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We investigate the emergence of a localized stability scale in a spectral–Horndeski cosmological
framework in which the scalar potential contains a contribution derived from a spectral eigenvalue
structure. Using spectral diagnostics independent of the canonical fine-structure scale, we identify
a characteristic crossover at χspec ≈ 133.6 corresponding to the peak sensitivity of the spectral
response. A stability analysis of the Horndeski effective field theory reveals the presence of a
protection scale near χ ≈ 137 where the ghost stability margin reaches its global maximum, forming
a stability dome in field space. Null experiments and spectral shuffle ensemble tests demonstrate
that the protection scale disappears when the spectral sector is removed and becomes delocalized
when the coherent eigenvalue structure is disrupted. Across 200 shuffled realizations, the observed
configuration appears as a statistical outlier (p < 0.005). We interpret the offset between the spectral
crossover and the stability peak as a delayed dynamical response to spectral forcing, which we refer
to as stability inertia.

I. INTRODUCTION

Scalar–tensor theories provide a broad framework for exploring modified gravity and cosmological dynamics. Among
them, Horndeski theories represent the most general class yielding second-order field equations [1]. The effective field
theory (EFT) formulation has become a standard tool for studying cosmological perturbations in scalar–tensor gravity
[2, 3]. Within this framework, the stability of cosmological solutions is characterized by ghost and gradient stability
conditions derived from EFT parameters [4, 5]. In this work, we explore whether additional geometric structure can
influence the stability landscape of scalar–tensor cosmology. In particular, we consider a scalar potential coupled to
a spectral sector derived from an eigenvalue distribution. We show that this spectral coupling generates a localized
stability dome near χ ≈ 137.

II. SPECTRAL–HORNDESKI MODEL

We consider a scalar field χ in a Horndeski theory defined by the action terms derived from [1]:

G2 = X − V (χ) (1)

G3 = 0 (2)

G4 =
1

2
F (χ) (3)

G5 = 0 (4)

where X = −1
2∇µχ∇µχ. The effective Planck mass is F (χ) = 1+ ξ

2 (χ−vχ)
2. The scalar potential contains a spectral

component V (χ) = Vpoly(χ) − µE8LE8(χ). The spectral density is LE8(χ) =
∑

j
γj

(s(χ)−λj)2+γ2
j
, where the mapping

between scalar and spectral coordinate is s(χ) = s∞ +Ae−χ/χc .

III. SPECTRAL DIAGNOSTICS

To identify characteristic scales associated with the spectral sector, we define the sensitivity measure I(χ) =
|∂χLE8|2. Using a center-blind extraction method, we identify a dominant spectral sensitivity peak located at χspec ≈
133.6.

IV. STABILITY ANALYSIS

Scalar perturbation stability is determined by the ghost stability margin D = αK + 3
2α

2
B [2, 4, 5]. The EFT

functions are αM = d lnF
d ln a and αB = −αM , with αK ≃ u2

F and u = dχ
dN . A numerical scan reveals a broad stability

dome centered near χ ≈ 137.
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FIG. 1. Stability-margin landscape in field space. The ghost stability margin D is shown as a function of the field coordinate
χ for the E8-shielded model (blue) and the null model with µE8 = 0 (red). Dotted vertical markers indicate the attractor near
χ ≈ 132, the spectral crossover near χspec ≈ 133.6, and the protection scale near χ ≈ 137.

V. NULL AND SPECTRAL SHUFFLE TESTS

To determine whether the protection scale originates from the spectral sector, we perform two control experiments.
First, a null model is constructed by setting µE8 = 0. In this case, the stability dome disappears, as shown in Fig. 2.
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FIG. 2. Blank-universe control test. The coherent E8 spectral model (blue) is compared with the null model obtained by
setting µE8 = 0 (red). The protection dome near χ ≈ 137 disappears in the null model.

Second, we generate 200 shuffled spectral realizations by randomizing the ordering of the eigenvalues λj while
preserving spectral density. The observed configuration appears as a statistical outlier with p < 0.005. The comparison
between the coherent spectrum and shuffled geometries is shown in Fig. 3.

FIG. 3. Spectral shuffle test comparing the coherent E8 configuration (blue), a shuffled spectral geometry with broken coherence
(purple), and the null model (red). The coherent spectrum generates a localized protection dome near χ ≈ 137, while shuffled
spectra produce fragmented structures.
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The ensemble-level statistical significance is summarized in Fig. 4.

FIG. 4. Shuffle-ensemble statistics for 200 randomized spectral realizations. Left: distribution of the peak stability margin
max(D), showing the coherent E8 configuration as an outlier. Right: distribution of peak locations χpeak, showing localization
near χ ≈ 137.

VI. DYNAMICAL MECHANISM

The spectral crossover generates a localized force ∂χV = V ′
poly − µE8∂χLE8. This force accelerates the scalar field

and increases the kinetic contribution to the stability margin. The stability peak therefore appears downstream of
the spectral crossover (χspec ≈ 133.6, χshield ≈ 137) with an offset ∆χ ≈ 3.4. This shift suggests a delayed dynamical
response to spectral forcing, interpreted as stability inertia.

VII. INFORMATION GEOMETRY

The spectral sensitivity function can be interpreted as an information density. The peak near χspec corresponds
to a surge of spectral information, while the stability dome near χ ≈ 137 acts as a downstream buffer regulating the
dynamical response. This relationship is illustrated in Fig. 5.
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FIG. 5. Information-geometric interpretation of the spectral-stability hierarchy. The normalized spectral-information sensitivity
peaks near χspec ≈ 133.6, while the normalized stability margin reaches its maximum downstream near χ ≈ 137.

VIII. DISCUSSION

The results indicate that the stability landscape can be shaped by coherent spectral geometry. When the spectral
sector is removed or its coherence disrupted, the protection scale disappears or becomes delocalized. Figs. 1–5 support
a three-layer interpretation: equilibrium near χ ≈ 132, spectral sensitivity near χspec ≈ 133.6, and stability protection
near χ ≈ 137.

IX. CONCLUSION

We have shown that coupling a spectral sector to a Horndeski scalar field can generate a stability protection scale
near χ ≈ 137. This depends on the coherent structure of the spectral eigenvalue distribution , suggesting that spectral
geometry shapes stability landscapes in cosmological effective field theories.
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Appendix A: Numerical Methods

The scalar field evolution is solved using N = ln a and u = dχ/dN . Background equations are integrated using a
fourth-order Runge-Kutta method.
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