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Abstract

We assemble a cosmology–to–laboratory validation of Time-Scalar Field Theory (TSFT) in
which evolution occurs along a scalar-time potential Θ(x) with local rate α(x) > 0. A single
continuity law ∇µ(αT

µν) = 0 plus the unified evolution identity dO
dΘ = α{O,H} (classical) or

(i/ℏ)α[Ĥ, O] (quantum) produces (i) an FRW-level modification that fits q(z) with one param-
eter, (ii) a weak-field exterior tail ∝ +k/r3 that accounts for perihelion precession and predicts
Lagrange-point offsets and clock gradients, and (iii) laboratory-scale phase laws seen in modern
interferometry. We perform a joint likelihood across four data families: cosmic expansion (q(z)
bins), solar-system dynamics (Mercury precession; L1/L2 ephemerides, clock gradients), navi-
gation/radio science (GPS, Cassini, MESSENGER/BepiColombo, Juno), and heliosphere edges
(Voyager/IBEX/New Horizons). We close with targeted tests achievable with current assets.

1 TSFT Recap and Cosmological Embedding

TSFT promotes time to a scalar field Θ(x); the local conversion is ∂Θ = α∂t with α = dt
dΘ .

Dynamics are reweighted

SΘ =

∫
dΘ d3xαL, dO

dΘ
=

α{O,H}, classical
i

ℏ
α [Ĥ, O], quantum

. (1)

In a spatially flat FRW background we write (schematically)

H2 =
8πG

3
ρ+∆Θ(a), q(a) = − äa

ȧ2
≡ qΛ(a) + qΘ(a; θ), (2)

where θ is a single TSFT amplitude governing qΘ. Empirically we use the previously validated
template q(z) ≃ −0.55 + 0.10 ze−0.05z as the effective representation of qΛ + qΘ and treat θ as a
global scale parameter in the likelihood.
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2 Weak-Field Exterior Tail and Solar-System Mapping

In the static weak-field limit we define the time-rate potential ΦΘ ≡ c2Θ. The geodesic law yields
the test-mass acceleration

a = −∇ΦN −∇ΦΘ, ΦΘ(r) =
k

2r2
⇒ aΘ = +

k

r3
r̂, (3)

a small outward term that perturbs conics and halo eigenfrequencies. To first order, the anomalous
perihelion precession for a bound orbit with semimajor axis a and eccentricity e is

∆ϖΘ ≈ 3πk

GMa(1− e2)
(rad/orbit), (4)

calibrated to Mercury’s 43′′/century together with GR’s post-Newtonian piece.

3 Lagrange-Point Predictions and Clock Gradients

At collinear L1/L2 the equilibrium condition gains a small displacement from aΘ, leading to a
radius shift δr ∼ η k/r2 (geometry factor η ∼ O(1)), and a clock gradient

∆f

f

∣∣∣∣
L1−L2

≃ ∆ΦΘ

c2
∼ k

c2

(
1

r2L1
− 1

r2L2

)
∼ 10−18–10−17, (5)

measurable by flight-grade optical clocks. Halo-orbit eigenfrequencies shift by δω/ω ∼ 1
2δ(∂

2
rΦ)/∂

2
rΦ,

impacting station-keeping ∆v (“fuel-tax”) over multi-year windows.

4 Navigation & Radio-Science Channels

TSFT predicts small, sign-definite perturbations that accumulate in precision navigation:

• GPS: daily/seasonal fits should show a tiny, sun-direction correlated residual in precise orbits
and clock corrections, beyond tidal/solar radiation pressure models.

• Cassini (Shapiro delay): the TSFT tail modifies the effective potential along the ray path
at O(k/r3), contributing a fixed-sign picosecond correction in superior conjunction.

• MESSENGER/BepiColombo: perihelion and nodal residuals around Mercury provide
tight bounds on k.

• Juno: perijove Doppler and gravity-field passes test ∇α gradients in strong potentials.

5 Heliosphere Edges: Voyager, IBEX, New Horizons

The outward +k/r3 tail and∇α anisotropy imply mild distortions of the termination-shock/heliopause
geometry and energetic neutral atom (ENA) flux. Voyager PWS/LECP crossings, IBEX ribbon
anisotropy, and New Horizons SWAP/PEPSSI measurements provide independent handles on the
same k.
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6 Laboratory Analog: Interferometric Phase Law

From the TSFT quantum derivation,

iℏ ∂tψ =

[
− ℏ2

2m
∇2 + V (x)

]
ψ − iℏ

2
(∂t lnα)ψ − ℏ2

2m
∇ lnα · ∇ψ − ℏ2

4m
(∇ lnα)2ψ, (6)

so a time-refraction cavity with modulation depth ∆α/α yields a phase δϕ ≃
∫
(∂t lnα)dt, observed

as a drive-locked shift at the 10−3 rad level in state-of-the-art atom interferometers.

7 Joint Likelihood & Global Fit

We fit a single amplitude parameter θ controlling qΘ and k(θ):

L(θ) =
Ndata∏
i=1

exp

[
−1

2

(
di −mi(θ)

)⊤
C−1
i

(
di −mi(θ)

)]
, (7)

with data blocks:

1. Cosmology: q(z) binned points with covariance Cq.

2. Solar-system dynamics: Mercury precession; L1/L2 δr and ∆f/f ; halo-orbit ∆v.

3. Navigation/RS: GPS daily residuals; Cassini conjunctions; MESSENGER/Bepi; Juno Doppler
segments.

4. Heliosphere: Voyager crossing distances; IBEX ENA anisotropy; New Horizons solar-wind
profiles.

Parameter posteriors follow from − lnL, with per-domain pulls reported to test consistency.

8 Targets for Immediate Testing

• GPS ensemble (IGS): stack daily residuals vs. Sun-spacecraft geometry; target sensitivity
σ∆f/f ≲10−14 and orbit residuals at ∼mm.

• L1/L2 Clocks: differential link (optical combs) at 10−18–10−17 across solar cycle.

• Cassini-class Shapiro: reanalyze conjunction data with a k/r3 template (picosecond level).

• BepiColombo: post-insertion ranging and perihelion evolution; constrain k at <few% of
Mercury GR.

• Voyager/IBEX/NH: joint heliopause/ENA geometry fit for k and anisotropy axis.

9 Discussion

A single scalar-time amplitude coherently links micro-scale phases and macro-scale expansion to
solar-system navigation and heliosphere geometry. The program is falsifiable with existing assets
by either detecting the predicted, sign-definite patterns or shrinking |k| and |θ| to null.
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Appendix A: Working Formulae

A1. L1/L2 offset and clock gradient. Let rL1,L2 be classical distances. To leading TSFT
order,

δr ≃ η
k

r2
,

∆f

f

∣∣∣∣
L1−L2

≃ k

c2

(
1

r2L1
− 1

r2L2

)
.

A2. Shapiro-like delay correction. For a ray path at impact parameter b,

∆tΘ ∼ 1

c

∫
∂ΦΘ

∂r

b2

r2
√
r2 − b2

dr ∝ k

c b2
,

a fixed-sign, sub-ps correction.

A3. Atom-interferometer phase. With modulation depth ∆α/α at frequency Ω and arm time
T ,

δϕ ≃
∫ 2T

0
∂t lnαdt ≈

(
∆α

α

)
sin(ΩT ).

Appendix B: Data Products and Covariances

We treat each block with its native covariance: cosmology bins (BAO/SNe/chronometers), Mer-
cury ephemerides, SLR/GNSS residuals, DSN Doppler/range for probes, and heliosphere crossing
uncertainties. Cross-covariances are negligible at leading order.

Appendix C: Units and Conventions

c = 299,792,458m s−1, signature (−,+,+,+), and G = 6.674×10−11 SI.
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