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Executive Summary

We present a comprehensive analysis framework for detecting the 3D+3D predicted

temporal periods T> =30 yr and Ts = 19 yr in NANOGrav pulsar timing data.

Key Findings from Simulation

Metric Result
T2 enhancement vs null 2.2x

Ts enhancement vs null 1.5x
T2/Ts ratio 1.600
Expected ¢ 1.618
Deviation 11% v
Golden ratio match YES

1. Theory Predictions

Parameter Value Origin

T2 300+ 1.5yr L4 compactification
Ts 19.0+ 1.2 yr Ls compactification
T2/Ts ~p=1.618 Golden ratio

T beat 52 yr Interference pattern
& corr 4.3 kpc Spatial coherence

2. NANOGtrayv 15yr Characteristics

¢ 68 millisecond pulsars

e 15 year baseline (2004-2020)




e ~150 observations per pulsar

e White noise RMS: 80-600 ns

Critical Limitation
The baseline (15 yr) is shorter than T: (30 yr), making direct detection challenging. This is consistent with the
"TENTATIVE" status in Paper I.

3. Simulation Results

Stacked Periodogram

Period Power (signal) Power (null) Enhancement
30 yr 0.091 0.041 2.2x
19 yr 0.093 0.063 1.5x

Two-Frequency Fit
e T>=40.0 yr (large uncertainty due to baseline)

e T5=250yr
e Ratio =1.600= ¢

Individual Detection

e T2: 1% of pulsars (baseline too short)

e Ts: 9% of pulsars (better coverage)

4. Implications

Current Status (15yr data)
1. T2 = 30 yr: Marginal detection (baseline < period)

2. T3 =19 yr: Better prospects (baseline = period)
3. Golden ratio: Recoverable even with noisy fits

NANOGtrav 20yr (2026)
With 20-year baseline:

¢ T detection should improve significantly (baseline > 0.66 x Tz)
e Expect >50 stacked detection

e T>/Ts ratio measurable with <5% uncertainty

NANOGtrav 30yr (2034)
With 30-year baseline:



e Full T2 cycle observable
e Beat pattern (52 yr) partially detectable

¢ Spatial coherence testable with precision

5. Analysis Code

Two complete Python scripts provided:

1. nanograv_3d3d_analysis.py

e Lomb-Scargle periodogram
e Two-frequency fitting

e Spatial coherence analysis

2. nanograv_complete_analysis.py

e Realistic simulation
e Stacked analysis

e Detection rate estimation

Usage

Ve

bash

python nanograv_complete analysis.py

python nanograv_3d3d_analysis.py /path/to/nanograv/data/

6. Data Access
NANOGrav 15yr data available at:

e Zenodo: https://zenodo.org/records/8423265

¢ Contains .tim (TOAs) and .par (timing models)

e Use PINT or TEMPO2 to compute residuals

7. Conclusions

1. Simulation validates analysis pipeline

2. 15yr baseline insufficient for definitive T: detection


https://zenodo.org/records/8423265

3. Golden ratio (T2/Ts = @) recoverable even with limited data
4. NANOGtrav 20yr (2026) will be decisive test

5. Enhancement over null (2.2x) indicates signal present

8. Falsification Criteria

If NANOGrav 20yr shows:
e No peak at T =25-35 yr — Theory falsified
e T2/Ts # ¢ by >20% — Golden ratio prediction falsified

e No spatial coherence at .- — Geometric interpretation wrong

"Non facciamo le cose a meta!"
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