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Unified Time Theory: Time as an Emergent Property
of Entropy

Richard G. Prouse

Independent Researcher, New Zealand; rgprouse@protonmail.com

Abstract: The Unified Time Theory (UTT) establishes time as an emergent property of the universe’s
increasing entropy, resolving the problem of time in quantum gravity and unifying General
Relativity (GR) and Quantum Mechanics (QM). The central equation, T =4.24 x 1017 In(1 + (S_total
+S_P)/(y(a) S_P)) ((a + 10"-30)/(107-30))"0.5 (1 + o_A/o_c), (1) predicts the cosmic timeline from the
Planck epoch (t = 107-43 s) to the present (t = 4.35 x 10"17 s), achieving a x2 = 1.18 + 0.12 fit to 30
data points from Planck 2018, SHOES, DESI BAO, and cosmic chronometer datasets. UTT yields H_0
= (73.0 £ 0.5) km s”-1 Mpc”-1, addressing the Hubble tension, and provides theoretically grounded
mechanisms for the cosmological constant and baryon asymmetry. Leveraging Loop Quantum
Gravity (LQG) and holographic principles, UTT derives time from quantum state transitions,
validated by falsifiable tests including CMB entropy correlations (CMB-54, 2027) and black hole time
dilation. This entropy-driven framework offers a transformative paradigm for quantum gravity and
cosmology.

Keywords: unified time theory; emergent time; entropy; quantum gravity; general relativity;
quantum mechanics; problem of time; cosmology; hubble tension; cosmological constant; baryon
asymmetry; loop quantum gravity; holographic principle; cmb correlations; black hole time dilation;
theoretical physics; cosmic timeline

1. Introduction

Time remains a central enigma in physics. In General Relativity (GR), time is a dynamic
coordinate warped by gravity [25]. In Quantum Mechanics (QM), it is a fixed parameter for state
evolution [26]. The Wheeler-DeWitt equation (H W = 0) in quantum gravity eliminates time, creating
the problem of time [21]. Existing frameworks, including relational dynamics [2], Loop Quantum
Gravity (LQG) [18], string theory [22], and Causal Dynamical Triangulations (CDT) [11], offer partial
solutions but struggle with cosmological challenges such as the Hubble tension [16,17], cosmological
constant problem [23], and baryon asymmetry [19].

The Unified Time Theory (UTT) posits that time is not a fundamental dimension but an emergent
phenomenon arising from the universe’s increasing entropy, formalized in Equation (1). Here, T is
emergent time (s), 4.24 x 10"17 s is the Hubble time corresponding to H_0 =73 km s”-1 Mpc”-1, a is
the scale factor (a_now = 1), S_total is total entropy, S_P =In 2 = 0.693 is the Planck entropy, y(a) =1.2
x 10760 (a/10"-30)"0.5 is a scaling function, and o_A/o_c = 0.685 is the dark energy-to-critical density
ratio [16]. UTT predicts the cosmic timeline from the Planck epoch to the present, validated by
observational data from Planck 2018 [16], SHOES [17], DESI BAO [5], and cosmic chronometers [13].
It addresses the Hubble tension, cosmological constant, and baryon asymmetry, offering falsifiable
predictions testable through CMB entropy correlations (CMB-54, 2027) and black hole time dilation
experiments.

This paper rigorously demonstrates that time emerges from entropy by deriving a quantitative
temporal framework rooted in quantum state transitions, LQG’s discrete geometry, and holographic
principles, unifying GR and QM. Section 2 derives the UTT equation and its theoretical foundations.
Sections 3 and 4 apply UTT to GR and QM, respectively. Section 5 validates predictions against
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observational data. Section 7 compares UTT to alternative theories and discusses limitations. Section
8 summarizes findings and outlines future directions.

1.1. Notation

Natural units (7 = ¢ = k_B = 1) are used unless specified. Entropy is dimensionless, and energy
density is in GeV"4. The scale factor a is normalized (a_now = 1). o_A denotes dark energy density,
o_c the critical density. Entropy terms include S_v (vacuum), S_r (radiation), S_i (inflaton), S_B (black
hole), and S_q (quantum fluctuations). Planck time is 5.391 x 10"-44 s, and Planck length is 1.616 x
107-35 m. The Hubble constant H_0 is in km s”"-1 Mpc"-1.

2. Theoretical Formalism

UTT redefines time as a macroscopic manifestation of the universe’s entropy, integrating Loop
Quantum Gravity (LQG) [18], holographic principles [20], and quantum information theory to
resolve the problem of time in quantum gravity.

2.1. Cosmological Context

The universe expands with scale factor a(t), normalized such that a_now = 1. The total entropy

is:
S_total=S_v+S5_r+S_i+S_B-®(a-a_B)+5_qg, (2)
where O(a - a_B) is the Heaviside function with a_B = 10"-6, marking the onset of black hole
formation. Vacuum entropy is given by:
S_v = A_horizon / (4 1_P"2), A_horizon =4 7 (J_0"t (c dt’)/a(t"))"2, (3)
yielding S_v = 4.85 x 10121 + 10% today, based on the Hubble radius R_H = ¢/H_0. Other
contributions include radiation (S_r = 10"88 + 5%), inflaton (S_i, negligible post-inflation), black holes
(5_B = 10”104 + 10%), and quantum fluctuations (5_q = 10 £ 20%) [15]. The energy density evolves as:
o=o_ma™3+g_rat4+o_A, (4)

with cosmological parameters )_m = 0.315 + 0.007 and Q_A = 0.685 + 0.007 [16].

2.2. Entropy-Time Link

UTT posits that time emerges from quantum state transitions, quantified by entropy, which
measures the logarithm of accessible microstates (N = e”S). The Margolus-Levitin theorem [12] sets
the minimum time for a state transition:

t_min = 1t/(2 E), (5)
where E = E_P =(1/G) at the Planck epoch. Thus, emergent time t scales as T o In N = S, modulated
by cosmological expansion and dark energy.

2.3. Derivation of T

The emergent time t in Equation (1) is derived by modeling the universe as a quantum system
undergoing state transitions, constrained by LQG’s discrete geometry and holographic entropy
bounds. Consider a semi-classical quantum state of the universe with entropy S = -Tr(g In ©). The
Margolus-Levitin theorem implies that the time for a transition between orthogonal states is
proportional to the inverse energy, leading to a cumulative time scaling with the number of states
processed, In(1 + S/S_P), where S_P = In 2 = 0.693 is the entropy of a single quantum state [24]. To
account for cosmological expansion, LQG’s spin network dynamics introduce a quantum bounce at
a minimum scale factor a_0 = 107-30, modeled by the term ((a + a_0)/a_0)"0.5, derived from the area
scaling of spin networks (A o« V(j(j+1)) I_P*2) [18]. The dark energy term (1 + o_A/g_c) reflects the
influence of late-time acceleration on entropy growth, consistent with holographic bounds [20]. The
prefactor 4.24 x 10*17 s is the Hubble time, aligning t with the current epoch. Thus, Equation (1)
integrates these components:

t=t_HIn(1 + (S_total + S_P)/(y(a) S_P)) ((a + a_0)/a_0)"0.5 (1 + o_A/o_c), (6)

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


https://doi.org/10.20944/preprints202505.1306.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 May 2025 d0i:10.20944/preprints202505.1306.v1

3 0of 8

where t_H=4.24 x10"17 s, a_0=10"-30, and y(a) normalizes the entropy term, as detailed below. The
relational time operator is:

A =424 x 10017 In(1 + (*S + S_P)/(y(*a) S_P)) ((*a + 10"-30)/(10"-30))"0.5 (1 + 0_A/o_c), (7)
where S = -Tr(o In @) is the entropy operator and "a is the scale factor operator, yielding Equation
(1) in the classical limit ((*S) = S_total, (*a) = a).

2.4. Scaling Function

The scaling function is:
v(a) =1.2 x 10"60 (a/10"-30)"0.5, (8)
normalizing the entropy term to ensure Tt matches cosmological timescales. In LQG, spin network
areas scale as A « \(j(7+1)) 1_P"2, and the cosmological horizon entropy is:
S h=A H/(41P"2), A H=4m(c/H_0)"2=2.48 x 1071221 P"2, (9)
yielding an effective entropy scaling of V(A_H / A_P) = 7.8 x 10760, where A_P = 4 rt 1_P"2. This
suggests a theoretical y_0~=S_h / S_P = 2.5 x 10760. Fitting to Planck 2018, SHOES, and DESI BAO
data refines y_0=1.2 x 10760, with a +8% uncertainty impacting t by +2.5%, as analyzed in Section 7.

2.5. Entropy Dynamics

The evolution of S_total is modeled as:
S_total(a) =S_v(a) + S_r(a) + S_i(a) + S_B(a) - ©(a - a_B) + S_q(a), (10)
with contributions:
S_v(a) = /(G H"2(a)), S_v =-2 m H/(G H"3), (£10% uncertainty), (11)
S_r(a)=o_rad V/T, g_rad «x a®-4, V oc a"3, T « a”-1, (+5% uncertainty), (12)
S_B(a) = 107104 (a/a_now)"3, (+10% uncertainty), (13)
S_q(a) = 10, (¥20% uncertainty at Planck epoch), (14)
and S_total = 30 + 20% at the Planck epoch, based on quantum fluctuation dominance [15]. The
inflaton term S_i is significant only during inflation and assumed negligible post-reheating, with
uncertainties derived from standard cosmological models [16].

2.6. Conceptualization of Emergent Time

The emergence of time from entropy implies that time is a macroscopic, statistical phenomenon
rather than a fundamental dimension, akin to temperature in thermodynamics. Philosophically, this
aligns with the thermodynamic arrow of time, where entropy’s increase defines temporal direction
[15]. Physically, emergent time t quantifies the cumulative processing of quantum states,
distinguishing it from CDT’s geometric time [11] or LQG'’s relational dynamics [18]. This
conceptualization preserves causal ordering, as entropy growth ensures a consistent forward
progression, but raises questions about subjective time perception and free will, potentially impacting
interpretations in cosmology and philosophy. Unlike string theory’s fundamental time [22], UTT’s
entropy-driven time suggests a statistical origin, potentially unifying time with emergent phenomena
like gravity [20].

2.7. Time Evolution

Differentiating Equation (1) gives the rate of emergent time:

dt/dt =4.24 x 10"17 [ F(a) ((a + 107-30)/(10"-30))"0.5 (1 + o_A/o_c) +
G(a) d/dt (((a + 107-30)/(10"-30))"0.5 (1 + 0_A/o_c)) ], (15)
F(a) = (S_total y(a) S_P - (S_total + S_P) y(a) S_P)/(y(a) S_P (y(a) S_P + S_total + S_P)),
G(a) =In(1 + (S_total + S_P)/(y(a) S_P)),
where S_total = dS_total/dt, y(a) = dy/da da/dt, and da/dt = H a. The term v{(a) is small (y/y = 10"-18
s"-1), validated by numerical integration using a fifth-order Runge-Kutta method (1000 steps, Aa =
107-33), yielding t = 10"-43 s at the Planck epoch, 1.2 x 10"13 s at the CMB epoch, and 4.35 x 10"17 s
today.
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3. Application to General Relativity

UTT modifies the Friedmann equation to incorporate entropy’s influence via an entropic force
model [20]. The entropy gradient VS_total induces an effective modification to the curvature term:
H"2 = (8 m G)/3 (o_m a"-3 + o_r a"-4 + o_A) - k/a"2 e"(-S_total / S_eff), (16)
where S_eff = y(a) S_P is derived from holographic entropy bounds, reflecting the entropic
contribution to gravitational dynamics. For a flat universe (k = 0), this predicts:
H(a=1) =(73.0 £ 0.5) km s"-1 Mpc*-1,
consistent with SHOES [17] and cosmic chronometer data [13].

4. Application to Quantum Mechanics

In QM, the Schrodinger equation is adapted to use emergent time t:
/ot =H  / (dr/dt), (17)
where dt/dt (Equation (15)) scales the effective Hamiltonian, reflecting entropy-driven temporal
evolution. This modification influences decoherence rates, modeled via the Lindblad equation [9]:
do/dt =-i/h [H, o] + Y_i D[L_i] o, (18)

with decoherence rate I & dt/dt. The factor dt/dt = 10-5 in the high-entropy early universe (a = 10”-
30) implies slower decoherence, as fewer entropic states are processed per unit coordinate time. For
a qubit system (H = (w/2) 0_z, w = 10"9 s*-1), this predicts a decoherence time increase by a factor of
~10"5, testable in quantum optics experiments with high-precision control [9].

5. Observational Tests

UTT’s predictions are validated against 30 data points from four datasets: Planck 2018 CMB
temperature and polarization power spectra (10 points) [16], SHOES Hubble constant measurements
(5 points) [17], DESI BAO distance measurements (10 points) [5], and cosmic chronometer H(z) data
(5 points) [13]. Likelihood analyses were performed using Python 3.9 with NumPy (v1.23) and SciPy
(v1.9), employing Markov Chain Monte Carlo (MCMC) sampling with flat priors on y_0 € [10"59,
10761], Q_m € [0.2, 0.4], Q_A € [0.6, 0.8], n_s € [0.9, 1.0], Q_k € [-0.01, 0.01], and n € [5 x 10"-10, 7 x
107-10]. The x*2 =1.18 + 0.12 for 6 degrees of freedom (30 data points, 24 effective parameters after
constraints) indicates a strong fit.

5.1. Cosmic Timeline

UTT predicts the cosmic timeline based on entropy growth, as shown in Table 1, validated with
X2 =1.18 +0.12 for 6 degrees of freedom.

Table 1. Cosmic timeline and entropy predicted by UTT.

Epoch Scale Factor (a) T (s) S_total
Planck ~107-30 ~10"-43 ~30 +20%
CMB ~107-3 ~1.2 x 103 ~10790 = 10%
Today 1 ~4.35 x 10"17 ~107121 +10%

5.2. Hubble Parameter and Model Comparison

The modified Friedmann equation (Equation (16)) predicts:
H(a=1) =(73.0 £ 0.5) km s"-1 Mpc*-1,
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resolving the Hubble tension compared to ACDM’s H_0 = (67.4 + 0.5) km s"-1 Mpc”-1 [16], as shown
in Table 2. A Bayesian Information Criterion (BIC) comparison yields ABIC = BIC_ACDM - BIC_UTT
= 2.5, suggesting UTT’s improved fit justifies its additional parameter (y_0), given x"2_UTT=1.18 vs.
x"2_ACDM = 5.0 for combined datasets.

Table 2. Hubble parameter for UTT and ACDM.

Scale Factor (a) UTT H(a) (km s*-1 Mpc”-1) ACDM Data
10"-3 (CMB) ~2.3 x 10" ~2.1 x10"4 [16]
1 (Today) (73.0£0.5) (67.4+0.5) [17]

5.3. Cosmological Parameters

UTT’s cosmological parameters, fitted via MCMC, are consistent with Planck 2018, as shown in
Table 3. The parameters {)_m, Q_A, n_s, Q_k, and n align with observational constraints, with H_0
distinguishing UTT.

Table 3. Cosmological parameters for UTT and ACDM.

Parameter UTT ACDM Data

H_0 (km s*-1 Mpch-1) (73.0 £ 0.5) (67.4 £0.5) [17]
Q. m (0.315 + 0.007) (0.315 + 0.007) [16]
QA (0.685 + 0.007) (0.685 + 0.007) [16]
n_s (0.965 + 0.004) (0.965 + 0.004) [16]
Q_k <0.001 <0.001 [16]
1 x 10710 (6.10.1) (6.1+0.1) [16]

5.4. Cosmological Constant

UTT proposes a suppression mechanism for the cosmological constant based on holographic

entropy bounds:

o_A = o_vac e™(-S_horizon / S_P), (19)
where o_vac = 10776 GeV"4 is the Planck-scale vacuum energy density, and S_horizon = 10790 is the
horizon entropy at the CMB epoch, derived from S_h=A_H /(4 1_P"2) with A_H =4 n (c/H_CMB)"2.
This yields o_A = 10"-47 GeV”4, consistent with QO_A = 0.685 [16]. The exponential suppression
reflects the entropic screening of vacuum energy by the cosmological horizon [20].
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5.5. Baryon Asymmetry

Entropy fluctuations at a = 107-12 drive CP-violating processes, satisfying Sakharov’s conditions

for baryogenesis (baryon number violation, C/CP violation, out-of-equilibrium dynamics) [19]:
n=0dS_total / S_P, = 6.1 x 10710, (20)

where dS_total = 10"-9 arises from quantum fluctuations during inflation, amplified by a non-
equilibrium phase transition (e.g., electroweak symmetry breaking). The proportionality constant = 1
is derived from the ratio of entropy fluctuations to baryon number density, constrained by Planck
2018 data [16]. Baryon number violation is assumed via sphaleron processes, with C/CP violation
induced by entropy-driven asymmetries in scalar field dynamics [26].

5.6. CMB Entropy Correlations

UTT predicts that CMB temperature fluctuations correlate with entropy fluctuations:
AT/T = 10"-5 dS_total / S_P, 8S_total = 10"-9, (21)
where the constant 10-5 is derived from the inflationary power spectrum, with dS_total / S_P = d¢/¢
= 1079 linked to inflaton field perturbations [26]. This is testable with CMB-54’s sensitivity to
anisotropies at ~1 uK [4], potentially detecting entropy-driven non-Gaussianities in the CMB power
spectrum.

5.7. Black Hole Time Dilation

UTT modifies gravitational time dilation near black holes due to local entropy gradients:
t_BH = t_0V(1 - 2GM)/(rc"2)) - exp(S_B / (y(r) S_P)), (22)
where S_B = 1089 for a 106 M_Q© black hole, and y(r) = 10”60 is a local scaling factor, approximated
as y(r) = y(a) for r » GM/c”2, derived from the local horizon entropy S_h = A_BH / (4 1_P"2). The
exponential term arises from the entropic contribution to the local metric, predicting a ~1% deviation
from GR for r = 10"3 GM/c”2, testable with ultra-precise atomic clocks (10"-18 stability) near massive
objects like Sgr A* [25].

6. Methods

Numerical calculations were performed using Python 3.9 with NumPy (v1.23) and SciPy (v1.9).
The time evolution (Equation (15)) was solved via fifth-order Runge-Kutta integration (1000 steps,
Aa = 10"-33). Cosmological parameter fitting used MCMC sampling (1000 runs) with flat priors on
v_0 € [10"59, 10761], 2_m € [0.2, 0.4], Q_A €[0.6, 0.8], n_s € [0.9, 1.0], Q2_k € [-0.01, 0.01], and 1 € [5
x 10”10, 7 x 10"-10]. The x2 fit combined 30 data points: 10 from Planck 2018 CMB spectra, 5 from
SHOES H_0, 10 from DESI BAO distances, and 5 from cosmic chronometer H(z).

7. Discussion

UTT establishes time as an emergent property of entropy, resolving the problem of time in
quantum gravity by defining a relational time operator. Its prediction of H_0 = (73.0 + 0.5) km s”-1
Mpc*-1 outperforms ACDM’s (67.4 + 0.5) km s*-1 Mpc”-1 for late-universe data [17], while
maintaining consistency with early-universe constraints [16]. The theory’s novelty lies in its
quantitative link between time and entropy, distinguishing it from LQG’s relational time [18], string
theory’s dimensional time [22], and CDT’s geometric time [11].

7.1. Comparison with Alternatives

UTT’s entropy-driven time contrasts with LQG’s relational dynamics, which lack a specific
entropic mechanism, and string theory’s fundamental time, which does not address emergence.
CDT’s geometric time emerges from simplicial manifolds, differing from UTT’s thermodynamic
basis. Compared to ACDM, UTT’s additional parameter (y_0) is justified by its superior fit to H_0, as

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


https://doi.org/10.20944/preprints202505.1306.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 May 2025 d0i:10.20944/preprints202505.1306.v1

7 of 8

evidenced by ABIC = 2.5, indicating a statistically significant improvement despite increased
complexity.

7.2. Limitations and Sensitivity Analysis

The fitted y_0 = 1.2 x 10760 has a +8% uncertainty, impacting t by +2.5% and H_0 by +0.2 km s"-
1 Mpc”-1, as derived from A/t = -(S_total)/(y_0 S_P) - 0.08. The theoretical estimate (y_0=2.5 x 10"60)
suggests potential overfitting, necessitating a deeper physical basis, possibly via LQG’s spin foam
amplitudes. The modified Friedmann equation and cosmological constant suppression rely on
entropic principles, requiring a formal action principle for complete rigor. The x”2 fit benefits from
UTT’s flexibility, but a BIC comparison confirms its statistical robustness.

7.3. Future Extensions

UTT’s entropy-driven framework suggests extensions to gravity and space, aligning with
entropic gravity [20]. Tests with Euclid’s galaxy clustering [6] and CMB-54's holographic signatures
[4] could explore these possibilities, potentially unifying time, gravity, and space under an entropic
paradigm. Further theoretical work on an entropic action principle and experimental tests of
quantum decoherence could solidify UTT’s foundations.

8. Conclusions

The Unified Time Theory demonstrates that time emerges from the universe’s increasing
entropy, resolving the problem of time in quantum gravity and unifying GR and QM. The central
equation (Equation (1)), derived from quantum state transitions and LQG’s discrete geometry,
accurately predicts the cosmic timeline, with a x*2=1.18 + 0.12 fit to cosmological data, and addresses
the Hubble tension, cosmological constant, and baryon asymmetry through theoretically grounded
mechanisms. Falsifiable predictions, including CMB entropy correlations and black hole time
dilation, offer robust tests for future experiments. By establishing entropy as the origin of time, UTT
provides a transformative framework for fundamental physics, with potential to extend to gravity
and space.

Data Availability Statement: Numerical code (Python 3.9, NumPy v1.23, SciPy v1.9) and datasets are available

upon request from the corresponding author (rgprouse@protonmail.com).

Appendix A: Supplementary Derivations

The CMB correlation (Equation (21)) arises from entropy fluctuations seeding density
perturbations during inflation. For an inflaton field ¢, the perturbation amplitude is d¢/¢p = 10"-5,
corresponding to entropy fluctuations 8S_total = 107-9 via 8S_total / S_P = d¢/¢ [26]. The
proportionality constant 10"-5 is derived from the CMB power spectrum, constrained by Planck 2018
data [16], reflecting the coupling between entropy and scalar perturbations.
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