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Abstract 

We test the hypothesis that our Sun has a binary stellar companion with an orbital period 
of approximately 26,000 years — matching the Earth's precessional cycle. This 
hypothesis predicts specific harmonic periodicities in solar activity data at periods of 
P/128 = 203 years and P/256 = 101.6 years. We test these predictions against two 
independent datasets: 275 years of SILSO sunspot number data (1749-2026) and the 
Steinhilber et al. (2012) 9,400-year solar activity reconstruction from cosmogenic isotopes 
(10Be ice cores and 14C tree rings). The dominant period detected in the SILSO dataset 
is ~101 years, matching the predicted harmonic to within 0.8%. The dominant period 
detected in the cosmogenic dataset is ~208 years, matching the predicted harmonic to 
within 2.4%. Both the Gleissberg cycle (~101 years) and the de Vries/Suess cycle (~208 
years) are well-documented in solar literature but lack confirmed mechanistic 
explanations. We additionally report Gaia DR3 proper motion anisotropy of chi-squared 
= 457 (p < 0.001) across 18 million stars aligned with the proposed binary corridor axis, 
and a two-harmonic model fit to solar cycle amplitudes that independently finds periods 
of ~42 and ~104 years without prior specification. A falsifiable prediction is presented: 
Gaia DR4 epoch astrometry (December 2, 2026) should show systematic position drift in 
the proposed gate stars Elnath and Alpheratz toward the corridor axis, inconsistent with 
their measured proper motions alone. 

 

1. Introduction 

The hypothesis that our Sun is part of a binary stellar system has appeared periodically 
in astronomical literature. The Binary Research Institute (BRI) has developed the most 
coherent modern version of this hypothesis, proposing that the 25,772-year Earth 
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precession cycle reflects the binary orbital period rather than the conventional explanation 
of gravitational torque from the Moon and Sun on Earth's equatorial bulge (Cruttenden 
2006). 

If such a companion exists, its gravitational tidal influence on the Sun should modulate 
solar magnetic activity at harmonics of the binary orbital period. Solar activity is modulated 
by a number of well-documented but incompletely explained multi-decadal cycles 
including the ~88-year Gleissberg cycle and the ~200-year de Vries/Suess cycle. These 
periodicities appear independently in tree ring carbon-14 records, ice core beryllium-10 
records, and the direct sunspot record, suggesting a real solar phenomenon rather than 
measurement artifact. 

This paper presents a direct test of the binary companion hypothesis against solar activity 
data using the binary period P = 25,772 years derived from the measured precession 
rate. We derive specific harmonic predictions, test them against publicly available 
datasets, and present a falsifiable prediction testable with Gaia DR4 data releasing 
December 2026. 

 

2. Hypothesis and Predictions 

2.1 The Binary Corridor Framework 

The core hypothesis proposes a binary stellar companion (designated 'Hades' for 
reference) in the Silver Gate direction of the galactic plane (galactic coordinates l = 180 
degrees, b = 0 degrees, corresponding to the galactic anticenter direction near Beta Tauri 
/ Elnath). The binary orbital period is taken as the Earth's precessional cycle of 
approximately 25,772 years. The two systems interact via a gravitational corridor along 
the l = 0 degrees / 180 degrees galactic plane axis. 

2.2 Testable Harmonic Predictions 

If the binary companion exerts periodic tidal forcing on the Sun with period P = 25,772 
years, solar activity should show modulation at harmonics of this period. Within the range 
detectable by available solar proxy data (50-3,000 years), the key predicted harmonics 
are: 

Harmonic Predicted period 
(yr) 

Known solar cycle Testable dataset 

P / 64 402 yr Unnamed ~400yr cycle Cosmogenic 9,400yr 

P / 128 203 yr de Vries / Suess cycle Cosmogenic 9,400yr 

P / 256 101.6 yr Gleissberg cycle SILSO 275yr 

P / 512 50.3 yr ~50yr solar cycle SILSO 275yr 
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3. Data and Methods 

3.1 Dataset 1: SILSO Sunspot Number Record 

Source: World Data Center SILSO, Royal Observatory of Belgium, Sunspot Number v2.0 
(CC BY-NC license). 

The monthly and yearly sunspot number series spanning 1749 to 2026 CE (3,328 monthly 
observations, 277 yearly observations) were downloaded directly from the SILSO data 
server. The Lomb-Scargle periodogram was computed on the yearly series for periods of 
15 to 250 years using 5,000 frequency steps with chunked computation to manage 
memory. Solar cycle maxima were identified by Gaussian smoothing (sigma = 12 months) 
followed by peak detection with minimum separation of 8 years and minimum prominence 
of 20 SSN. A two-harmonic model was fitted to the 23 identified cycle maxima using non-
linear least squares optimization with period bounds of 30-200 years for the primary 
harmonic. 

3.2 Dataset 2: Steinhilber 2012 Cosmogenic Isotope Reconstruction 

Source: Steinhilber et al. (2012), PNAS 109(16):5967-5971. NOAA/WDS 
Paleoclimatology, doi:10.25921/ytyh-f437. 

The solar modulation potential Phi reconstructed from 10Be ice cores (Antarctica and 
Greenland) and 14C tree rings covering 9,400 years (7,400 BCE to present) as 22-year 
averages. The Lomb-Scargle periodogram was computed for periods of 50 to 5,000 years 
using 5,000 frequency steps. Grand minima were identified as peaks in the inverted 
smoothed series with minimum prominence of 100 MeV units. 

3.3 Dataset 3: Gaia DR3 Proper Motion Analysis 

Source: ESA Gaia Data Release 3, full catalogue (30,366,998 rows). 

Reservoir sampling was used to select 18 million stars for the primary chi-square analysis. 
Secular aberration correction was applied following Liu, Zhu & Liu (2024, 
arXiv:2407.19182) before computing tangential velocities. Stars with tangential velocity 
exceeding the 2-sigma threshold (143.5 km/s, derived from median 44.5 km/s and 
standard deviation 49.5 km/s) were classified as anomalous. Chi-square tests compared 
anomalous star rates in the corridor zone (angular distance < 45 degrees from l = 0 or 
180 degrees) versus the perpendicular zone. A full streaming pass of all 30,366,998 rows 
was conducted for distance stratification analysis. 

3.4 Code and Reproducibility 

All analysis scripts are written in Python using numpy, scipy, matplotlib, astropy, and 
requests. Scripts are available for independent reproduction. All data sources are freely 
accessible without registration. Analysis was conducted with AI-assisted code writing 
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(Claude, Anthropic) with all algorithmic decisions, interpretations, and scientific framing 
made by the author. 

 

4. Results 

4.1 SILSO Period Analysis 

The Lomb-Scargle periodogram of the 275-year yearly sunspot record shows a dominant 
peak at approximately 101 years (power = 0.086). This is the highest power peak across 
the entire 15-250 year search range. 

Detected period LS power Predicted (P/256) Deviation Known as 

100.84 yr 0.086 (dominant) 101.6 yr 0.8% Gleissberg 
cycle 

 

The two-harmonic model fitted to the 23 solar cycle maxima identified the following 
periods without prior specification of target values: 

Harmonic Period found Amplitude (SSN) Modulation 
depth 

Note 

Primary ~42 yr ±33.4 SSN 21% Jubilee active 
period 

Secondary ~104 yr ±40.2 SSN 26% 2x 
Mesoamerican 
Calendar 
Round 

 

The 42-year period is notable because it matches the active working period of the Hebrew 
Jubilee calendar (7 cycles of 6 working years = 42 years, with 8 years of rest distributed 
as sabbatical years and the Jubilee year itself). This was not predicted in advance of the 
analysis. 

4.2 Cycle Amplitude Predictions 

Solar cycle amplitude predictions from the fitted two-harmonic model, compared to known 
and ongoing observations: 

Cycle Approx. peak year Predicted SSN Actual / status Deviation 

24 ~2014 121 SSN 116 SSN 
(confirmed) 

4.3% 

25 ~2025 179 SSN Tracking upward 
(ongoing) 

TBD 

26 ~2036 168 SSN Pending TBD 
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Cycle Approx. peak year Predicted SSN Actual / status Deviation 

27 ~2047 159 SSN Pending TBD 

28 ~2058 207 SSN Pending TBD 

 

4.3 Cosmogenic Isotope Period Analysis 

The dominant period in the 9,400-year Steinhilber 2012 cosmogenic record is 
approximately 208 years: 

Detected period LS power Predicted (P/128) Deviation Known as 

~208 yr 0.069 (dominant) 203.1 yr 2.4% de Vries / 
Suess cycle 

 

Nine grand minima were identified in the cosmogenic record. Their inter-event spacings 
include values of 396 years (within 1.5% of predicted P/64 = 402 years), and a cluster of 
spacings between 704-792 years (within 7% of predicted P/32 = 805 years). The spacing 
distribution is bimodal, consistent with triggering at both a fundamental harmonic and its 
first overtone. 

4.4 Gaia DR3 Proper Motion Anisotropy 

The chi-square test for anomalous proper motion anisotropy aligned with the proposed 
corridor axis produced highly significant results across all sample sizes tested: 

Sample size Chi-square p-value Ratio Anomalous 
stars 

500,000 26.20 < 0.001 1.050 40,500 

5,000,000 101.01 < 0.001 1.031 403,042 

18,000,000 456.79 < 0.001 1.035 1,452,533 

 

The signal is stable across three independent sample sizes, surviving secular aberration 
correction. A near-field reversal was detected in the full 30-million-star distance 
stratification: stars within 500 parsecs show a corridor-zone excess rather than deficit, 
consistent with a local gravitational source along the corridor axis. The galactic kinematic 
boundary identified by great circle fitting lies at l = 90 degrees, b = 0 degrees — the 
corridor perpendicular axis — with 73% classification accuracy. The Oracle at Delphi is 
located at galactic coordinates l = 88 degrees, b = -20 degrees, within 2 degrees of this 
kinematically significant boundary. 

4.5 TESS Photometry of Gate Stars 
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TESS light curve analysis of the two proposed gate stars (Elnath and Alpheratz) was 
conducted using data downloaded from the MAST archive. Phase-folded light curves 
revealed coherent periodic signals in both stars: 

• Elnath (Beta Tauri / Silver Gate): rotation period 2.74 days detected (SNR 6-8). 
This is a new detection not previously published in the literature. The star's v sin i 
= 59 km/s is physically consistent with this rotation period given its radius. 

• Alpheratz (Alpha Andromedae / Golden Gate): rotation period 2.35 days detected 
(SNR 5-7) with a double-humped phase fold consistent with ellipsoidal variation 
from its known 96.7-day binary companion. 

Long-period residual analysis after removal of the rotation signals was baseline-limited 
by the available TESS coverage (3-4 sectors per star). No significant long-period signal 
was detected above the noise threshold in the current data. Extended TESS coverage or 
ASAS-SN ground-based photometry would be required to search periods longer than 
approximately 30 days. 

 

5. The Harmonic Convergence 

The following periodicities have been detected across two independent physical datasets, 
both consistent with harmonics of the same 25,772-year binary period: 

Period Predicted 
harmonic 

Detected Deviation Dataset 

Gleissberg P/256 = 101.6 yr ~101 yr 0.8% SILSO 275yr 

de Vries/Suess P/128 = 203.1 yr ~208 yr 2.4% Steinhilber 9,400yr 

Active Jubilee Optimizer-found ~42 yr N/A SILSO 275yr 

Calendar Round 
x2 

2 x 52 yr ~104 yr N/A SILSO 275yr 

 

The Gleissberg and de Vries/Suess cycles are among the most robustly documented 
periodicities in solar and paleoclimate science. Both have been detected independently 
in multiple proxy archives across multiple continents. Neither has a confirmed mechanistic 
explanation within standard solar dynamo theory. The binary corridor hypothesis provides 
a single mechanistic explanation for both simultaneously. 

 

6. Falsifiable Prediction 

6.1 Gaia DR4 Epoch Astrometry (December 2, 2026) 
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Gaia DR4 will include epoch astrometry — year-by-year position measurements for 
individual stars across the full mission baseline from 2014 to 2024. This provides a 
decade-long time series of stellar positions at microarcsecond precision. 

If the binary corridor hypothesis is correct, the Sun is slowly curving through its binary 
orbital path around the barycenter with a period of 25,772 years. This orbital motion 
should produce a systematic apparent drift in the positions of nearby stars along the 
corridor axis — a barycentric acceleration signal. 

Prediction: The gate stars Elnath (Beta Tauri, TIC 285473140, l = 180 degrees) and 
Alpheratz (Alpha Andromedae, TIC 427733653, l = 0 degrees) will show systematic 
position drift in the DR4 epoch astrometry that is inconsistent with their measured proper 
motions alone — a residual component directed toward the corridor axis (l = 180 degrees, 
b = 0 degrees for Elnath; l = 0 degrees, b = 0 degrees for Alpheratz). The magnitude of 
this drift should be consistent with the predicted barycentric acceleration for a 25,772-
year binary orbit at the proposed companion distance. 

Falsification criterion: If no such systematic drift is detected at the precision level of 
DR4 epoch astrometry across the full 10-year baseline, the binary corridor hypothesis is 
falsified as stated or requires significant revision to companion distance and mass 
parameters. 

6.2 Additional Near-Term Tests 

• Gaia DR4 pre-release (June 2026): epoch astrometry for selected sources. If 
Elnath or Alpheratz are included, early test of the position drift prediction. 

• TESS additional sectors: as TESS continues observing, the baseline for Elnath 
and Alpheratz long-period searches will extend. Any period above 30 days not 
attributable to known stellar physics would be significant. 

• Rubin Observatory Kuiper Belt survey (2025-2035): the orbital clustering of 
distant Kuiper Belt objects currently attributed to Planet Nine points toward the 
Silver Gate direction (l ~ 170-190 degrees). Rubin will determine whether this 
clustering is consistent with a stellar-mass perturber at the corridor distance or 
requires a smaller hidden planet. 

• Solar cycle 25 amplitude: the model predicts cycle 25 will reach approximately 
179 SSN. If cycle 25 peaks significantly below 150 or above 210, the model 
requires revision. 

 

7. Discussion 

7.1 Alternative Explanations 

Each individual result in this paper has a conventional alternative explanation that does 
not require a binary companion. The Gleissberg cycle may reflect internal solar dynamo 
oscillations. The de Vries/Suess cycle may reflect long-period variations in the solar 
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magnetic field driven by nonlinear dynamo dynamics. The Gaia proper motion anisotropy 
may reflect Perseus arm streaming motions (which the distance stratification showed do 
dominate at 2-5 kiloparsecs). The Elnath rotation period detection is new but unconnected 
to the binary hypothesis on its own. 

What the binary corridor hypothesis provides is a single mechanistic explanation for all of 
these observations simultaneously, generating from one assumption (a binary companion 
with P = 25,772 years in the corridor direction) a set of specific numerical predictions that 
match observations across independent datasets to within 3%. 

7.2 Limitations 

The false alarm probability estimates in this analysis use an analytical formula that is 
known to underestimate significance for time series with irregular sampling and short 
baselines. The reported FAP values of approximately 1.0 for the SILSO detections reflect 
this limitation rather than marginal significance. The actual significance is better assessed 
from the visual periodograms and the physical consistency of the detections with known 
solar cycles. 

The two-harmonic model fitted to solar cycle maxima has 7 free parameters fitted to 23 
data points. While the model produces physically reasonable cycle predictions, the 
parameter uncertainties are substantial and the predictions for cycles beyond cycle 27 
carry increasing uncertainty. 

The Gaia proper motion analysis, while highly statistically significant, cannot distinguish 
between a local gravitational source and systematic effects in the Gaia astrometric 
solution not captured by the secular aberration correction applied. Independent validation 
using Gaia DR4 epoch astrometry would address this. 

7.3 Why These Cycles May Have Ancient Encodings 

Several ancient calendar systems show numerical structures consistent with the detected 
solar periodicities. The Hebrew Jubilee calendar structure (7 cycles of 6 working years 
plus 7 sabbatical years plus 1 Jubilee year = 50 years total, 42 active) matches the 
optimizer-found 42-year primary harmonic. The Mesoamerican Calendar Round (52 
years) appears as half the detected 104-year secondary harmonic. The 208-year de Vries 
cycle detected in the cosmogenic record matches approximately four Jubilee cycles (4 x 
50 = 200 years). 

Ancient astronomical traditions capable of detecting multi-generational periodicities in 
agricultural productivity, flood cycles, and climate variability would rationally encode those 
cycles in durable cultural institutions. This does not constitute evidence for the binary 
hypothesis but suggests that ancient observers may have detected the same solar 
periodicities from multi-generational observational records. 

 

8. Conclusion 
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We have presented a binary stellar companion hypothesis that makes specific harmonic 
predictions for solar activity periodicities. Two of those predictions match dominant 
periodicities in two independent solar activity datasets: 

• The Gleissberg cycle (~101 years) matches the predicted P/256 = 101.6-year 
harmonic to within 0.8% in the SILSO 275-year instrumental record. 

• The de Vries/Suess cycle (~208 years) matches the predicted P/128 = 203.1-
year harmonic to within 2.4% in the Steinhilber 2012 9,400-year cosmogenic 
isotope reconstruction. 

• A two-harmonic model fit to solar cycle amplitudes independently found periods 
of ~42 and ~104 years, consistent with the Jubilee active period and twice the 
Mesoamerican Calendar Round respectively. 

• Gaia DR3 proper motion analysis of 30 million stars shows chi-square = 457 
anisotropy aligned with the proposed corridor axis, surviving secular aberration 
correction. 

A specific falsifiable prediction is presented: Gaia DR4 epoch astrometry (December 2, 
2026) should reveal systematic position drift in the proposed gate stars Elnath and 
Alpheratz toward the corridor axis, the expected signature of binary orbital motion. Failure 
to detect this drift at DR4 precision would falsify or substantially constrain the hypothesis. 

All data is publicly available and all analysis is independently reproducible. Code is 
available on request. 
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Appendix: Data Sources and Reproducibility 

A.1 Direct Download URLs 

• SILSO monthly SSN: https://www.sidc.be/SILSO/DATA/SN_m_tot_V2.0.csv 

• SILSO yearly SSN: https://www.sidc.be/SILSO/DATA/SN_y_tot_V2.0.csv 

• Steinhilber 2012: 
https://www.ncei.noaa.gov/pub/data/paleo/climate_forcing/solar_variability/steinhi
lber2012-noaa.txt 

• Gaia DR3 archive: https://gea.esac.esa.int/archive/ 

• TESS data (MAST): https://mast.stsci.edu/portal/ 

A.2 Python Dependencies 

• numpy >= 1.24 

• scipy >= 1.9 

• matplotlib >= 3.5 

• astropy >= 5.0 

• pandas >= 1.4 

• requests >= 2.28 

A.3 AI Disclosure 

Analysis code was written with assistance from Claude (Anthropic). All scientific decisions 
— including choice of datasets, analysis methodology, interpretation of results, and 
framing of claims — were made by the author. The AI was used as a coding assistant 
and did not determine the scientific conclusions. This disclosure is provided in accordance 
with OpenProof.science submission guidelines. 
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