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Abstract

The concordance model faces statistically significant tensions in the Hub-
ble constant (Hp) and the Sy parameter. Here, we propose that a density-
dependent gravitational coupling Geg(p), motivated by extra-dimensional
screening, could naturally decouple background expansion from structure
growth. Using the local KBC Void (§ ~ —0.5) as a working hypothesis, we
find that relaxed screening enhances Geg, yielding Hy =~ 73 km/s/Mpc consis-
tent with SHOES. As matter virializes, increased density activates screening
(Geg — Gy), introducing Hubble friction that suppresses Sg & 0.76, consis-
tent with weak lensing surveys. This framework offers a unified geometric
explanation for both anomalies, warranting further analysis with Boltzmann
solvers.
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1. Introduction

The ACDM model faces two persistent tensions that may signal physics
beyond the standard model [I}, 2, B]. The locally measured Hubble constant,
Hy = 73.04 £1.04 km/s/Mpc (SHOES) [4], disagrees at > 5o with the CMB
inference, Hy = 67.4 £ 0.5 km/s/Mpc (Planck) [5]. This discrepancy per-
sists across independent methods including TRGB [6] and strong lensing [7].
Simultaneously, weak lensing surveys report lower clustering than Planck
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predicts: KiDS-1000 finds Sg = 0.75915:551 [8], while DES Year 3 reports
Sg = 0.776 £ 0.017 [9]—both 2-30 below Planck’s Sg = 0.834.

Most solutions address one tension while exacerbating the other. Early
Dark Energy [10] raises Hy but increases clustering, worsening Sg [11, 12]. A
successful resolution requires decoupling background expansion from struc-
ture growth.

We propose that such decoupling emerges from density-dependent gravi-
tational screening, combined with our residence in the KBC Void—a 300-600
Mpc underdensity (§ ~ —0.5) established by multiple surveys [14] 15| [16] and
shown to be incompatible with ACDM at > 50 [17].

2. Theoretical Framework

We adopt a screening mechanism motivated by 5D Kaluza-Klein gravity
[18, [19], where the radion field acquires a density-dependent mass:

mg(p) = Az’ (1)

with 8 = 1/4/6 fixed by dimensional reduction. This yields an effective grav-
itational coupling analogous to chameleon [20] and symmetron [21I] mecha-
nisms, which satisfy Solar System and laboratory constraints [22], 23)]:

Ger(p) = G [1+ 28 fucreen(p)] (2)

where ficreen — 1 in voids and feereen — 0 in dense regions.

3. Alleviating the Hubble Tension
In the KBC Void with § ~ —0.5 (Fig. ), we have fioeen = 0.5, yielding:

legfid 1
——— =1+2x-=x05~x1.17 3
o LTExg (3)
Since H? o< Gegp:
HY = 67.4 x v/1.17 =~ 72.9 km /s/Mpc (4)

consistent with SHOES [4] (Fig. [Ib). The tension may thus reflect our loca-
tion in an underdense region within a density-dependent gravity framework,
rather than a measurement crisis.
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Figure 1: (a) The KBC Void density profile showing the local underdensity (6 ~ —0.5) ex-
tending to ~300 Mpc. (b) Predicted Geg/Gn (blue) and Hy (red) versus density contrast.
At § = —0.5, the model yields Hy ~ 73 km/s/Mpc, consistent with local measurements.

4. Addressing the Sg Tension

The crucial test is whether this mechanism preserves or improves Sg [11].
Unlike Early Dark Energy, our mechanism operates through self-regulation:

(1) Enhanced expansion: In the low-density void, Geg > Gy drives
faster background expansion.

(2) Screened growth: When matter collapses into halos (ppalo ~ 200p),
Eq. triggers screening: Gz — G inside virialized structures.

(3) Self-regulation: Structures grow with standard Gy against an en-
hanced background. The increased Hubble friction (2Henhanced5m) suppresses
growth:

Smodel 1 .83 x \/GN/Gggckgmund ~0.83x \/1/117T~ 076  (5)

consistent with KiDS [8] and DES [9]. This decoupling is not fine-tuning but
an inevitable consequence of Eq. .

We emphasize that the density-dependent enhancement discussed here
represents a spatial variation in the present-day universe, not a temporal
cosmological evolution. Big Bang Nucleosynthesis constraints on §G [13]
apply to the cosmic mean value of G.g during nucleosynthesis, when the
universe was homogeneous. The KBC Void formed at z < 1, well after
structure formation began, and represents a local departure from the cosmic
mean. The ~17% enhancement is confined to our underdense environment;
the volume-averaged (Geg) remains consistent with BBN bounds.
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Figure 2: (a) The Hy—Ss plane showing observational constraints. Early Dark Energy
(orange) raises Hy but worsens Sg. This work (green star) moves toward the region
favored by both SHOES and weak lensing surveys. (b) The self-regulating mechanism:
background expansion is enhanced (blue, > 1) while structure growth is suppressed (red,
< 1) due to screening in collapsed halos.

5. Predictions and Discussion

While full MCMC analysis with Boltzmann codes [25] is required for
precise parameter constraints, the analytic estimates demonstrate correct
qualitative behavior. The framework makes falsifiable predictions:

e Density—H, correlation: Observers in overdense regions should infer
systematically lower Hj, testable by future SNe surveys in different
environments.

e Void—cluster asymmetry: The growth rate fog should be higher
in voids than clusters, beyond ACDM expectations, testable by Euclid
and DEST [26].

e Laboratory signature: The mechanism predicts a fifth-force accel-
eration a4 &~ 2 x 1072 m/s? in vacuum chambers [24], testable by next-
generation atom interferometry [27] 2§].

6. Conclusion

A density-dependent gravitational coupling, combined with the KBC
Void, offers a unified pathway to addressing both the Hy and Sy tensions. The
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same equation mi x p that enhances expansion in voids suppresses growth in
halos—not fine-tuning, but an inevitable consequence of the screening mech-
anism. The predicted values (Hy ~ 73 km/s/Mpc, Sg ~ 0.76) match observa-
tions without requiring exotic physics beyond a single geometric mechanism.
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