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On January 14, 2025, the LIGO-Virgo-KAGRA (LVK) collaboration recorded GW250114, the

clearest gravitational wave signal in observational history[1]. With a network signal-to-

noise ratio approaching 80, this binary black hole merger provides the first multi-mode

black hole spectroscopy, the most stringent test of Hawking's area theorem to date, and a

Gpc-scale propagation baseline free from detectable dispersion. For Lava-Void Cosmology

(LVC), GW250114 constitutes a high-pressure empirical stress test of three core architectural

claims: (1) the Kerr-Lava equilibrium hypothesis—that black holes represent terminal fluid

states with no viscous substructure; (2) the Pure Medium conjecture for Voids—that cosmic

voids transmit gravitational radiation without refractive drag or mode mixing; and (3) the

Entropy Spine—that horizon area irreversibility mirrors global entropic expansion. This

document audits GW250114 against the LVC framework, establishes numerical boundary

conditions for future modifications, and integrates the event into the broader predictive

suite linking LISA phase twists, CMB damping, and late-time Lava spectroscopy.

Gravitational-wave astronomy entered a new precision regime on January 14, 2025, when

both LIGO interferometers simultaneously recorded a binary black hole merger at

luminosity distance  billion light-years with unprecedented clarity[1][2]. The

progenitor masses—approximately  and —placed the system squarely in

LIGO's optimal sensitivity band, and the near-overhead sky location relative to the

Hanford and Livingston detectors delivered a network SNR of 77–80, roughly 50% higher

than any previous confirmed detection[1][2].

Standard parameter estimation yielded a remnant black hole of mass  and

dimensionless spin , radiating approximately  in gravitational waves

during the final coalescence[2][3]. The post-merger ringdown was sufficiently loud and

long-lived that at least two, and effectively three, quasi-normal modes (QNMs) could be

resolved in the time-frequency decomposition—a first for ground-based detectors and the

defining achievement of black hole spectroscopy[3][4].

The GW250114 Audit and LVC Live Stress

Test

Abstract

Introduction: The Loudest Signal as a Falsification

Opportunity

Context and Significance



Lava-Void Cosmology interprets the universe as a viscous fluid partitioned into high-density

"Lava" nodes (galaxies, stars, black holes) and low-density "Voids" (cosmic voids,

intergalactic medium). Within this ontology, black holes are not exotic objects requiring

quantum-gravitational descriptions at macroscopic scales; they are the terminal

equilibrium states of baryonic fluid evolution under extreme compression and shear[5][6].

GW250114 offers the first opportunity to test this picture at the precision frontier across

three falsifiable dimensions:

1. Kerr-Lava Equilibrium: If mature Lava nodes are classical fluid fixed points, their

oscillation spectra should be exhausted by the Kerr geometry's normal modes, with

no residual signatures of viscous boundary layers, turbulent cascades, or shear-

driven substructure.

2. Void Transparency: If Voids constitute a "Pure Medium" for gravitational radiation

—entropically transparent channels with negligible dissipation or refraction—then

Gpc-scale propagation should introduce no frequency-dependent dispersion,

cumulative dephasing, or mode blurring.

3. Entropy Spine Monotonicity: If black hole horizon area serves as the microscopic

anchor for the global Second Law, then dynamical mergers must preserve strict area

increase even in radiative, spinning configurations, providing a numerical

calibration point for any LVC-motivated modifications to near-horizon physics.

GW250114 could have falsified any of these claims. It did not. This document records the

audit.

The defining technical achievement of GW250114 is the extraction of at least three

independent quasi-normal modes from the post-merger ringdown[3][4]. In the classical

picture, a perturbed Kerr black hole oscillates according to a discrete spectrum indexed by

angular harmonic numbers  and overtone index , each mode characterized by a

complex frequency  where  sets the oscillation period and  the

damping time[4]. Prior detections typically resolved only the fundamental

 mode; GW250114's high SNR and favorable mass-spin configuration

allowed independent measurement of the  overtone and contributions from the

 mode[3][4].

The measured frequencies and damping times agree with Kerr predictions to within

 across all resolved modes, with residuals consistent with statistical uncertainty

and systematic effects in waveform modeling[3][4]. Critically, no additional spectral

features—indicative of echoes, late-time power-law tails, or anomalous mode coupling—

were detected above the noise floor[3].
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In the Unified Fluid Paradigm, the inspiral-merger-ringdown sequence represents a phase

transition from two distinct Lava nodes (each maintaining internal quasi-equilibrium via

relativistic shear balance) to a single, axisymmetric equilibrium configuration[5][6]. The

ringdown phase probes whether this final state retains memory of the turbulent,

anisotropic dynamics during merger—for instance, through residual vorticity gradients,

viscous boundary layers near the horizon, or nonlinear mode interactions characteristic of

incompressible fluids far from equilibrium.

The spectroscopic purity of GW250114 enforces a stringent upper bound on any such

departures. To the precision afforded by an SNR  ringdown (corresponding to

fractional amplitude uncertainties  in the dominant modes), the remnant's

macroscopic degrees of freedom are fully captured by mass  and spin , exactly as

predicted by the Kerr solution[3][4]. This constitutes the first high-confidence experimental

demonstration that mature Lava nodes—at least in the ,  parameter

region—exhibit no viscous hair on timescales resolved by ground-based detectors (

 ms post-peak)[3].

Any future LVC modification to near-horizon physics (e.g., viscosity-driven corrections to

the quasi-normal mode spectrum, non-Kerr deformations from macroscopic shear stress,

or emergent degrees of freedom in the Lava phase) must now satisfy the constraint:

at masses  and spins , or equivalently that residual viscous effects

contribute less than  fractional shifts to the complex QNM frequencies accessible to

LIGO[3][4]. This is the first quantitative "no-hair" bound imposed by LVC data rather than

by theoretical consistency.

GW250114 traveled approximately 1.1–1.3 billion light-years from source to detector,

crossing multiple large-scale structure features—galaxy clusters, filaments, and cosmic

voids—en route[1][2]. In theories predicting frequency-dependent propagation speeds for

gravitational waves (e.g., massive graviton models, dissipative vacuum scenarios, or

refractive "gravitational Cerenkov" effects in structured spacetimes), such a long baseline

should induce measurable arrival-time differences between the low-frequency inspiral (

 Hz) and high-frequency merger-ringdown (  Hz) portions of the

signal[2].

Standard LIGO-Virgo analyses place upper limits on frequency-dependent dispersion by

comparing observed waveform phase evolution against templates assuming luminal

propagation. For GW250114, no statistically significant deviation from  was

detected; the  confidence bounds on a hypothetical graviton Compton wavelength

exceed  km, corresponding to a graviton mass  eV/ [2]. More generally,

any frequency-dependent phase shift  accumulated over the propagation path is
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constrained to be smaller than the phase uncertainty intrinsic to the -SNR waveform,

roughly  radians across the LIGO band[2].

In Lava-Void Cosmology, cosmic Voids are not simply regions of low baryon density; they

are entropically transparent channels through which gravitational radiation propagates

without refractive drag, mode mixing, or cumulative dephasing[5][6]. This "Pure Medium"

conjecture stands in contrast to models that treat the vacuum (or effective intergalactic

medium) as a dissipative or dispersive substrate—for instance, scenarios in which dark

energy fluctuations, quantum vacuum polarization, or emergent spacetime granularity

introduce achromatic or chromatic delays.

GW250114's clean propagation falsifies a broad class of such alternatives. Specifically, any

Void-sector mechanism that would:

is now empirically ruled out at the precision corresponding to GW250114's SNR and

baseline[1][2]. The Void medium, as sampled by this event, behaves as an ideal

transmission channel:  (refractive index unity) and  (absorption

coefficient negligible) across the LIGO sensitivity band.

This result has direct bearing on LVC's LISA-band forecasts. In prior work, LVC predicts

phase-twist signatures  radians arising from post-bounce vorticity in certain

classes of intermediate-mass black hole mergers transiting "throat" regions of the cosmic

web[7][8]. The detectability of such twists requires that the baseline Void propagation

introduce no additional phase noise at the  radian level—a requirement now

validated by GW250114's dispersion-free transit over comparable comoving distances[1][2]

[7]. In other words, the Pure Medium hypothesis passed its first Gpc-scale stress test in the

LIGO band, lending credibility to the assumption underpinning LISA-band vorticity

forecasts[7][8].

Hawking's area theorem asserts that the total horizon area of a classical black hole system

cannot decrease, provided the null energy condition holds and no exotic matter crosses the

horizon[9]. For binary mergers, this translates to the requirement:

where  are the initial horizon areas of the progenitors and  is the remnant

area[9]. Testing this inequality requires independent measurements of the initial and final

states, which GW250114 uniquely enables via two complementary approaches[9][10]:

LVC Pure Medium Hypothesis

Introduce frequency-dependent group velocities  at the 

level over Gpc baselines,

•

Generate cumulative phase noise or dephasing that blurs the quasi-normal mode

structure by  in frequency resolution,

•

Cause anomalous amplitude damping beyond the standard  geometric dilution,•
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1. Inspiral-Merger-Ringdown (IMR) fit: Use the full waveform to infer progenitor

masses  and remnant mass , spin , then compute areas 

where  is the outer horizon radius.

2. Ringdown-only spectroscopy: Extract  directly from the dominant QNM

frequencies , independent of the inspiral history.

For GW250114, both methods yield consistent values, and the remnant area exceeds the

sum of initial areas by a factor :

with a statistical significance corresponding to  or  confidence that

[9][10]. This represents the most stringent verification of the area

theorem in the strong-field, dynamical regime to date[9][10].

In Lava-Void Cosmology, the Entropy Spine is the organizing principle linking microscopic

irreversibility (black hole area increase) to macroscopic thermodynamic evolution (cosmic

expansion and void dilution)[5][6]. The Second Law manifests in two coupled, one-way

flows:

GW250114 provides a concrete numerical anchor for the Lava branch. The observed area

jump— —reflects the irreversible conversion of orbital kinetic energy

and spin-orbit coupling into horizon area (and radiated gravitational wave energy

)[9][10]. Any LVC-motivated correction to near-horizon thermodynamics (e.g.,

viscosity-driven entropy production, non-equilibrium boundary layer effects, or

modifications to the Bekenstein-Hawking entropy formula ) must preserve this

observed area increase within the quoted uncertainties—roughly  at 

level[9][10].

Furthermore, the area theorem's confirmation at  confidence rules out scenarios in

which information loss, exotic matter tunneling, or quantum corrections conspire to

produce net area decrease on the timescales (  s) and mass scales ( )

probed by GW250114[9][10]. This sets a lower bound on the validity regime of classical

black hole thermodynamics within LVC: at least up to  and , Hawking's

theorem holds with percent-level precision.

LVC Entropy Spine: Calibration and Boundary Conditions

Lava sector: Entropy density  locked within horizon boundaries,

strictly non-decreasing under mergers, accretion, and gravitational wave emission.

•

Void sector: Coarse-grained phase-space volume expanding via Hubble flow, diluting

entropy density  but increasing total accessible microstates.

•

Stress-Test Logic and Predictive Integration



Lava-Void Cosmology adopts an explicit falsification strategy, documented in Pillar 9

("Vulnerability Mapping and Honest Theory-Updating")[11]. The philosophy is

straightforward: identify high-leverage observables that could, if measured contrary to LVC

predictions, force substantive revision or abandonment of core assumptions. GW250114

constituted such a "guillotine" event across three dimensions:

GW250114 passed all three tests. This outcome does not prove LVC; it demonstrates that LVC

survived a high-pressure empirical confrontation with data it did not predict in advance

but whose relevance was recognized immediately upon detection.

The significance of GW250114 extends beyond its standalone technical achievements. The

same structural assumptions—Kerr-Lava equilibrium, Void transparency, and area-law

monotonicity—underwrite two additional LVC predictions now under active observational

development:

1. LISA phase-twist signatures: In the LVC framework, intermediate-mass black hole

mergers ( ) passing through "bounce throat" regions of the cosmic

web experience pre-throat vorticity amplification , seeding

post-bounce recirculation loops that imprint phase twists  radians on the

gravitational waveform[7][8]. The detectability of such small phase shifts at mHz

frequencies requires that the baseline Void propagation introduce no additional

phase noise at comparable levels—a condition now validated by GW250114's

dispersion-free Gpc-scale transit in the LIGO band[1][2][7].

2. CMB high-multipole damping: LVC predicts viscous damping of primordial acoustic

modes at scales , arising from macroscopic shear viscosity

 in the pre-recombination baryon-photon fluid[12]. This damping scale is set

by the same viscosity parameter  that governs shear dissipation in late-time Lava

mergers. The "no viscous hair" constraint from GW250114 spectroscopy—viscosity

contributes  fractional corrections to QNM frequencies at —provides

an independent cross-check on the magnitude of  permissible in the primordial fluid

without violating late-time black hole observables[3][12].

In this sense, GW250114 functions as the anchor point of a multi-probe test suite: any future

LVC modification must simultaneously preserve (i) Kerr-like Lava spectroscopy at LIGO

masses, (ii) achromatic Void propagation over Gpc baselines, (iii) area-law monotonicity at

The Guillotine Philosophy

If multi-mode spectroscopy had revealed systematic departures from Kerr at the

 level, the Kerr-Lava equilibrium hypothesis would require re-examination,

potentially necessitating explicit viscosity or shear-stress terms in the late-time black

hole equation of state[3][4].

•

If propagation analysis had detected frequency-dependent dispersion at

, the Pure Medium conjecture for Voids would be falsified, forcing

introduction of refractive or dissipative Void-sector dynamics inconsistent with the

entropically transparent channel picture[1][2].

•

If the area theorem had failed—or even shown marginal consistency ( )—the

Entropy Spine's reliance on strict horizon-area monotonicity as the microscopic

anchor for global irreversibility would be undermined, requiring either quantum

corrections at macroscopic scales or non-standard thermodynamic identities[9][10].

•

Coherence with LISA and CMB Forecasts



the  level, (iv) LISA-band phase-twist detectability in throat-transiting mergers, and (v)

CMB damping scales consistent with Planck and CMB-S4 constraints[1][2][3][7][9][12]. This

interlocking structure represents the intended operation of the LVC stress-test architecture:

observables in one sector constrain parameters in another, and falsification in any sector

propagates throughout the framework[11].

GW250114 represents the most rigorous empirical verification of Einsteinian general

relativity in the strong-field, dynamical regime to date: Kerr black holes exhibit no

measurable deviations in multi-mode spectroscopy, gravitational waves propagate without

dispersion over billion-light-year baselines, and Hawking's area theorem holds at five-

sigma confidence[1][2][3][9][10]. Within the Lava-Void Cosmology framework, these results

do not merely support GR; they define the boundary conditions for how "Lava" behaves in

its most condensed form and how "Voids" transmit information across cosmic distances.

The audit establishes three quantitative constraints:

1. No viscous hair at : Residual viscosity or shear-driven substructure in

mature Lava nodes contributes  fractional corrections to quasi-normal

mode frequencies, ruling out "fuzzy singularity" models and dissipative horizon-layer

scenarios at this mass-spin scale[3][4].

2. Void refractive index unity to : Cosmic Voids exhibit no detectable frequency-

dependent propagation effects for gravitational radiation over Gpc baselines,

falsifying dissipative vacuum and refractive dark-energy theories at the precision

corresponding to SNR  detections[1][2].

3. Area-law calibration at : Black hole mergers preserve strict horizon

area increase with  confidence, providing a numerical anchor for the Entropy

Spine and constraining any LVC-motivated thermodynamic modifications to 

fractional deviations from Bekenstein-Hawking entropy[9][10].

Looking forward, GW250114 inaugurates a new phase of precision black hole physics in

which observational constraints reach the level required to discriminate between classical

GR and theories predicting small ( ) corrections in the strong-field regime[3][4]. For

Lava-Void Cosmology, this event simultaneously validates the framework's core

assumptions at the first-order level and establishes the quantitative benchmarks future LVC

predictions must meet. The framework remains empirically viable, internally coherent,

and poised for further stress-testing as LIGO-Virgo-KAGRA continues operations and LISA

comes online in the early 2030s[7][8].

In the language of Pillar 9, GW250114 swung the axe—and LVC emerged intact, with sharper

edges[11].
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