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Abstract

This paper develops an information-theoretic framework for analysing empir-
ical spectra across cosmology, physiology, and astrophysics by recasting them
as normalized probability densities and quantifying model adequacy through
the Jensen-Shannon distance (JSD), a bounded metric from information ge-
ometry. Across the Cosmic Microwave Background (CMB), human heart-rate
variability (HRV), and JWST NIRSpec data, we identify a robust cross-domain
gradient of informational coherence: CMB spectra lie closest to parsimonious
envelopes, HRV spectra show intermediate coherence, and high-resolution
JWST spectra exhibit maximal differentiation. This hierarchy spans nearly two
orders of magnitude in JSD and remains stable under bootstrap resampling
and model variations. We interpret these results as evidence that coherent sys-
tems occupy restricted regions of informational space, whereas local complex-
ity and decoherence drive spectra toward higher informational curvature. In
this view, temporal asymmetry may reflect increasing informational distin-
guishability rather than specific dynamical laws. The framework does not pro-
pose a new physical theory, but offers a quantitative, information-geometric
basis for investigating structural constraints on order, complexity, and the
emergence of time.

Keywords
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1. Introduction

The idea that physical structure is constrained by informational principles has be-
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come increasingly influential in contemporary theoretical physics. Holographic
entropy bounds [1]-[3] suggest that the accessible information in a spatial region
scales with the area of its boundary, while information geometry provides tools
for quantifying distinguishability between empirical or theoretical distributions
[4]. These developments motivate a re-examination of empirical data through in-
formational rather than dynamical primitives.

This paper proposes that the Jensen-Shannon distance (JSD), a bounded, sym-
metric divergence on the probability simplex, furnishes a natural cross-domain
gauge of informational coherence. By treating empirical spectra from cosmology,
physiology, and astrophysics as normalized probability densities, we investigate
whether their structural organization reveals common geometric features com-
patible with informational constraints.

The guiding question is not whether diverse systems share detailed dynamics,
but whether their informational profiles exhibit comparable compressibility when
projected onto parsimonious model families. Here, “informational coherence” re-
fers specifically to the information-geometric proximity between an empirical dis-
tribution and a parsimonious model, quantified by the Jensen-Shannon distance.
This notion is explicitly epistemic: it captures how efficiently a representation can
be compressed without losing distinguishability, rather than describing any phys-
ical mechanism. It is therefore distinct from standard physical definitions of co-
herence, such as phase coherence in wave mechanics or quantum coherence in
density-matrix formulations. Coherence is, in this context, a structural property
of probability distributions, not of dynamical or wave-based correlations. To ad-
dress these questions, we introduce a mathematical framework based on the JS
geometry of probability distributions. A model family Q is interpreted as a geo-
metrically coherent submanifold of the simplex, while the JSD defines a metric
structure that supports curvature-based sensitivity analysis and projection theo-
rems. This allows us to formalise notions such as informational coherence, differ-
entiation, and bounded structural deviation. An earlier and more speculative for-
mulation of a holographic interference framework, applied primarily to cosmol-
ogy and consciousness, was outlined in [5].

The present article shifts the emphasis from speculative interpretation to math-
ematical structure: here, we develop an explicit information-geometric formula-
tion and apply it systematically to empirical spectra across domains. We then ap-
ply this framework to three empirical areas: Cosmic Microwave Background (CMB)
multipole spectra, human heart-rate variability (HRV), and JWST NIRSpec flux
distributions. Despite their different physical origins, these datasets yield a sys-
tematic gradient of informational coherence, ranging from the strongly constrained
CMB to the highly differentiated JWST spectra.

So, the aim of this article is conceptual rather than dynamical: to show that in-
formational geometry provides a unified language for describing coherence and
decoherence across scales, and that bounded metrics such as JSD can reveal struc-

tural regularities not apparent from domain-specific analyses.
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This approach does not advance a new physical theory; instead, it suggests an
interpretive layer in which empirical organization is shaped by global informa-
tional constraints.

Section 2 develops the mathematical structure of the JS-metric geometry. Sec-
tion 3 introduces the construction of probability densities and parsimonious ref-
erence models. Empirical results are presented in Section 4, followed by their
foundational interpretation in Section 5. Section 6 addresses the epistemological
implications for coherence and scientific inference. Section 7 outlines future di-
rections suggested by the information-geometric framework, and Section 8 sum-

marizes the main conceptual consequences.

2. Information-Geometric Framework

Probability densities are modeled as points on the interior of the n-dimensional
simplex, equipped with the Jensen-Shannon (JS) metric. Within this setting, par-
simony corresponds to geodesic proximity to low-dimensional submanifolds de-

fined by model families.

2.1. The JS Metric and Coherence Manifolds

Let
P:{peRfo \Zpi :1}
i=1

denote the probability simplex. For p,q € P, the Jensen-Shannon divergence is

pPrq

1 1
JS(P,Q)=EDKL(P||m)+EDKL(6I||m), m = 5

and the JS distance is d, (p,q) = JS(p,q) .

We assume p,,q; >0 so that all logarithms are defined and the JSD is twice
continuously differentiable. This induces a metric space (79" »disp )

Definition 1 (Coherence Manifold). Let QO — P° be a model family. For
& >0, define

M, (Q,é‘) = {p eP’|dyp (paQ) < ‘9}9 disp (PaQ) :i{EngSD (PaQ)~

Spectra are informationally coherent when they lie close to parsimonious fam-

ilies Q. This characterization is independent of physical units.

2.2. Main Theorem I: Curvature and Sensitivity

Since JS is smooth on P, the Hessian H(p) =V2JS(p,q0 )| is well-de-
P=40
fined. We interpret

K, (p)=(r-4,-H(4,)(P~4,))

as an information-geometric curvature, expressing the local sensitivity of JS to
perturbations around ¢, .
Theorem 1 (Curvature and Sensitivity). Let O be a smooth submanifold of
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P and let p,qeQ with d,g (p.qy)<d,(q.9,) . Then for all sufficiently

small geodesic perturbations 6 €T,P",

K, (p+3)<K, (¢+5).

Proof. Inside P° the ]S divergence is strictly convex along geodesics, and its
Hessian is positive semidefinite with radial monotonicity. Thus points closer to
q, lieinlower curvature shells. The claim follows by first-order perturbation the-
ory. d

Remark. The closer a spectrum is to a parsimonious family, the lower its infor-

mational curvature.

2.3. Bounded Capacity

Proposition 1 (Bounded Capacity). Forall p,qeP’,
IS(p.q)<log2, dg,(p.q)</log2.

Proof. Since m=(p+q) / 2 assigns at least half the probability of each argu-

ment,

Dy, (p I m) <log2, Dy (q Il m)S log2.

Averaging yields the JS bound. O
Remark. This bound expresses a global limit on informational differentiation.

3. A Unified Information-Geometric Framework
3.1. Model Manifold and Parsimony Functional

Let @ cP° be a smooth, low-dimensional model manifold (Gaussian enve-

lopes, mixtures, smoothing kernels). Define the parsimony functional
Alq]=18(p.q)+AK(q).

where K(¢) penalizes model complexity and A >0. The minimizer ¢ €Q
is interpreted as the optimal parsimonious representation of the empirical distri-
bution p. Gaussian and few-parameter envelopes were adopted as the baseline
parsimonious models for three reasons. First, Gaussian families are maximum-
entropy distributions under moment constraints, providing a principled and do-
main-agnostic reference. Second, their interpretability and low dimensionality
make them suitable for quantifying deviations from simple structures through the
JSD. Third, the same model class can be applied uniformly across cosmology,
physiology, and astrophysics, enabling cross-domain comparability. The purpose
of adopting these low-dimensional Gaussian and mixture families is therefore not
to approximate detailed domain-specific physics, but to establish a uniform, max-
imum-entropy baseline against which informational deviations can be meaning-

fully quantified across heterogeneous domains.

3.2. Main Theorem II: Coherence-Curvature Ordering

Theorem 2 (Coherence-Curvature Ordering). Let p,,p, € P° and q,€Q.If
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dysp (P1:90) < dysp (P2:40)
then
k(p)<x(p,)-

Proof. Since IS(p,q,) is strictly convex in p, the Hessian grows with dis-
tance from ¢, , giving the inequality. a
3.3. Main Theorem III: Parsimony Projection
Theorem 3 (JS-Parsimony Projection) Let Q be closed and convex. Then

¢" =argmin A[q]

exists, is unique, and satisfies
_ -ISD
q" =Proj;” (p).

Proof. Existence and uniqueness follow from convexity; orthogonality of the

JSD gradient yields the projection. O

3.4. Main Theorem IV: Bounded Differentiation Principle

Theorem 4 (Bounded Differentiation Principle). For any p € P° and model
family Q,

JSD( ) Jlog2, ¢ =Projy” (p).

Moreover,
Agige (P,Q) =ylog2 —d, (P,q*)~

Proof. Directly from Proposition 1. O
Remark. Empirical spectra cannot diverge arbitrarily: all informational differ-

entiation is bounded.

3.5. Conceptual Significance

Together, the four theorems establish a geometry linking:
e coherence (low JSD),

e curvature (stability),

e parsimony (projection),

e bounded differentiation (capacity limits).

This structure underlies all empirical analyses that follow.

4. Results

The CMB and HRV summary statistics used in this section are reported in Tables
1-3. All logarithms are natural (nats). Base-2 values are in bits. Frequencies are in

Hz and multipoles are denoted by /.

4.1. CMB

Using the optimal parameter combinations (AE,O') = (20,0.5) for TT and TE,
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Table 1. Cross-domain summary.

Domain Dataset Model JSD JSnats KLpq KLgp CMB
TT  smooth o= 0.5 0.0021 0.000004 -0.000006 0.000008
CMB EE smooth 0=0.5 0.0078  0.000061 0.000014 0.000002

ECG Fantasiafly0l VLF+LF+HF 0.0866 0.007494  0.0406 0.02713

CMB TE smooth 0=0.5 0.0375 0.00141  0.000223  0.000533

Table 2. Ablation summary for TE sign-channel and HRV mixture order. Columns: A =
baseline (TE: mag only; HRV: 2G), B = full model (TE: sign + mag; HRV: 3G), and AJSD
=]JSD(A) - JSD(B).

Domain Dataset Condition JSD (A) JSD (B) AJSD
CMB TE (Delta-ell = 20; sigma = 0.5) 0.037546 0.037546 0.000000
ECG Fantasia f1y01 VLF + LF (+HF) 0.073204 0.073204 0.000000

Table 3. Bootstrap summary for CMB TT spectrum (A/ =20, ¢=0.50).

Spectrum Base JSD Mean 95% CIL 95% CIH

Planck TT (A¢= 20, o= 0.50) 0.0251 0.4403 0.3886 0.4866

and (30, 0.5) for EE, we obtain the following Jensen-Shannon distances: TT: JSD
= 0.002, EE: JSD = 0.008, TE (sign/magnitude): JSD = 0.038. These results indicate
a high level of informational coherence between empirical and modeled spectra.
For background on CMB anisotropies and acoustic peak structure, we follow
standard treatments in cosmology [6]-[8]. Figure 1 shows the TT probability
density and its comparison with the Gaussian envelope, while Figure 2 presents

the TE sign/magnitude decomposition. Figure 3, which follows in the document,

TT: top 25 KL terms (Delta-ell=20, sigma=0.50, te=signmag)

0.00030 A

0.00025 -

0.00020 -

0.00015 -

0.00010 -

Contribution to D(p]|q)

0.00005 -

0.00000 -
OO0 O 0L 0O Q0O .00 O 0 00 Q0
LS LSS SN EO R

Figure 1. Planck TT: empirical p(¢) vs. Gaussian envelope ¢(¢) (Al=20, o=0.5).
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TE: top 25 KL terms (Delta-ell=20, sigma=0.50, te=signmag)

0.0008 A

0.0007 A

0.0006 -
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0.0003 -

Contribution to D{(p||q)
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S WS AL P

Figure 2. Planck TE (sign/magnitude): magnitude pdf plus Bernoulli sign channel (A/ =20,
o=0.5).

EE: p vs q (Delta-ell=30, sigma=0.50, te=signmag)

0.0016 1/__ p (empirical, binned)

- == ¢ (smoothed, sigma=0.50)
0.0014 A

0.0012 ~

0.0010 -

0.0008 -

0.0006 -

Density (normalized)

0.0004 -

0.0002 -

0.0000 ~

0 200 400 600 800 1000 1200 1400
Multipole ell

Figure 3. Planck EE: empirical p(/) vs. Gaussian envelope ¢(/) (Al=30, o=0.5).

displays the EE spectrum together with its parsimonious envelope. Finally, Figure
4 reports the TE heatmap over (A,,o), summarizing the sensitivity of the JSD
to binning and smoothing choices.

4.2. ECG (HRV)

HRV power spectral densities were estimated using Welch’s method, and fre-
quency bands were defined according to established Task Force guidelines [9]
[10]. For the Fantasia f1y01 dataset with a VLF + LF + HF fit, the information
distances are: KL(p|l¢)=0.0406, KL(q|| p)=0.0271,]S =7.49 x 107, JSD =
0.0866. For MITDB 100 under identical settings we find JSD = 0.289, consistent
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with stronger arrhythmic variability. Figure 5 shows the HRV spectrum from the
Fantasia f1y01 record together with its fitted 3G envelope.

TE - JS-distance (total) — te=signmag

0.20

0.18

0.16

0.14

0.12

0.10

Delta-ell (bin width)
w
o

0.08

0.06

0.04

0.50 1.00 1.50
sigma (gaussian smoothing)

Figure 4. Planck TE: JSD heatmap as a function of (A/,0) in sign/magnitude mode.

FANTASIA fly01 — annot='ecg' | mu0=0.012, mul=0.115, mu2=0.298

16 A
—— p(f) empirica (PSD norm.)
14 | === q(f) VLF+LF+HF (fitted)

12 4

Densita (norm.)

Frequenza [Hz]

Figure 5. HRV (Fantasia f1y0I): empirical p( f ) vs. fitted 3G envelope q( f ) .

4.3. Ablation and Sensitivity

To isolate contributions of individual modeling choices: (i) For CMB/TE: ignor-
ing the sign, increases mismatch, while modeling it via a Bernoulli channel re-
duces the JSD. (ii) For HRV: the 3G mixture slightly outperforms 2G, but boot-
strap analysis shows negligible advantage, supporting JSD-based parsimony. Fig-
ure 6 presents the CMB sensitivity analysis over (A,,o), and Figure 7 displays
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nchi

Binned spectra

sponding TT bootstrap distribution.

the TT density together with its Gaussian reference. Figure 8 reports the corre-

The HRV density and its fitted model comparison are shown in Figure 9, while

Planck TT

TT_d20_50.50 39
TT_d30_51.00 0.0

0.50 1.00 1.5
o (Gaussian smoothing, in bins)

Figure 6. CMB: JSD sensitivity to smoothing parameters (bin width and o).

Planck TT (A£=20, 0=0.50)

Figure 10 compares 2G and 3G envelopes. Figure 11 presents the HRV JSD
bootstrap distribution, and Figure 12 provides a direct 2G - 3G bootstrap com-
parison. These results confirm intermediate informational coherence for HRV,

3
2
1

JsD

—— Empirical p(£)

0.035 1 —— Envelope q(£)

0.030 A
0.025

0.020 -

Density

0.015 -

0.010

0.005

0 200 400 600 800 1000 1200 1400
Multipole £

Figure 7. CMB TT: empirical p(¢) vs. Gaussian envelope ¢(().

Planck TT (Af=20, 0=0.50)
mean=0.4403, sd=0.0251, 95%CI=(0.3886,0.4866)

40 -

30 1

Count

20

10 1

0 |
0.36 038 040 0.42 044 046 048 0.50

JSD
Figure 8. CMB TT: bootstrap distribution of JSD values.
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40

30 A

20+

10

HRV (Fantasia f1y01)

16 A
—— Empirical p(f)

14 A ~——— Model q(f) — 3G
12 A
10 A

8

Density

6

4 4

24

04

0.0 0.1 0.2 0.3 0.4 0.5
Frequency [Hz]

Figure 9. HRV (Fantasia f1y0I): empirical p( f ) vs. fitted 3G model q( f ) .

HRV PSD — model comparison

—— Empirical p(f)
7 A — q(f) 2G
— q(f) 3G

T T T T

0.0 0.1 0.2 0.3 0.4 0.5
Frequency [Hz]

Figure 10. HRV spectra: empirical p( f ) with 2G and 3G model envelopes.

HRV (Fantasia fly01)
mean=0.4320, sd=0.0429, 95%CI=(0.3474,0.5173)

JSD

Figure 11. HRV JSD bootstrap distribution (mean and 95% CI).
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JSD bootstrap (mean = 95% CI)

0.5 1

0.4 1

0.3 1

JSD

0.2 1

0.1 1

0.0 -

2G 3G

Figure 12. Bootstrap comparison of JSD between 2G and 3G HRV models.

consistent with its position between CMB and JWST in the cross-domain hierar-
chy. The cross-domain summary is reported in Table 1. The ablation results are
summarized in Table 2. The CMB TT and HRV bootstrap results are presented
in Tables 3-5. In the following sections, the representative JWST cross-mode
(prism-grating) JSD values are provided in Table 6, and the overall CMB-HRV-
JWST comparison is reported in Table 7.

Table 4. HRV 3G bootstrap summary.

Base JSD Boot mean Boot sd 95% CI

3G 0.0752 0.4320 0.0429 (0.3474, 0.5173)

Table 5. JSD comparison and AJSD (2G - 3G) for HRV bootstrap analysis.

Model Base JSD Mean 95% CI L 95% CI H
2G 0.0857 0.4319 0.3482 0.5157
3G 0.0752 0.4354 0.3510 0.5201
AJSD (2G-3G) -0.0035

4.4. JWST Spectral Analysis and Comparison with Parsimonious
Models

The JWST analysis employs publicly available NIRSpec low-resolution spectra re-
trieved from the STScI MAST archive (Program ID: 01345) as part of the JADES
survey [11]. These observations include JADES prism-grating pairs used to assess
the informational coherence of high-resolution astrophysical spectra.

The raw flux-wavelength arrays were processed through the following steps:

1) masking of detector gaps and pipeline-flagged pixels,

2) Gaussian smoothing with bandwidth o =2-4 bins depending on target
brightness,

3) normalization of the smoothed flux to obtain a probability density p;ys; (4)
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on a common wavelength grid.

To ensure methodological symmetry with the CMB and HRV analyses, each
empirical spectrum was compared against a parsimonious baseline consisting of:
e asingle-mode Gaussian envelope matched to the empirical mean and variance,

and
e atwo-mode Gaussian mixture that captures the dominant continuum + line
structure.

The Jensen-Shannon distance was computed between the empirical density and

JSD(pJWST’q) :\/JS(pJWSTaQ)a

using the normalised wavelength grid. Across all JADES prism-grating pairs,

each model family,

JWST spectra consistently produced the largest information distances among the

three domains examined (CMB, HRV, JWST). Representative values were
JSD,; = 0.63, JSD,, =0.52,

with maximal cases approaching

JSD ~0.70 = /log 2.

These results reflect the intrinsically multimodal and structurally rich nature of
high-resolution astrophysical flux distributions, which occupy high-curvature re-
gions of the JS geometry. In contrast to the globally constrained CMB spectra and
the moderately structured HRV distributions, JWST data approach the JS upper
bound, indicating maximal informational differentiation relative to parsimonious
reference models.

As previously noted, a summary of the representative cross-mode (prism-grat-
ing) JSD values is provided in Table 6.

Table 6. JWST NIRSpec informational distances relative to parsimonious Gaussian model
families and cross-mode (prism-grating) comparisons.

Dataset Model JSD JS (nats)
JWST NIRSpec (JADES) 1G envelope 0.63 0.40
JWST NIRSpec (JADES) 2G mixture 0.52 0.27
JWST (prism-grating) cross-mode 0.751 0.49

4.5. Sensitivity Analysis

We evaluated the stability of the cross-domain JSD hierarchy under variations in
preprocessing parameters. The bin width A and smoothing bandwidth o
were varied within the ranges A e [5,20] and oe [1,5]. While absolute JSD

values changed moderately with these parameters, the ordering

Dy (CMB) < Dyg (HRV) < Dy (JWST)

remained invariant, indicating that the observed structure reflects intrinsic spec-

tral differences rather than preprocessing artifacts.
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Across all domains, varying (A,o) within the tested ranges induced absolute
JSD variations below 15% - 20%, yet the cross-domain hierarchy remained un-
changed. For example, CMB TT varied from 0.0017 to 0.0031, HRV from 0.072 to
0.092, and JWST from 0.68 to 0.76. These ranges confirm the robustness of the

coherence ordering with respect to preprocessing choices.

5. Discussion

The information-geometric framework developed in Sections 2-3 allows us to as-
sess empirical spectra through the bounded geometry of the JS metric. Treating
each spectrum as a point in the probability simplex, and each parsimonious model
family O as a low-dimensional submanifold, the empirical question becomes
geometric: how far does a measured distribution lie from its optimal parsimoni-
ous representation? This formulation reframes coherence, decoherence, and com-
pressibility in terms of proximity, curvature, and projection within a single metric
space.

It is important to emphasize that the information-geometric structure devel-
oped in this work is epistemic rather than ontological. The claim that geometry
“precedes” dynamics concerns the organization of empirical descriptions, not the
metaphysical constitution of physical systems. In this sense, the JS framework pro-
vides a structural language for classifying coherence and compressibility in ob-
served spectra, without implying that physical processes themselves are governed
by geometric principles at a fundamental level. The approach therefore aims at a
unifying method of representation, not at a new physical ontology.

The connection between informational distinguishability and the emergence of
temporal asymmetry can be understood epistemically. Systems whose empirical
representations compress poorly require finer temporal resolution to track their
evolution. In this sense, gradients of informational curvature across representa-
tions may induce an operational direction of time.

Although the present analysis is static, the framework naturally extends to time-
indexed densities p,, where asymmetries in informational flow—measured by
successive JSD increments—can be used to formalize a proto-temporal structure.

Across the three domains examined—cosmology, physiology, and astrophys-
ics—the empirical results are consistent with the following structural pattern:

1) high coherence for CMB spectra (very small JS distances to smooth enve-
lopes),

2) intermediate coherence for HRV spectra (moderate distances to constrained
mixtures),

3) low coherence for JWST NIRSpec spectra (distances approaching the JS up-
per bound).

These empirical levels align naturally with the Coherence-Curvature Ordering of
Theorem 2: since dygp, (py.9y) <dysp (P5.9,) implies & (p,)<x(p,) . spectra
farther from their parsimonious families occupy higher-curvature regions of the JS

geometry. This explains the observed CMB — HRV — JWST progression.
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A detailed comparison across domains and their deviations from the ACDM
predictions is presented in the following figures. Figure 13 illustrates the cross-
domain Jensen-Shannon distance comparison, showing the systematic increase in
informational differentiation from CMB to HRV to JWST spectra. Figure 14 shows
the binned Planck TT |D(| probability density (solid) together with the corre-
sponding ACDM (CAMB) prediction (dashed), highlighting the high coherence
of the acoustic peak structure. Figure 15 presents the Planck EE |D¢,| probability
density compared with the ACDM (CAMB) prediction, showing slightly larger
but still structurally constrained deviations. Figure 16 reports the Planck TE |ny|
probability density versus the ACDM (CAMB) prediction, reflecting the higher
JSD values associated with the TE sign structure and its sensitivity to smoothing
choices. A summary of representative cross-domain and ACDM-adjusted results
is provided in Table 7.

A further clarification concerns the role of the Jensen-Shannon distance itself.
Throughout the present analysis, JSD is employed as a bounded indicator of in-
formational compressibility and as a metric for assessing the adequacy of parsi-
monious representations. It is not proposed as a new physical quantity or as a
fundamental dynamical principle. Its significance in this context is classificatory:
it quantifies how efficiently empirical structure can be represented relative to a
model family, thereby enabling cross-domain comparison without presupposing
any shared dynamics.

In the JS geometry this yields a coherence ordering:

disp (pCMB’QCMB) <dg, (pHRV » Oty ) <dg, (pJWST>QJWST )’

QHCT cross-domain comparison

0.5 A

0.4

0.3

JSD

0.2 1

Figure 13. Cross-domain comparison of information coherence. The Jensen-Shannon distance (JSD) increases system-
atically from cosmological (CMB) to physiological (HRV) and astrophysical (JWST) domains, consistent with the in-
creasing curvature of the JS geometry away from parsimonious model families.
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Figure 14. Planck TT: binned |Dl,| probability density (solid) versus ACDM (CAMB) prediction

(dashed).
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Figure 15. Planck EE: binned |D(,| probability density (solid) versus ACDM (CAMB) prediction

(dashed).

consistent with the notion that the accessible degrees of freedom—and hence the
informational curvature—increase as one moves from globally constrained to lo-
cally complex regimes. The geometric interpretation provided by Theorems 1, 2,

3, and 4 offers a principled account of this empirical hierarchy.

5.1. Spectral Coherence in the CMB Domain

The Planck TT and EE spectra lie extremely close to their optimal envelopes, with
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Figure 16. Planck TE: binned |D,| probability density (solid) versus ACDM (CAMB) prediction

(dashed).

Table 7. Cross-domain Jensen-Shannon distances summarizing informational coherence
across scales, including ACDM baseline fits. Planck |D(| spectra are compared both in-
ternally (TT, EE, TE) and against theoretical CAMB predictions, alongside HRV and JWST

datasets. Reported JSD values quantify residual information distances between empirical
and modeled distributions.

Domain Dataset Model JSD
CMB TT smooth o =1.00 0.015
CMB EE smooth o =1.00 0.030
CMB TE smooth o =1.00 0.118
CMB Planck vs ACDM (TT) CAMB best-fit 0.004
CMB Planck vs ACDM (EE) CAMB best-fit 0.018
CMB Planck vs ACDM (TE) CAMB best-fit 0.031
HRV Fantasia f1y01 2G mixture 0.453
HRV Fantasia f1y01 3G mixture 0.457
JWST NIRSpec JADES Prism vs. Grating 0.751

JSD ~107 . Under the JS metric, such values place the empirical distributions
deep inside the coherence manifold M, (Qpyy.€) for small &. By Theorem 1,
points in this region lie on Jow-curvature shells. perturbations of the spectra in-
duce only minor local increases in JS curvature.

This aligns with the cosmological expectation that acoustic oscillations in the
early Universe are strongly constrained by nearly scale-invariant initial condi-

tions. The TE spectrum exhibits higher JSD values due to its sign structure; how-
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ever, once sign and magnitude are represented through a two-channel model, the
residual divergence is still in a low-curvature regime.

As an instructive comparison, empirical CMB densities were also evaluated
against best-fit ACDM (CAMB) predictions using identical multipole grids. The
resulting JS distances (107 - 1072) confirm that the empirical spectra remain close
to the theoretical submanifold defined by cosmological models, reinforcing the

view that the acoustic structure is highly compressible.

5.2. Intermediate Coherence in Physiological HRV Signals

HRYV spectra occupy an intermediate region of the JS geometry: JSD = 0.08 - 0.3,
depending on stationarity and arrhythmia burden. According to Theorem 3, their
optimal projections onto constrained mixture families ( O, ) provide unique par-
simonious summaries. Bootstrap analysis confirms the stability of these projections.

The difference between Fantasia and MIT-BIH spectra reflects differences in
both local variability and regulatory complexity. In JS curvature terms, Fantasia
lies closer to a low-curvature shell, while arrhythmic signals populate higher-cur-

vature regions where small perturbations produce larger divergence.

5.3. Low Coherence in High-Resolution JWST Spectra

NIRSpec prism-grating comparisons yield JSD = 0.7, approaching the JS bound
\/@ . By Theorem 4, this value corresponds to maximal differentiation permit-
ted by the JS geometry. Empirically this reflects:
o fine-grained, high-resolution features,
e line-emission variability across wavelength bins,
o differences in instrumental response across observational modes.

Such spectra occupy high-curvature regions, where the informational structure

cannot be captured by low-dimensional families without significant loss.

5.4. Interpretive Synthesis

Taken together, the results exhibit a systematic coherence-curvature hierarchy:

CMB - HRV - JWST
= = —
high coherence,low curvature intermediate coherence low coherence, high curvature

This pattern can be understood geometrically: spectra governed by global con-
straints (e.g., early-Universe acoustic physics) lie on low-curvature JS shells close
to parsimonious models; systems combining global structure with local fluctua-
tions (HRV) occupy intermediate regions; and high-resolution, locally complex
spectra (JWST) reside on high-curvature shells near the JS geometric bound. This
interpretation does not hinge on specific dynamical assumptions; it is a property
of the geometry induced by the JS divergence and the empirical compressibility of

the data themselves.

5.5. Informational Distinguishability and Temporal Asymmetry

Although the present analysis is static, the JS geometry naturally induces a notion
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of informational directionality. If a sequence of empirical distributions { D, } sat-

isfies

JSD(pt,le) >0 forallt¢,

then the minimal information-theoretic trajectory compatible with these incre-
ments defines a preferred ordering. In this sense, temporal asymmetry corre-
sponds to monotonic growth in informational distinguishability, rather than to
dynamical irreversibility. This interpretation is epistemic: it concerns our minimal
descriptive updates over time, not the underlying physical processes. Future work
extending the present framework to dynamical flows in JS space may provide a

quantitative bridge between informational curvature and operational time.

6. Epistemological Reflections

From a broader epistemological perspective, the present proposal sits at the inter-
section of several traditions in the foundations of physics and the philosophy of
mind. On the physical side, holographic and thermodynamic approaches to
spacetime [1]-[3] [12]-[19] suggest that information and entropy are not merely
descriptive tools but structural features of gravitational dynamics.

On the cognitive and neurobiological side, theories of global broadcasting and
recurrent integration [20] [21], and frameworks based on predictive processing
and free-energy minimization [22] [23], converge on a view of cognition as an
organized informational process rather than a simple byproduct of local neural
mechanisms.

Quantum-inspired and holographic perspectives on brain function and experi-
ence [24]-[29] further motivate the search for unifying informational principles
that could, at least in principle, constrain both physical dynamics and cognitive
organization.

The information-geometric framework developed in this work raises a number
of epistemological questions concerning the status of coherence, parsimony, and
model adequacy in scientific inference. Because the framework does not posit new
physical mechanisms, but instead imposes a metric structure on the space of em-

pirical distributions, the interpretive role of the results requires clarification.

6.1. Coherence as an Empirical but Non-Dynamical Notion

The JS metric provides a bounded measure of distinguishability between an em-
pirical spectrum p and a parsimonious model family Q. Low values of

dys, (p,Q) indicate that a compact representation captures the informational
structure of the data, but this does not imply that the underlying physical system
is itself governed by low-dimensional dynamics. Rather, coherence in this sense is
an epistemic property: it measures how much information is needed to describe
the observed distribution relative to a given baseline model. The empirical hierar-
chy (CMB « HRV « JWST) therefore reflects differences in compressibility, not

differences in fundamental physical laws.
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6.2. Parsimony and the Geometry of Explanation

The projection theorem established with Theorem 3 shows that each empirical
spectrum admits a unique JS-closest representation within a parsimonious model
family Q. This supports an interpretation of parsimony that is geometric rather
than ontological: the “best” explanation is the one that minimizes informational
distance within a bounded metric space. Coherence is therefore not a metaphysi-
cal claim about simplicity in nature, but a structural property of the explanatory

manifold to which the data are projected.

6.3. Curvature, Complexity, and the Interpretation of
Decoherence

The curvature analysis introduced in Theorem 1 emphasizes that as one moves
away from a parsimonious model family, the local sensitivity of the JS geometry
increases. High-curvature regions correspond to rapidly differentiating distribu-
tions, which we identify with empirical “decoherence.” This notion does not rely
on quantum mechanical decoherence nor on environmental interactions; it is a
mathematically defined property of the informational geometry. The fact that em-
pirical spectra occupy low-, intermediate-, and high-curvature shells provides an
epistemic classification of complexity that is independent of domain-specific

physics.

6.4. Limits of Inference within a Bounded Geometry

The boundedness theorem (Theorem 4) implies that there exists a strict upper
limit to informational differentiation in JS space. This bound is epistemic: it con-
strains what can be inferred from any empirical distribution expressed as a prob-
ability density.

The JWST spectra lying close to this bound illustrate that highly resolved meas-
urements can exhaust the representational capacity of a bounded information
metric.

Consequently, the framework provides a way to differentiate between complex-
ity arising from intrinsic physical processes and complexity arising from increased

observational resolution.

6.5. Informational Geometry as a Non-Reductive Bridge

The present results suggest that information geometry offers a non-reductive
bridge between domains by characterizing structure through a common metric
rather than through shared dynamics. The coherence ordering found here does
not claim a unified physical origin for cosmological, physiological, and astrophys-
ical phenomena. Instead, it identifies a cross-domain regularity in how empirical
information is organized relative to simple representations. In this sense, the
framework operates at a meta-theoretical level: it characterizes the form of empir-
ical structure without reducing it to a single physical process.

Taken together, these considerations position the framework not as a new phys-
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ical theory but as an epistemic tool for understanding how structured information
manifests across scientific domains. Its value lies in providing a common geomet-
ric language for comparing coherence, complexity, and parsimony in empirical
data, while remaining agnostic about the underlying physical mechanisms that

generate them.

7. O0utlook

Several directions emerge naturally from the information-geometric framework
established here.

7.1. Dynamical Extensions

The present analysis is static, focusing on spectral distributions. Extending the JS
geometry to time-evolving densities could yield a notion of informational geodes-

ics or curvature flow, providing a structural account of temporal differentiation.

7.2. Generalized Entropy Bounds

Since JS divergence is bounded, it may serve as a proxy for effective entropy ca-
pacity in systems where holographic arguments are inapplicable. Exploring rela-
tions between JSD curvature and generalized entropies could clarify the connec-

tion between information capacity and empirical structure.

7.3. Dimensional and Structural Inference

Differences in curvature regimes across domains suggest that informational ge-
ometry might provide empirical signatures of effective dimensionality or interac-
tion structure. A systematic analysis could test whether informational curvature

correlates with physical complexity or with the presence of long-range constraints.

7.4. Conceptual Implications

More broadly, the results motivate a structuralist perspective in which informa-
tional geometry constrains possible empirical patterns prior to the specification
of dynamical laws. This view is compatible with several contemporary approaches
in the foundations of physics that emphasize form, symmetry, and informational

capacity as primitive elements of physical theory.

8. Conclusions

This work analyzed empirical spectra from cosmology, physiology, and astrophys-
ics using a unified information-geometric framework based on the Jensen-Shan-
non distance. By treating each spectrum as a normalized probability distribution
and comparing it to parsimonious reference models, we established a coherent
metric structure in which coherence, curvature, and differentiation can be com-
pared across domains.

Three conclusions follow. First, CMB spectra lie in a low-curvature neighbour-

hood of the coherence manifold, exhibiting high compressibility and strong struc-
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tural constraints. Second, HRV spectra occupy an intermediate region balancing
regularity and variability, with bootstrap results confirming the parsimony pro-
jection predicted by the theory. Third, JWST spectra approach the JS upper
bound, indicating maximal differentiation and high informational curvature.
The resulting gradient,
JSD g < ISDjrv < ISD jysr»

spanning nearly two orders of magnitude, reveals a structural pattern independent
of domain-specific dynamics and consistent with the geometric results established
in Section 3.

More broadly, these findings suggest that informational geometry provides a
structural layer of explanation that is logically prior to dynamics: it constrains the
space of admissible empirical patterns before any physical mechanism is specified.
The scope of the present framework is therefore explicitly epistemic. The geomet-
ric structures identified here organize empirical regularities at the level of repre-
sentation, without entailing claims about the intrinsic nature of physical systems.
While the JS metric offers a powerful way of comparing coherence and complexity
across domains, it does not purport to describe fundamental physical laws. In-
stead, it functions as a tool for structuring and comparing empirical distributions
within a common bounded geometry.

This positions the Jensen-Shannon metric not merely as a tool for data com-
parison but as a candidate ingredient for the conceptual foundations of physical

theory.
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CMB Cosmic Microwave Background
HRV Heart Rate Variability
KL Kullback-Leibler Divergence
JS Jensen-Shannon Divergence
JSD Jensen-Shannon Distance
VLF/LF/HF Very-Low/Low/High Frequency Bands
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