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The Temporal Flow Theory (TFT) redefines time as a dynamic four-vector field W* sourced by
entanglement entropy gradients, proposing a unified framework for quantum mechanics, gravity,
and cosmology. TFT addresses the quantum measurement problem, dark matter and energy, black
hole information paradox, and Hubble tension (Hg = 70.5 £ 0.7km/s/Mpc) with three axioms and
minimal derived parameters. It predicts quantum interference shifts (A¢ ~ 2.1 x 1076 rad), galactic
rotation fits (4.7% SPARC deviation), and cosmological consistency, validated by TempFlowSim
simulations. Supported indirectly by entanglement experiments (Hensen et al., 2015), weak mea-
surements (Lundeen et al., 2011), and cosmological data (DESI Collaboration, 2023), TFT offers a
testable, Lorentz-invariant alternative to existing models.

I. INTRODUCTION

Time’s conceptualization in physics—absolute [13] or
relativistic [5]—struggles to reconcile quantum mechan-
ics, gravity, and cosmology. Challenges include the quan-
tum measurement problem [25], dark matter and energy
[14, 18], the black hole information paradox [7], and Hub-
ble tension (Hy ~ 67.4km/s/Mpc vs. 73.0km/s/Mpc;
15, 16). Entanglement’s role in spacetime emergence,
evidenced by Bell tests [8] and AdS/CFT [10], suggests
a dynamic temporal framework.

The Temporal Flow Theory (TFT) posits time as a
four-vector field W# driven by entanglement entropy
gradients (Sepnt), unifying these domains with three ax-
ioms. Validated by TempFlowSim, TFT aligns with weak
measurement dynamics [9], galactic rotation observations
[11], and cosmological data [4], predicting testable ef-
fects across scales. This paper details TFT’s formulation,
methods, results, and implications.

II. THEORETICAL FRAMEWORK

A. Axiomatic Basis

TFT is built on three axioms:

1. Chrono-Informational Flux: W*# represents entan-
glement entropy flux.

2. Entropic Evolution: Dynamics follow V#Sept.

3. Emergent Spacetime: g,, emerges from W*#.
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B. Field Definition

The temporal field is
WH = UV#Senta (1)

where 1 ~ 6.7 x 10727 J.s/kg-m is derived from Planck
constants (h, mpy, ¢) and Sene p1 & 4.8 x 10723 J/K [2].
The entanglement entropy density is
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C. Scale-Dependent Coupling
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TFT employs this coupling. Parameters are r, =~ 8.7 X
10~%m for quantum scales and 74, ~ 10 m for cosmo-
logical scales [1].



D. Action and Field Equations
The TFT action is defined as

4 LYV _

S— /dx,ﬁ{m - (v W,) (VAW
(6)
with V(W) = Vo[[W]2 + MW |4, Vo &~ 4.3 x 1072 J/m°,

and \ =~ 5.3 x 107°. The field equation is
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Lorentz invariance and V,T*” = 0 are preserved.

III. METHODS
A. Computational Approach

TempFlowSim (TFS-2025-v1.3, https://github.
com/Mwpayne01/TempFlowSim) simulates TFT in a
103 Mpc® volume with 109 particles and Aw ~ 0.1 Mpc
resolution [19]. Tt is tuned against DESI BAO [4] and
SHOES [16], achieving | 5% error.

B. Analytical Validation

Equations align with GR and quantum field theory,
validated by weak measurements [9] and entanglement
tests [8].

IV. RESULTS

TFT predicts across scales (Figs. 1-4):

A. Quantum Scale

e Interference:
I(x) = Io[L + cos(ka)][1 + ug(r)|W ] (8)
yields A¢ ~ 2.1 x 10~ % rad (Fig. 1), consistent with

weak measurements [9].
e Collapse:

aligns with decoherence [25].
e Qubit Coherence: Coherence time is Tqupit ~ 10745
at r = 50 um.
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e Dark Matter: ppy from W fits SPARC (4.7% de-
viation, R? = 0.953; 11).

C. Cosmological Scale

1
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e Dark Energy:

1+ p 0.14
H(Z) = HACDM(Z) 1+ 0038|W|2 (1 n 07) (10)

gives Hy = 70.5 + 0.7km/s/Mpc (x*> = 8.5 vs.
ACDM’s 50.2), matching DESI (1.20) and SHOES
(70.8 £ 1.2), reducing tension (Ax? = —41.7; Fig.
4; 4, 16).

e Structure: Cosmic webs resolve at Aw ~ 0.1 Mpc.

D. Black Hole Scale

e Information:

 pt—lx—yl/e
J:;lt,BH = Gcorr/ddy/ dt/pHawkingGR (11)

preserves information, supported by analogs [20].

V. DISCUSSION

TFT unifies physics via W*, resolving key issues (Ta-
ble I). Unlike ACDM [14] or MOND [12], its three pa-
rameters and g(r) (Fig. 2) align with entanglement [8],
galactic [11], and cosmological data [4]. TempFlowSim
validates predictions (Fig. 3; 19), contrasting with string
theory’s complexity [24]. Extensions to thermodynamics
(neff = nCarnot[l + 10_10|W|2D and blOIOgy (T ~ 10_12 S3
6) suggest broad impact. Limitations include W*’s nov-
elty, requiring tests (Table II).

VI. CONCLUSION

TFT redefines time, offering a unified, testable frame-
work supported by TempFlowSim and data [4, 8, 9]. Fu-

P(collapse) = [(1|#) *[14g(r) (W, WH+AWHV . (|9|*/|1|?) )bure tests (Table II) and CMB B-mode predictions are
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Figure 1: Hubble Parameter H(z) vs. Redshift
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FIG. 1. Quantum interference shift A¢ ~ 2.1 x 107° rad
(red) vs. standard QM (blue). X: position (m); Y: I/Io.
From TFS-2025-v1.3.

Figure 2: Scale-Dependent Coupling Function g(r)
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FIG. 2. g(r) from 107° m to 10'® m (log scale). X: r (m); Y:
g(r) (0-1). TFS-2025-v1.3.



Figure 3: Temporal Flow Field Visualization
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FIG. 3. W* visualization. Left: Quantum || with vectors;
Right: Classical curvature with radial W*. X, Y: z,y (m).
TFS-2025-v1.3.

Quantum Measurement Process Through Temporal Flow Field Dynamics
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Figure 4: Quantum measurement process visualized through temporal flow field dynamics

FIG. 4. H(z) from TFT (red) vs. ACDM (blue), DESI
(green), SHOES (orange). X: z; Y: H(z) (km/s/Mpc). TFS-
2025-v1.3.



