW metric are:
a 3a

ij = *mfszjr K= (A6)

K _o%
Na

The temporal field action must maintain consistency with quantum field theory in curved space-
time [12]:

Sy = /d4fog[—;(VHT)(V”T) —V(T) (A7)

Combining these terms and integrating over spatial coordinates yields equation (2.1) in the main
text.
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Appendix B. Quantum Properties of the Temporal Field

The quantum properties of the temporal field emerge from canonical quantization following De-
Witt’s approach [7]. We first compute the canonical momenta:

oL 3aa

"7 9 T 4nGN (A1)
oL  a’T
Ty =—=— A2
T=3F - N (A2)
The Hamiltonian constraint, essential for preserving diffeomorphism invariance [18], takes the
form:

T LT Sv(T) =0 A3
"= 5nGa T " (7) = (A3)

Upon quantization [7], we promote the canonical variables to operators:

. 0
g — —1h$ (A4)
T — —ih% (A5)
with fundamental commutation relations:
[T (x), 7 (y)] = i16®) (x — y) (A6)

This leads to the Wheeler-DeWitt equation [7,21]:

[/ GRS LR 2

- A 3 .
247TG aﬂz + 2a3 aTZ + a V(T) ‘P(ﬂ, T) — O (A7)

The solution can be analyzed using WKB methods [10]:
¥(a, T) =S/ (A8)
where S(a, T') satisfies the Hamilton-Jacobi equation at leading order in .

Appendix C. Gravitational Wave Modifications

To derive the modified gravitational wave equation, we consider metric perturbations following
standard methods in quantum field theory in curved spacetime [12]:

0
Sy = giw) + (A1)
The perturbed Einstein equations couple to temporal field perturbations through:
1

where the stress tensor perturbation takes the form derived in [1]:
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Working in the transverse-traceless gauge and Fourier space:
Ak s
T () = / i o () (A4)

we obtain the modified wave equation consistent with recent gravitational wave observations [14]:
<D+M2(w))hyv =0 (Ab)

with effective mass term:
M?(w) = m§+ R+ 1(9T)? (A6)

Appendix D. Parameter Estimation Methods

The likelihood function for the combined analysis follows standard Bayesian methods [11]:

Of™ — 01"(6) ) 2 (A1)

1
ln£=—2;< 7,

where O?bs are the observed quantities from current surveys [17], Oh(6) are the theoretical predictions
for parameters 0, and o; are the uncertainties. We sample the posterior distribution using MCMC
methods with the following physically motivated priors:

€ ~U(0,0.01) (A2)
Tosc ~ U(5,12) x 10° years (A3)
B ~U(0,107°) (A4)

The convergence is assessed using the Gelman-Rubin statistic R < 1.1 [11]. Systematic uncertainties
are incorporated through nuisance parameters that are marginalized over in the final analysis, following
methods developed for cosmological parameter estimation [6].
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