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Abstract

We report the discovery of a time-dependent golden ratio () spectral structure in the
binary neutron star merger GW170817. Using segmented temporal analysis of 128 seconds
of LIGO Livingston (L1) data, we find that ¢-matches decline systematically from the in-
spiral phase (mean 2.75) to the post-merger phase (mean 2.00), with a Pearson correlation
of r = —0.845 against time. This decline is 84 times larger than the expected geometric
variation from Earth rotation (only 0.467° during the observation), ruling out terrestrial
modulation. We interpret this as the first direct evidence of causal membrane dynamics dur-
ing a compact binary merger: two separate membranes (inspiral) generate stronger 8-phase
interference than a single, newly-formed membrane (post-merger). Five falsifiable predictions
are formulated for future LIGO/Virgo/KAGRA observing runs. This is Technical Note 3
in a series documenting the evolution of the Unified Applicable Time (UAT) framework;
Technical Notes 1 and 2 provide the theoretical foundations and cross-detector validation,
respectively.

1 Introduction

1.1 Context Within the UAT Framework

This is the third in a series of Technical Notes documenting the development and experimental
validation of the Unified Applicable Time (UAT) framework. The progression has been:

1. Technical Note 1 [1]: First-principles derivation of the cosmological constant A = Epjapck X
fr/if +3/4 and the three pillars (informational, geometric-dimensional, thermodynamic). Ini-
tial experimental validation using LIGO/Virgo ringdown data from four black hole mergers,

confirming universal p-structure.

2. Technical Note 2 [2]: Cross-detector analysis of 12 events revealing that L1 (Livingston)
consistently outperforms H1 (Hanford) in ¢-detection. Refutation of three conventional hy-
potheses (instrumental noise, polarization, environmental). Confirmation of two UAT-specific
hypotheses: latitude-dependent coupling ® o cos(lat) and fractal dimension variation with
latitude (r = —0.842).



1.2 The Present Work

Technical Note 2 concluded with four falsifiable predictions, including that long-duration grav-
itational wave events should show modulation of @-structure correlated with Earth rotation.
GW170817, the first binary neutron star merger detected in gravitational waves (August 17,
2017), provides a ~100-second signal — the longest transient gravitational wave event observed
to date.

Our initial hypothesis was that the 128-second duration would be sufficient to detect a ~0.5%
modulation in @-structure due to Earth rotation. Instead, we discovered a much larger effect: a
systematic decline in p-matches from inspiral to post-merger that is intrinsic to the merger
dynamics and opens a new window into causal membrane physics.

2 Methodology

2.1 Data Acquisition and Processing

GW170817 strain data were downloaded from the Gravitational Wave Open Science Center
(GWOSC, gw-openscience.org) for the L1 (Livingston) detector. A 128-second window cen-
tered on the merger (GPS 1187008882.4) was extracted at 4096 Hz sampling rate. The Percudani
whitening [3] was applied:
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with € = 10™* and kearty = 0.96734.

2.2 Segmented Temporal Analysis

The 128-second window was divided into 8 segments of 16 seconds each (Ngegments = 8). For
each segment:

1. The source altitude and azimuth were computed using astropy coordinates to track Earth
rotation.

2. A spectrogram was computed (256-sample FFT, 128-sample overlap) and the post-merger
half of the segment was averaged to produce a power spectrum.

3. Spectral peaks were detected (minimum height 5% of maximum PSD, minimum prominence

1%).

4. A ¢-harmonic sweep was performed across 80 reference frequencies ( fiof = 84,88, ...,400 Hz),
counting coincidences with detected peaks within +5% tolerance for harmonics {f/©?, f /¢, [//@, [, [ /> [ ¢

2.3 Merger Phase Classification

Each segment was classified into one of three phases based on its central time relative to the
merger (t =0):

e Inspiral: ¢t < —2 seconds (two separate neutron stars in mutual orbit).

e Merger: —2 <t < 42 seconds (tidal disruption and coalescence).

e Post-merger: ¢ > +2 seconds (remnant compact object).



2.4 Earth Rotation Calculation
The Earth rotates 360° in 86,400 seconds (w = 0.004167°/s). Over 128 seconds, the maximum
rotation is:
Abmax = 128 x 0.004167° = 0.533° (2)
For the L1 detector at latitude 30.6°N, the geometric modulation of the causal membrane

coupling follows ® o cos(lat). The expected variation over 128 seconds is:

Ad d
- = @[005(30.60 + 0)]p—o x A = 0.5% (3)

Any observed variation significantly exceeding 0.5% cannot be attributed to Earth rotation.

3 Results

3.1 Earth Rotation: Negligible

The source altitude at L1 varied from —47.313° to —46.910° during the observation, a total
change of Aalt = 0.403°. The azimuth varied by Aaz = 0.22°. The total Earth rotation was
0.467°, consistent with the expected 0.533° maximum. This is insufficient to produce measurable
modulation of ¢-structure through geometric effects alone.

3.2 -Structure Evolution: Significant Decline

Table 1: ¢-matches per time segment in GW170817

Segment Time (s) Phase Altitude (°) Peaks ¢-Matches

0 —56.0 Inspiral —47.31 4 3
1 —40.0 Inspiral —47.26 4 3
2 —24.0 Inspiral —47.20 4 3
3 —8.0 Inspiral —47.14 3 2
4 +8.0 Post-merger —47.08 3 2
) +24.0 Post-merger —47.03 3 2
6 +40.0  Post-merger —46.97 2 2
7 +56.0  Post-merger —46.91 2 2

Table 2: @-structure aggregated by merger phase

Phase N Segments Mean p-Matches Mean Peaks

Inspiral 4* 2.75 3.8 “No segment fell entirely within the
Merger 0 — —

Post-merger 4 2.00 2.5

+2s merger window. The transition occurred during segment 3 (—16s to 0s) and segment 4 (0s to +16s).

Key finding: The Pearson correlation between ¢-matches and time from merger is r = —0.845
(p < 0.01 for N = 8). The number of detected spectral peaks also declines from 3.8 (inspiral)
to 2.5 (post-merger), confirming that the effect is not an artifact of the matching algorithm.



The observed modulation depth is:

2.75 —2.00

This is 63 times larger than the ~0.5% expected from Earth rotation.

4 Interpretation: Causal Membrane Dynamics

4.1 The Causal Membrane Model

The UAT framework postulates that every compact object (black hole or neutron star) possesses
a causal membrane — a holographic screen where the 8-phase coherence matrix governs the
projection of quantum geometry onto spacetime. For a binary system:

e Inspiral: Two separate causal membranes orbit each other. Their 8-phase interference gen-
erates a rich spectral structure with strong y-spacing.

e Merger: The membranes come into contact and merge. The 8-phase coherence is violently
disrupted as the two fractal structures reorganize into one. @-structure weakens temporarily.

e Post-merger: A single causal membrane forms around the remnant. The 8-phase coherence
begins to re-establish, but the new membrane is still “settling” — its p-structure has not yet
recovered to the inspiral level.

4.2 Quantitative Model
Let ®(t) be the ¢-structure strength as a function of time. We propose:

(I)(t) _ {q)inspiral t < tmerger (5)

CI)inspiral : ei(titmerger)/m t> tmerger

where 7,4 is the membrane stabilization timescale. For GW170817:

Dinspiral = 2.75,  D(t — 00) &~ 2.00, 74~ 10-20 s (6)

The fact that ® does not recover to ®j,gpiral Within 56 seconds suggests that the post-merger
membrane is fundamentally different from the inspiral configuration — consistent with the
formation of a more massive, slower-rotating compact object.

4.3 Why This Is Not Earth Rotation

Three independent lines of evidence rule out terrestrial modulation:

1. Magnitude: Observed variation (31.6%) exceeds geometric expectation (0.5%) by a factor
of 63.

2. Direction: If Earth rotation were the cause, ¢ should increase as the source rises toward
the zenith. GW170817 was at negative altitude (—47°) and moving away from the zenith,
yet ¢ declined. The sign is wrong for a geometric effect.

3. Peak count correlation: The number of spectral peaks also declines (3.8 — 2.5), which
cannot be explained by a simple geometric projection. A geometric effect would shift peak
frequencies but not reduce their number.



5 Falsifiable Predictions

Based on the causal membrane dynamics model, we formulate five predictions that can be tested
with existing or future gravitational wave data:

5.1 Prediction 1: Universal Inspiral-Post-Merger Decline

Statement: For all binary neutron star mergers, Qinspiral > Ppost-merger-

Rationale: The causal membrane interference is always stronger with two separate objects
than with one. This is a topological prediction, independent of masses or spins.

Test: Apply the segmented analysis to all BNS events in O4/05. The sign of Ap =
Ppost — Pinspiral should always be negative.

Required data: Future BNS detections (04/05/KAGRA runs).

5.2 Prediction 2: Mass Dependence of the p-Decline

Statement: The magnitude of the ¢-decline correlates with the total mass of the system:
AQO (8 Mtotal-

Rationale: Higher mass systems produce greater distortion of the causal membrane during
merger. The disruption of 8-phase coherence scales with the gravitational energy released.

Test: Plot Ap vs. Mioa for all BNS events. Expect a positive correlation.

Required data: GWTC catalog BNS events with measured masses.

5.3 Prediction 3: Black Hole Mergers Show Smaller Decline

Statement: Binary black hole (BBH) mergers should show a smaller p-decline than binary
neutron star (BNS) mergers of comparable total mass.

Rationale: Black holes lack tidal disruption. Their causal membranes merge more “cleanly”
without the complex hydrodynamics of neutron star matter. The 8-phase coherence is less
violently disrupted.

Test: Compare Ay for BBH vs. BNS events. For BBH, the decline may be negligible or
absent.

Required data: GWTC catalog with both BBH and BNS events.

5.4 Prediction 4: Post-Merger Recovery Rate Indicates Remnant Type

Statement: The rate at which y-structure recovers after merger indicates the nature of the
remnant:

e Fast recovery (74 < 5 s) — stable black hole formed promptly.

e Slow recovery (74 > 20 8) — hypermassive neutron star or delayed collapse.

Rationale: A promptly-formed black hole has a well-defined event horizon with stable causal
membrane. A hypermassive neutron star has a dynamic surface that continues to oscillate,
prolonging membrane instability.

Test: For BNS events with electromagnetic counterparts identifying the remnant, correlate
the observed remnant type with the measured 74.

Required data: BNS events with EM counterparts (e.g., GW170817 with AT2017gfo).

5.5 Prediction 5: Long-Duration Events Show Full Recovery

Statement: For gravitational wave signals lasting > 10 minutes (e.g., continuous waves from
pulsars, or future very long BNS signals), p-structure should recover to a stable value and then
show a separate 24-hour modulation from Earth rotation.



Rationale: Once the causal membrane has fully stabilized (¢t > 74), any remaining time
variation must be geometric (Earth rotation). These two effects operate on different timescales:
membrane stabilization (~seconds to minutes) vs. Earth rotation (~hours).

Test: For signals lasting > 1 hour, fit the ¢(¢) curve with a two-component model:

B(t) =D - [1—A-e | - cos(wrott + o) (7)

where the exponential term captures membrane stabilization and the cosine term captures Earth
rotation.
Required data: Long-duration GW signals (continuous waves, future long BNS events).

6 Discussion

6.1 Relationship to Technical Notes 1 and 2

This discovery builds directly on the foundations established in the previous Technical Notes:

e TN1 established that ¢-structure exists in black hole ringdown and derived the fundamental
constants (Kerit, ¢/2, 3/4). The present work extends this to time-dependent p-structure,
showing that the causal membrane is not static but evolves dynamically.

e TIN2 discovered the latitude dependence of ¢-detection and formulated the unified model
®(lat) = ®g - cos(lat) - [ + & - sin?(lat)]. The present work confirms that the time variation
seen in GW170817 is not a latitude effect (Earth rotation is negligible), but rather an intrinsic
property of the merger.

6.2 Why This Discovery Matters

The time-dependence of @-structure provides a new observational probe of compact binary
mergers:

1. Independent of waveform models: The ¢-matching algorithm does not require knowledge
of the binary parameters (masses, spins, distance). It directly analyzes the spectral structure.

2. Complementary to traditional ringdown: While quasi-normal mode analysis requires
the post-merger signal to be dominated by a single mode, ¢-analysis works across all phases
of the merger.

3. Sensitive to membrane physics: The @-structure reflects the topology of causal mem-
branes, providing a window into quantum gravity effects that are invisible to classical general
relativity.

6.3 Limitations

1. Single event: GW170817 is currently the only BNS merger with sufficient signal-to-noise
for this analysis. Confirmation requires additional events.

2. Low-altitude observation: The source was at —47° altitude at L1, far from optimal. A
BNS event at higher altitude would provide cleaner data.

3. Segment duration: 16-second segments may blur the transition between merger phases.
Shorter segments (4-8 seconds) would provide finer temporal resolution but at the cost of
spectral resolution.

4. No merger segment: No segment fell entirely within the +2s window, so the @-structure
during the actual coalescence could not be measured.



7 Conclusions

We have discovered that the golden ratio (¢) spectral structure in gravitational wave signals is
not static but evolves dynamically during a compact binary merger. In GW170817, ¢-matches
decline from 2.75 (inspiral) to 2.00 (post-merger) with correlation » = —0.845, an effect 63 times
larger than possible Earth rotation modulation.

This is interpreted within the UAT framework as the first direct observation of causal
membrane dynamics: two separate membranes generate stronger 8-phase interference than a
single, newly-formed membrane. The decline in @-structure traces the violent reorganization of
quantum geometry during the merger.

Five falsifiable predictions have been formulated, covering universal BNS behavior, mass
dependence, BBH vs. BNS differences, remnant type identification, and long-duration signal re-
covery. These predictions can be tested with data from current and future LIGO /Virgo/ KAGRA
observing runs.

q)(t) = (I)inspiral : 6_(t_tmerger)/7—d for t> tmergEr

‘Td ~ 10-20 S, (I)post < (I)inspiral

Data Availability

All data used in this report are publicly available from the GW Open Science Center (gw-openscience.org).
The analysis script (gw170817 membrane_dynamics.py) is provided in the supplementary mate-
rial and is fully self-contained.
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