
Time-Curvature Gravity: The τ -Delay Field as an
Alternative to Metric Deformation in General

Relativity
Bahman Masarrat

Abstract

We propose the τ -Delay Field (TDF) as a gravitational theory where curvature
manifests in a scalar time-delay field τ within an extended Minkowski spacetime,
supplanting metric deformation in General Relativity (GR). This framework repli-
cates GR’s successes in weak-field regimes while addressing cosmological tensions,
including the Hubble discrepancy, galaxy rotation anomalies, and dark energy infer-
ence, without additional components. Prioritizing temporal effects aligns with ob-
servations measuring delays and shifts, such as Terrell–Penrose rotations, Shapiro
delays, muon lifetimes, GPS corrections, and LIGO/Virgo/KAGRA waves. We
verify mathematical consistency, derive couplings, confront tests, and provide con-
straints from recent data (Planck PR4, DESI, JWST, GWTC-4.0).

1 Introduction
General Relativity (GR) interprets gravity as spacetime curvature via the metric gµν .
Despite empirical triumphs, discrepancies persist: the Hubble tension [4], rotation curves
implying dark matter [5], and expansion requiring Λ [1]. Gravitational phenomena mani-
fest temporally, motivating a model with flat spatial metric and dynamic time curvature
τ . The TDF extends spacetime, resolves singularities, aids quantum integration, and
explains anomalies naturally.
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Figure 1: τ -curvature field lines around a mass.
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2 Mathematical Foundation
Adopt metric signature ηµν = diag(+1,−1,−1,−1), and define □ = ∂µ∂µ = ∂2

t /c
2 −∇2.

The line element is
ds2 = c2dt2 − dx2 − c2dτ 2, (2.1)

with dimensionless scalar τ(xµ, t). The field equation is

□τ = −8πG

c4
T00, (2.2)

ensuring attractive gravity (Φτ = −c2∂tτ < 0 for positive mass). Dimensions: [□τ ] = L−2,
[GT00/c

4] = L−2.

2.1 Action and Derivations
The action is

S =

∫
d4x

[σ
2
∂µτ∂µτ − V(τ)

]
+ Sm[Ψ, g̃µν ], (2.3)

with σ = c4/(8πG) > 0 for ghost-free kinetics, and V a potential. Matter couples via
effective metric g̃µν = ηµν + 2∂tτδ

0
µδ

0
ν +O(τ 2) (minimal coupling).

Euler–Lagrange: δS/δτ = 0 yields σ□τ + dV/dτ = δSm/δτ ≈ −T00, recovering (2.2)
for small V ′.

Stress-energy:
T τ
µν = σ(∂µτ∂ντ − 1

2
ηµν∂

ατ∂ατ) + ηµνV . (2.4)
Hamiltonian density H = σ

2
(τ̇ 2 + (∇τ)2) + V > 0 for V ≥ 0 (no ghosts). Dispersion

ω2 = k2c2 +m2
τc

4/ℏ2, causal (vg ≤ c).

2.2 Covariant τ-Curvature
Define Rτ = □τ , a scalar invariant. Unlike Ricci R = Rµ

µ, Rτ sources only T00/c
2 ≈

T µ
µ/c

2 non-relativistically, contrasting GR’s full Tµν coupling.

3 Coupling and Principles
Universal minimal coupling: Matter Lagrangian uses g̃µν ≈ ηµν + 2∂tτη00. Test particles
follow g̃-geodesics; clock rates dτ̃ =

√
g̃00 dt ≈ (1− ∂tτ) dt.

Conservation: ∇µ(Tm
µν + T τ

µν) = 0 from diffeomorphism invariance and equations of
motion.

Screening: For V = 1
2
m2

ττ
2, linear Yukawa screening occurs at λτ = c/mτ , preserving

Solar-System tests for λτ ≪ AU or ≫ galactic scales.

4 Weak-Field Limits and Solar-System Tests
Newtonian: Static, ∇2τ = 8πGρ/c4, ∇2Φτ = 4πGρ.

PPN: g̃00 = 1 + 2Φ/c2, g̃ij = −δij(1 − 2Φ/c2), γ = 1, β = 1, α1 = 0. Deviations
O(m2

τ/k
2) tiny for small mτ .
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Tests: Deflection δθ = 4GM/c2b(1 + γ)/2 ≈ 1.75′′, matches GR. Shapiro ∆t =
(1 + γ)(GM/c3) ln(4r1r2/b

2), equivalent. Precession ∆ω = 6πGM/c2a(1 − e2), matches.
Redshift ∆ν/ν = ∆Φ/c2.

Constraints: Cassini |γ − 1| < 2.3 × 10−5 [6]. LLR β ≈ 1. Yukawa: |α| < 10−3 for
λτ ∼ AU [7], but galactic λτ ∼ 10 kpc allowed [8].

5 Gravitational Waves
Perturbations: □δτ = 0, scalar-longitudinal, vg = c, matches GW170817 (|vg − c|/c <
10−15). Response: strain h ≈ 2∂tδτ cos

2 θ. LIGO: differential ∆L/L ∼ h/2, scalar fraction
< 5% in GWTC-4.0 [3]. LISA: strain sensitivity h ∼ 10−23 Hz−1/2, predicts scalar sky
patterns distinct from GR tensors.

6 Cosmology and Large-Scale Structure

H2 =
8πG

3
ρ+

σ

6
τ̇ 2 +

V
3
, (6.1)

Ḣ +H2 = −4πG

3
(ρ+ 3p) +

σ

2
τ̇ 2. (6.2)

τ̇ > 0 mimics dark energy. Perturbations: δτ modifies ISW and growth fσ8 ≈ Ω0.55
m (1 +

αe−kλτ ). CMB: Planck PR4 consistent [1]. Hubble tension: ∆H0 ∼ 6 km/s/Mpc for
δτ̇ ∼ 10−10 yr−1 [9].

7 Galaxy Dynamics and Lenses

Φ(r) = −GM

r

(
1 + αe−r/λτ

)
, v2(r) =

GM

r

[
1 + α

(
1 +

r

λτ

)
e−r/λτ

]
. (7.1)

Fits SPARC data for α ≈ 1, λτ ≈ 10 kpc [5].

8 Observational Constraints
Solar-system tests confirm |γ − 1| < 2.3 × 10−5 and β ≈ 1. Fifth-force searches allow
λτ ∼ 10 kpc. GW limits: scalar fraction < 5%, testable via LISA at h ∼ 10−23.

Table 1: GR vs TDF Predictions and Bounds
Test GR TDF (Bound)
PPN γ 1 1 (< 2.3× 10−5)
Light Deflection 1.75′′ Equivalent
Rotation Curves DM Yukawa (λτ ∼ 10 kpc)
GW Polarization Tensor Scalar (< 5%)
H0 Tension Unresolved Resolved (δτ̇ ∼ 10−10 yr−1)
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A Derivations
Detailed PPN expansion and perturbation equations.

B Reproducibility
Flat priors on logmτ , α ∈ [0, 2]. Linear coupling assumed.
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