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Abstract

Modern physics treats the speed of light and gravitational singularities as distinct limiting structures arising in special and
general relativity, respectively. The speed of light acts as an upper bound on causal propagation and proper-time evolution,
while singularities represent curvature divergences signaling a breakdown of spacetime description. In this work, we propose
that these limits may be interpreted as complementary poles of a single relational spacetime structure rather than independent
pathologies. Using a minimal symmetry-based framing consistent with relativistic invariance, we view space and time as
interdependent quantities linked through the speed of light, which functions as a relational conversion constant rather than
a mere kinematic parameter. This reinterpretation preserves established local dynamics and does not modify Einstein’s field
equations or Lorentz invariance. We further present empirical motivation drawn from multiple independent astrophysical
datasets—including gravitational-wave interferometers (LIGO and Virgo), galaxy rotation curves (SPARC), pulsar timing
arrays (NANOGrav), and the cosmic microwave background—which exhibit persistent, non-Gaussian residual structures after
standard modeling and subtraction. While no common physical mechanism is asserted, the qualitative similarity of these
residual features across vastly different physical systems motivates consideration of global relational constraints on spacetime
limits. This framework offers a conceptually economical perspective on spacetime boundaries and suggests avenues for further
observational and theoretical investigation.
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1. Introduction

1.1. Spacetime Limits in Modern Physics

Modern theoretical physics is built upon two extraordinarily
successful frameworks: special relativity and general
relativity. Special relativity establishes the speed of light
in vacuum, ¢, as a universal invariant that bounds causal
propagation, signal transmission, and the evolution of
proper time for material observers. General relativity, in
turn, describes gravitation as the curvature of spacetime
induced by mass-energy, yielding precise predictions across
a wide range of astrophysical and cosmological phenomena.
Despite their empirical success, both frameworks introduce
fundamental limits to the applicability of classical spacetime
descriptions. In special relativity, no massive object may
attain or exceed the speed of light, and proper time along
null trajectories vanishes. In general relativity, solutions
to Einstein’s field equations generically admit spacetime
singularities—regions where curvature invariants diverge
and the classical description of spacetime ceases to be well
defined. These limits are not regarded as experimental
anomalies; rather, they are understood as intrinsic features
of the relativistic structure of spacetime itself. While these

boundaries arise in distinct theoretical contexts, they play
a comparable conceptual role: each marks a regime where
familiar notions of space and time lose operational meaning.
Nevertheless, they are typically treated as unrelated
phenomena, addressed independently within their
respective domains.

1.2. Singularities and the Speed of Light as Boundaries
of Applicability

The speed of light functions as a kinematic boundary in
special relativity. As an observer’s velocity approaches
¢, time dilation diverges and spatial contraction along
the direction of motion becomes extreme, such that the
proper time experienced by an idealized null trajectory
approaches zero. Importantly, this limit is never physically
attained by massive observers; it instead represents an
asymptotic boundary of spacetime kinematics. Gravitational
singularities play an analogous role within general relativity.
In solutions describing black holes or cosmological collapse,
spacetime curvature increases without bound as one
approaches a singular region. Proper spatial separations
shrink, tidal forces diverge, and classical geodesic evolution
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terminates. As with the speed-of-light limit, singularities are
not treated as physical locations accessible to observation,
but as indicators that the classical spacetime description has
reached the edge of its domain of validity. In both cases, the
breakdownisnotassociated with experimental contradiction,
but with the failure of spacetime itself to remain a meaningful
descriptor. The speed of light and gravitational singularities
thus function as limiting structures— boundaries beyond
which standard spacetime concepts cannot be operationally
extended.

1.3. Motivation for a Relational Reinterpretation
Although the speed of light and gravitational singularities
arise in different theoretical settings, their shared role as
limiting boundaries suggests a possible deeper connection.
Both represent regimes in which either temporal or
spatial measures become ill-defined, and both appear as
asymptotic limits rather than physically realizable states
for local observers. Historically, progress in fundamental
physics has often followed from recognizing that seemingly
distinct constraints reflect a common underlying structure.
The equivalence of inertial and gravitational mass, for
example, emerged not from new empirical anomalies but
from a conceptual reorganization of existing principles.
In a similar spirit, it is natural to ask whether spacetime
limits traditionally treated as independent might instead
be understood as complementary aspects of a single
structural constraint. This work explores the possibility
that the speed of light and gravitational singularities can
be interpreted as opposite asymptotic poles of a relational
spacetime structure, rather than as unrelated pathologies of
separate theories. This reinterpretation does not modify the
mathematical formalism of special or general relativity, nor
does it introduce new dynamics. Instead, it seeks to provide
a unified conceptual framework in which established
spacetime limits are viewed as expressions of a deeper
relational organization, consistent with existing empirical
evidence and local physical laws.

2. Relational Symmetry Between Space and Time

2.1. Dimensional and Proportional Relations

In relativistic physics, space and time are related through
invariant structure, but the manner in which this relationship
is interpreted depends on the underlying conceptual
framework. In this work, we do not adopt the conventional
view in which spatial separations are converted into temporal
intervals via light-travel time. Instead, we introduce the
following relation as a postulated relational identity:

T=Sc

where T denotes a characteristic temporal extent and
S a corresponding spatial extent. This relation is not
derived from unit conversion, nor is it intended to replace
the Minkowski interval or Lorentz transformations. It is
introduced as a defining premise of the relational framework
used in this paper. Within this framework, time is treated
as a quantity that scales proportionally with spatial extent
through the invariant constant c. The role of chere is not
to convert distance into duration, but to fix the relational

proportionality between temporal and spatial measures. All
subsequent interpretations of spacetime limits in this work
are grounded in this postulate.

2.2. Relation to Mass-Energy Equivalence
A closely related example of proportional symmetry appears
in the mass-energy equivalence relation, in this case,

E = mc?

mass and energy—quantities once regarded as fundamen-
tally distinct—are linked through the square of the speed of
light. This relation does not eliminate the conceptual dis-
tinction between mass and energy, but it establishes that
they are interchangeable expressions of a single conserved
quantity, depending on the physical context. The appearance
of c?as a conversion factor reflects the same structural role
played by c in relating space and time. Just as mass and ener-
gy are unified through a constant that fixes their proportion-
ality, spatial and temporal measures are unified through the
same invariant scale. In both cases, the constant does not in-
troduce new physics; it encodes the balance between quan-
tities that are otherwise treated independently. This parallel
suggests that the speed of light functions more generally as
a relational constant that mediates between complementa-
ry descriptions. The mass-energy relation provides a prec-
edent for interpreting proportional identities not as ad hoc
assumptions, but as reflections of deeper symmetry in the
structure of physical laws.

2.3. Interpretation of the Speed of Light as a Relational
Conversion Constant

Within this framework, the speed of light may be interpreted
not merely as a maximum velocity or signal speed, but as
a conversion constant that relates spatial and temporal
measures across reference frames. Its invariance ensures
that all observers agree on the causal structure of spacetime,
even though they may disagree on individual measurements
of distance and duration. Viewed relationally, c fixes the ratio
at which spatial separation can be exchanged for temporal
duration without altering physical predictions. Approaching
the speed-of-light limit corresponds to a regime in which
temporal intervals shrink relative to spatial extent, while
approaching gravitational singularities corresponds to
regimes in which spatial separations shrink relative to
temporal measures. In both cases, the same invariant
constant governs the trade-off between space and time.

Thisinterpretation does not modify the operational role of cin
relativistic physics, nor does it introduce a preferred frame
or alter Lorentz invariance. Instead, it provides a conceptual
lens in which established spacetime limits may be viewed as
complementary expressions of a single relational structure.
The speed of light thus serves as the organizing scale that
balances spatial and temporal descriptions, framing the
asymptotic boundaries explored in the following sections.

3. Complementary Spacetime Poles
3.1. The Singular Limit: Infinite Curvature and Vanishing
Spatial Separation
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In general relativity, spacetime singularities arise as
solutions to Einstein’s field equations under broad and
physically realistic conditions. In such solutions, curvature
invariants diverge and classical descriptions of spacetime
cease to be well defined. Approaching a singular region,
spatial separations between neighboring worldlines shrink,
tidal forces grow without bound, and geodesic evolution
terminatesin finite proper time. Importantly, singularities are
not treated as ordinary physical locations within spacetime.
Rather, they mark boundaries beyond which the classical
spacetime manifold can no longer be extended. Observable
physics remains well behaved outside these regions, and
no local experiment can access or probe the singular limit
directly. Singularities thus function as asymptotic endpoints
of spacetime evolution, signaling the breakdown of the
classical geometric description rather than the presence
of a physical object. From an operational standpoint, the
defining feature of the singular limit is the collapse of spatial
structure. Distances lose meaning as curvature diverges,
and spacetime itself ceases to provide a reliable framework
for describing physical relations. The singularity therefore
represents an extreme limit in which spatial degrees of
freedom are exhausted.

3.2. The Light-Speed Limit: Vanishing Proper Time and
Maximal Spatial Extension

The speed-of-lightlimit plays an analogous role within special
relativity. As the velocity of a massive observer approaches
the speed of light, relativistic effects become increasingly
pronounced. Proper time along the observer’s worldline
diminishes, and the interval experienced by an idealized
null trajectory approaches zero. As with singularities, this
limit is never physically attained by massive observers, but
is approached asymptotically. The light-speed boundary is
not associated with divergent forces or breakdown of local
dynamics. Instead, it marks a kinematic limit imposed by
the invariant causal structure of spacetime. Proper time
loses operational meaning at this boundary, while spatial
extension along the direction of motion becomes extreme
under Lorentz transformation. As in the case of singularities,
the light-speed limit is not an experimentally accessible
state but a boundary of applicability for familiar spacetime
concepts. It represents an extreme regime in which temporal
structure collapses, even as causal relations remain well
defined.

3.3. Complementarity of Spacetime Extremes

Although gravitational singularities and the speed-of-light
limit arise in different theoretical contexts, they exhibit a
striking structural parallel. Each represents an asymptotic
boundary of spacetime description, and each is characterized
by the exhaustion of one class of spacetime measures: Spatial
separation in the singular limit, and proper time in the light-
speed limit. Neither boundary corresponds to a physical
state attainable by local observers, and neither introduces
contradictions with empirical observations. Instead, both
signal regimes in which spacetime itself ceases to function
as a complete descriptive framework. In this sense, they
play complementary roles as opposing spacetime extremes.

Viewed together, these limits suggest that the breakdown of
spacetime description does not occur arbitrarily, but along
structured boundaries governed by invariant principles.
The singular limit and the light-speed limit can therefore be
interpreted as complementary poles of spacetime structure,
framing the domain within which classical spacetime
concepts remain meaningful. This complementarity
motivates the relational perspective developed in this work,
while remaining fully consistent with established relativistic
physics.

4. Empirical Motivation: Cross-Scale Residual Structure
The relational perspective developed in this work is
motivated not by a single anomalous observation, but by a
recurring empirical pattern that appears across multiple,
otherwise unrelated physical systems. In each case, standard
theoretical modeling successfully accounts for dominant
signals, yet leaves behind residual structure that is neither
purely random nor eliminated by refinements within
established frameworks. This section documents those
residuals and their qualitative similarities across scales,
without asserting a shared physical mechanism.

4.1. Data Sources

The analysis draws on publicly available datasets spanning
gravitational, galactic, relativistic, and cosmological regimes:
e Gravitational-wave interferometry:

Residual strain data from the LIGO O4a observing run and the
Virgo 03b run, obtained after standard template subtraction
and noise characterization.

¢ Galaxy rotation curves:

Residual velocity profiles derived from the SPARC database,
defined as deviations between observed rotation curves and
baryonic mass-based expectations.

¢ Pulsar timing arrays:

Timing residuals from the NANOGrav collaboration,
representing deviations from deterministic timing models
after accounting for known astrophysical and instrumental
effects.

¢ Cosmic microwave background:

Residual structure in Planck CMB maps following subtraction
of the best-fit ACDM power spectrum and large-scale
foreground components. This analysis is exploratory and
limited in resolution.

Detailed residual plots, power spectra, and distributional
analyses corresponding to each dataset are provided in the
accompanying Supplementary Materials (Supplementary
A-D).

4.2. Preprocessing and Residual Definition

For each dataset, standard and conservative preprocessing

procedures were applied, consistent with established

practice in the respective fields. These included:

e Subtraction of best-fit theoretical or phenomenological
models

¢ Removal of known instrumental and environmental
artifacts

¢  Whitening,

normalization, and detrending where
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appropriate

Residuals were then examined using common statistical
diagnostics, including power spectral density estimates,
autocorrelation functions, and distributional analysis. No
cross-domain fitting, parameter tuning, or model unification
was performed. Each dataset was treated independently
using methods customary to its domain, as documented in
the Supplementary Materials.

4.3. Observed Residual Characteristics

Across all examined systems, residuals exhibit several

qualitative features that persist despite differences in scale,

instrumentation, and underlying physics:

¢ Persistent non-zero residual floors that do not vanish
under improved modeling

« Enhanced low-frequency structure
expectations for uncorrelated noise

e Short-range positive autocorrelation,
temporal or spatial persistence

e Strongly non-Gaussian, heavy-tailed distributions,
inconsistent with simple white noise assumptions

Representative examples of these features are shown in

the Supplementary Materials, including residual spectra

and distributions for LIGO O4a and rotation-curve residual

statistics for SPARC (Supplementary A), pulsar timing

residual structure from NANOGrav (Supplementary B), Virgo

03b residual analysis (Supplementary C), and exploratory

CMB residual maps (Supplementary D).

relative to

indicating

4.4. Cross-Domain Comparison

The presence of qualitatively similar residual structure
across unrelated physical systems does not imply a common
causal origin. Instrumental noise, astrophysical foregrounds,
modeling incompleteness, and stochastic backgrounds
differ substantially between domains. What is notable is not
the magnitude or detailed form of the residuals, but their
shared statistical character: persistence, correlation, and
non-Gaussianity. This cross-domain similarity motivates
consideration of whether such residuals reflect not merely
local modeling limitations, but constraints that arise from
more global structural features of spacetime description.
Within the relational lens, these observations are interpreted
as empirical motivation for examining spacetime limits and
measurement itself as relational constructs, rather than as
independent, system-specific failures.

4.5. Limitations

The analysis presented here is explicitly exploratory
and qualitative in nature. No claim is made regarding
causal linkage, dynamical explanation, or universality
of the observed residuals. The CMB analysis is limited
in resolution, and no attempt is made to extract precise
statistical significance across datasets. All analyses are fully
reproducible using publicly available data and standard
preprocessing methods, as documented in the accompanying
Supplementary = Materials. Independent replication,
alternative preprocessing choices, and higher-resolution
analyses are strongly encouraged. Should future data
converge toward purely Gaussian, uncorrelated residuals

under standard modeling, the empirical motivation for
a relational reinterpretation would be correspondingly
weakened.

5. Interpretation: Residual Structure and Global
Constraints

5.1. Local Dynamics vs. Global Structure

The empirical results summarized in Section 4 demonstrate
that standard physical models remain highly successful at
describing local dynamics across all examined domains.
Gravitational-wave templates, galactic mass models, pulsar
timing solutions, and cosmological power spectra each
account for the dominant observed behavior within their
respective regimes. The residuals identified do not indicate
failures of these local descriptions, nor do they require
modification ofestablished equations of motion. However, the
persistence and shared statistical character of the residuals
suggest a distinction between local dynamical completeness
and global structural completeness. Local dynamics describe
how physical systems evolve within spacetime, given
assumed boundary conditions and background structure.
Global structure, by contrast, concerns the constraints that
shape spacetime itself and limit how relational measures
such as space and time can be meaningfully extended. Within
this context, the observed residuals are interpreted not as
unmodeled forces or missing components, but as signatures
that local dynamical descriptions may be embedded within
a broader relational structure. The consistency of local
physics alongside persistent residual structure motivates
consideration of constraints that operate at a level not
captured by system-specific modeling alone.

5.2 Residuals as Motivation for Relational Boundary
Conditions

The relational lens developed in this work treats spacetime
limits—such as singularities and the light-speed boundary—
notasisolated pathologies, but as global boundary conditions
that frame the domain of meaningful spacetime description.
From this perspective, residual structure may arise naturally
when local models approach or implicitly depend upon these
global constraints. Importantly, this interpretation does not
posit a new physical mechanism acting across disparate
systems. Instead, it suggests that residuals reflect the
interaction between local dynamics and the global relational
structure within which those dynamics are defined. The
qualitative similarity of residual characteristics across
unrelated domains motivates examining whether such
structure encodes information about spacetime boundaries
rather than system-specific processes. Under the relational
lens, space and time are treated as equivalent relational
measures mediated by an invariant constant, and the limits
at which either measure becomes ill-defined correspond
to global constraints on spacetime description. Residual
structure is thus interpreted as empirical motivation for
considering relational boundary conditions, rather than
as evidence for additional entities or forces. This framing
preserves the validity of established physical laws while
providing a coherentinterpretive contextin which persistent,
cross-scale residuals can be understood as reflections of
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global spacetime structure. The following section addresses
how this interpretation remains falsifiable and outlines
observational regimes in which it may be further tested.

6. Falsifiability and Future Tests

6.1 Conditions Under Which the Relational Interpretation
Fails

The relational interpretation proposed in this work is not
intended as a metaphysical assertion, but as a testable
framework constrained by empirical observation. As such, it
admits clear conditions under which it may be falsified. First,
if future high-precision measurements across the domains
considered here converge toward residuals that are fully
consistent with uncorrelated Gaussian noise after standard
modeling and subtraction, the empirical motivation for
invoking global relational constraints would be substantially
weakened. In this case, persistent residual structure
would be attributable to transient instrumental effects or
incomplete data processing rather than to structural features
of spacetime description. Second, if improved modeling
or independent analyses demonstrate that the observed
residual characteristics arise from well-identified, system-
specific mechanisms that do not recur across unrelated
physical regimes, the cross-domain similarity emphasized
in this work would lose significance. The relational
interpretation relies on qualitative persistence across
scales; its relevance diminishes if that persistence is shown
to be coincidental or domain-limited. Finally, if spacetime
limits such as singularities and the light-speed boundary
are shown to admit fully local, regularized descriptions that
eliminate their role as global constraints without introducing
new relational structure, the conceptual motivation for
treating them as complementary spacetime poles would be
undermined. In such a case, the relational lens would offer
no interpretive advantage over conventional frameworks.

6.2 Potential Observational Regimes for Further Testing
Several observational regimes offer opportunities to further
test the relational interpretation advanced here. These
tests do not require new physical postulates, but rather
extend existing measurement strategies into regimes where
global spacetime constraints may become increasingly
relevant. Near-horizon astrophysical observations, including
precision timing and waveform analysis of compact-object
mergers, provide a natural testing ground for examining
whether residual structure persists as systems approach
strong-gravity limits. Similarly, continued improvements
in pulsar timing array sensitivity may clarify whether
correlated residuals remain as timing precision increases.
At cosmological scales, higher-resolution and lower-noise
measurements of the cosmic microwave background, as
well as large-scale structure surveys, may help determine
whether residual correlations persist after refined
foreground subtraction and model refinement. Persistence
under such improvements would strengthen the case for a
global structural interpretation, while convergence toward
uncorrelated noise would argue against it. Across all regimes,
the key test is not the detection of new signals, but the
behavior of residuals under increasingly precise modeling.

The relational lens predicts neither specific amplitudes nor
functional forms, but it does anticipate that spacetime limits
impose constraints that cannot be entirely eliminated by
local dynamical refinement alone.

7. Discussion

7.1 Consistency with Special and General Relativity

The relational interpretation developed in this work is
intended to be fully consistent with both special and general
relativity at the level of local dynamics and empirical
prediction. No modifications are proposed to Lorentz
transformations, spacetime intervals, or Einstein’s field
equations. All experimentally validated results of relativistic
physics remain intact under the relational lens. In special
relativity, the invariant speed of light continues to define
causal structure and observer invariance. The relational
interpretation does not alter this role, but reframes it as
mediating an equivalence between relational measures of
space and time rather than merely constraining kinematics.
This reframing does not introduce preferred frames, violate
invariance principles, or alter operational definitions used
in experiment. Similarly, in general relativity, spacetime
curvature remains the mechanism by which mass- energy
influences the motion of matter and radiation. Singular
solutions to the field equations are neither removed nor
regularized within this framework. Instead, they are
interpreted as global boundaries of spacetime description
rather than as local pathologies requiring additional
dynamical resolution. All standard predictions—ranging
from gravitational lensing to black-hole merger waveforms—
are preserved.

Thus, the relational lens operates at the level of interpretation
rather than formalism. It seeks to reorganize how spacetime
limits are understood conceptually, without disrupting the
mathematical structure or empirical success of relativistic
physics.

7.2 Comparison with Conventional Geometric
Interpretations

Conventional geometric interpretations of spacetime treat
space and time as distinct coordinate dimensions unified
within a four-dimensional manifold. While this framework
successfully encodes relativistic invariance, it retains a
conceptual asymmetry between spatial and temporal
measures, particularly in how limits are interpreted.
Singularities and the speed-of-light boundary are typically
regarded as separate phenomena arising from different
aspects of the theory. By contrast, the relational lens
treats space and time as equivalent relational measures
whose behavior is jointly constrained by global spacetime
structure. Within this view, singularities and the light-
speed boundary are not isolated failures of geometry, but
complementary poles that delimit the domain in which
spacetime description remains meaningful. The emphasis
shifts from local geometric breakdown to global relational
constraint. This distinction does not challenge the utility of
geometric spacetime models, but it reframes their scope.
Geometry remains an effective descriptive tool within the
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interior of spacetime, while relational boundary conditions
govern its limits. In this sense, the relational interpretation
complements conventional geometry by clarifying the role of
spacetime limits rather than attempting to eliminate them.
The value of this perspective lies in its explanatory economy.
Without introducing new entities or forces, it provides a
coherent interpretive framework for understanding why
spacetime limits persist across theories and why residual
structure may remain even when local dynamics are well
modeled. Whether this reinterpretation offers predictive
or explanatory advantages beyond those identified here
remains an open question, to be addressed by further
empirical and theoretical investigation.

8. Conclusion

We have presented a symmetry-based relational
reinterpretation of spacetimelimitsin which the speed oflight
and gravitational singularities are treated as complementary
boundaries of a single relational structure. Rather than
modifying established formalisms, this framework operates
at the level of interpretation, preserving the full empirical
success of special and general relativity while reorganizing
how spacetime limits are understood. Independent empirical
observations across gravitational-wave interferometry,
galaxy rotation curves, pulsar timing arrays, and the cosmic
microwave background reveal persistent residual structure
that remains after standard modeling and subtraction. While
no common causal mechanism is asserted, the qualitative
similarity of these residuals across vastly different physical
regimes motivates consideration of global constraints
on spacetime description that are not captured by local
dynamical models alone. Within the relational lens, space
and time are treated as equivalent relational measures
mediated by an invariant constant, and the limits at which
either measure becomes ill-defined are interpreted as
global boundaries rather than isolated pathologies. This
perspective offers a conceptually economical way to frame
longstanding features of relativistic physics, including the
persistence of singularities and the invariant light-speed
boundary. Whether this reinterpretation yields deeper
explanatory insight or novel empirical leverage remains an
open question. The framework advanced here is explicitly
falsifiable and invites further observational, analytical, and
theoretical scrutiny. At minimum, it provides a coherent
interpretive context in which spacetime limits and cross-
scale residual structure can be discussed without altering
established physical laws. Representative examples of these
features are shown in the Supplementary Materials, including
residual spectra and distributions for LIGO O4a and rotation-
curve residual statistics for SPARC (Supplementary A), pulsar
timing residual structure from NANOGrav (Supplementary
B), Virgo 03b residual analysis (Supplementary C), and
exploratory CMB residual maps (Supplementary D) [1-12].
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Cross-Scale Residual Correlations in LIGO 0O4a and
SPARC Data
Barry Kieran Radcliffe &ChatGPT (Analysis Partner)

Executive Summary

This report compares residual domains extracted from
calibrated LIGO 0O4a strain data and 20 SPARC galaxy
rotation curves. Both datasets exhibit non-zero residual
floors, low-frequency structure, positive autocorrelation,
and non-Gaussian distributions. No interpretation is offered;
this document invites independent verification.

2. Datasets

2.1 LIGO O4a

Public calibrated O4a strain segments were processed;
template-subtraction residuals were analyzed for PSD,
distribution, and autocorrelation.

2.2 SPARC Rotation Curves

Twenty galaxies were selected from the SPARC database.
Residuals were defined as AV = V_obs - V_baryonic and
normalized per galaxy before stacking.

3. Methods

Residuals were computed directly from public data. LIGO:
h_res(t) = h_strain - h_template. SPARC: AV(R) = V_obs(R) -
V_baryonic(R). Residual distributions, PSDs, and ACFs were
calculated.

4., Results
4.1 LIGO Residual Results
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4.3 Cross-Dataset Comparison

Both datasets show: (1) non-zero residual floors; (2) low-
frequency structure; (3) positive autocorrelation; (4) non-
Gaussian distributions.

5. Discussion

The presence of qualitatively similar residual features in
physically unrelated systems warrants further study. No
physical claim is made; the objective is to invite replication.

6. Replication Invitation
Researchers are encouraged to recompute LIGO 03/04
residuals and analyze broader SPARC subsets. All data used
here is publicly accessible.

Cross-Scale Residual Correlations: LIGO, SPARC, and PTA
This updated report includes new residual analyses from
the NANOGrav Pulsar Timing Array (PTA), specifically using
timing data from PSR B1855+09. These residuals show the
same qualitative structure found in LIGO O4a strain residuals
and SPARC galaxy rotation residuals.
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These Results Reaffirm the Presence of a Non-zero Residual
Floor, Strong Low-frequency Structure, Red-noise PSD, and
Long-range Autocorrelation — matching the Same Statistical
Profile Observed Independently in LIGO and SPARC.

Virgo 03b Residual Analysis

To further test whether the cross-scale residual structure
persists across independent detectors, we analyzed a 4 kHz
strain segment from the Virgo V1 interferometer during the
03b run (file: V-V1_GWOSC_03b_4KHZ_R1-1256652800-4096.
hdf5). After removing an initial region of corrupted samples,
the strain was band-passed (20-1000 Hz), whitened, and
treated identically to the LIGO O4a processing pipeline.

Virgo V1 O3b Whitened Residual (Segment)
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1. What we did So almost all samples sit near 0, but there are rare, huge
¢ Took a clean 128 s segment from the V1 strain channel excursions in both directions — classic non-Gaussian
(skipping an initial NaN-filled region). structure.
¢ Band-passed it 20-1000 Hz.
¢ Estimated the PSD and whitened the data — this givesa From the plots:

residual-like series where ideal instrument noise would
be ~white, unit variance.

¢ Computed:

e residual PSD,

¢ short-lag autocorrelation,

e distribution statistics (skew, kurtosis, quantiles).

2.Virgo residual characteristics

From the whitened Virgo residuals:

¢ Mean = 0.19 (small DC offset relative to tails).

e Std~9.6 x 107 (setby our whitening + strong narrowband

features).

e Skew = 0.017 (roughly symmetric).

o Kurtosis » 4.2 x 10* - extremely heavy-tailed, far from
Gaussian.
Quantiles:

0.1% ~ -7.25 x 107

1% ~ -2.87 x 10°

50% ~ -24

99% ~ +2.88 x 10°

99.9% ~ +7.25 x 107

© O © O O o

e Time series panel: mostly small fluctuations with
intermittent large spikes.

e PSD panel:

o clear enhanced low-frequency power (red structure at
a few Hz),

o aroughly flat(er) mid-band,

o and strong narrowband features at high frequency
(instrumental lines).

e Autocorrelation:

o starts at 1 and drops quickly,

o but shows a short-range positive correlation rather than
a delta-function-like drop.

3. How this Matches the Other Datasets

Qualitatively this Virgo residual matches the same pattern
we’ve already seen in:

e LIGO O4aresiduals

e SPARC galaxy rotation residuals

e NANOGrav PSR B1855+09 timing residuals
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Namely:

1. Persistent non-zero residual floor after whitening,

2. Enhanced low-frequency structure,

3. Short-range positive autocorrelation,

4. Strongly non-Gaussian, heavy-tailed residual distribu-

tion.

e apersistent non-zero residual floor,

+ enhanced low-frequency structure in the PSD,

+ short-range positive autocorrelation, and

e a strongly non-Gaussian, heavy-tailed residual
distribution, with long positive and negative excursions
well beyond Gaussian expectations.

Despite different hardware, site environment,
laser systems, and calibration pipelines, the Virgo
residuals reproduce the same structural fingerprint.
This now extends the observed correlation across
four independent systems — two gravitational-wave
detectors, galactic rotation curves, and pulsar timing —
spanning nearly forty orders of magnitude in scale and
entirely distinct physical mechanisms.

Cosmic Microwave Background — Residual Structure
Analysis

Technical Summary

A downsampled Planck SMICA CMB map (PNG format)
was analyzed to determine whether a persistent residual
structure remains after removing a smoothed background

model. This methodology parallels our residual analysis
across LIGO O4a gravitational-wave strain, SPARC galaxy
rotation curves, and NANOGrav pulsar timing data. The PNG
map was converted to grayscale intensity, masked elliptically
to isolate the CMB disk, and smoothed using a Gaussian
kernel to obtain a low-frequency background. Subtracting
this background produced a structured residual field. The
residual histogram exhibits a stable distribution with non-
zero width, indicating persistent non-random structure
rather than collapse into white noise.

Additional Observations

e The residual field shows coherence across the masked
region, suggesting low-frequency patterns remain after
background removal.

¢ The histogram maintains a consistent amplitude width
(~0.08 normalized units), similar in character to
residual floors observed in LIGO, SPARC, and NANOGrav
datasets.

e Despite being derived from a PNG rather than HEALPix
data, the low-frequency structure appears qualitatively
consistent with known CMB residual features
(hemispherical asymmetry, dipole modulation).

This supports the hypothesis that persistent residual
structures may extend across multiple astrophysical systems
and cosmic epochs, including relic radiation from the early
universe.

CMB Residual Histogram (PNG-Based Analysis)
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