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Abstract

We present an independent consistency check of the 3D+3D discrete spacetime theory through comparison with
recently published observations of a rotating cosmic filament at z = 0.032 by Tudorache et al. (2025, MNRAS
544, 4306-4316). The Oxford team discovered a 15 Mpc rotating filament using MeerKAT (MIGHTEE-HI
survey) and DESI spectroscopy, reporting a characteristic radius R = 0.86 + 0.04 Mpc. Remarkably, this
matches the 3D+3D prediction Az =2 X ¢'' = 0.856 Mpc with only 0.1c tension, where ¢ = 1.618... emerges
from the PTA-inferred period ratio T>/Ts = 30/19 and A> = 4.30 kpc is the fundamental galactic scale validated
by SPARC rotation curves. Additionally, the observed spin-filament alignment ({|cos y|) = 0.64 + 0.05) exceeds
ACDM predictions (0.50) by 2.7c, an anomaly naturally explained by Q-field angular momentum transfer at the
M3 scale. The thin HI substructure length (1.7 Mpc) matches 2x\is = 1.71 Mpc to within 0.7%, suggesting
standing wave patterns in the Q-field potential. Crucially, the A:s prediction was derived and published in
Paper V before the Oxford filament discovery, making this comparison genuinely a priori. These results
provide strong evidence consistent with the 3D+3D theoretical framework from a completely independent

observational program.
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1. Introduction

The 3D+3D discrete spacetime theory proposes that our Universe possesses six dimensions: three spatial (x, v,
z) and three temporal (t, 12, 13), where the additional temporal dimensions are compactified at characteristic
scales A> = 4.30 kpc and A3 = 11.7 kpc. This geometric structure gives rise to scalar fields Q. and Qs that modify
the effective gravitational potential, providing a geometric explanation for phenomena traditionally attributed to

dark matter.

A fundamental prediction of the theory is that gravitational phenomena exhibit characteristic scales following a
harmonic progression governed by the golden ratio ¢ = 1.618. This ratio emerges from the PTA-inferred
temporal oscillation periods T2 = 30 years and Ts = 19 years, giving T2/Ts = 30/19 = 1.579 = ¢. The scale
ladder follows:

An = Ao X "2 (1)

where n =2, 3, 4, ... indexes the harmonic level. This progression has been validated across multiple scales: A> =
4.30 kpc from SPARC rotation curves, As = 11.7 kpc from gravitational lensing, and larger scales from cosmic

web structure analysis.

In November 2025, Tudorache et al. published the discovery of a rotating cosmic filament at redshift z = 0.032
using MeerKAT radio observations (MIGHTEE-HI survey) combined with DESI and SDSS spectroscopy. This
15 Mpc structure represents the first detection of coherent rotation in a cosmic filament, with profound
implications for structure formation models. Crucially, the reported characteristic radius R = 0.86 + 0.04 Mpc

provides an independent test of the 3D+3D harmonic scale predictions.

Important note on timing: The A3 = 0.856 Mpc prediction was derived and published in Paper V (Cosmic
Web Structure) prior to the Oxford filament discovery. The comparison presented here is therefore genuinely a
priori, not a post-hoc fit.

This paper presents a comprehensive statistical comparison between the Oxford observations and 3D+3D theory

predictions, demonstrating remarkable agreement across multiple independent tests.

2. Theoretical Framework

2.1 The Harmonic Scale Ladder

The 3D+3D theory derives gravitational modifications from the compactification of two additional temporal

dimensions. The effective 4D Lagrangian density takes the form:

Lip = Lar + %(8MQ2)2 + %(3,&23)2 — V(Qz, Q3) + Leoupling (2)

where Q2 and Qs are scalar fields arising from metric components in the compactified dimensions, and V(Q2,Qs)

represents the potential derived from 6D geometry. The screening function that modifies Newtonian gravity is:
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The characteristic scales A> and As are related to the compactification radii R> and Rs through the Kaluza-Klein

mechanism. The ratio of temporal oscillation periods, inferred from NANOGrav pulsar timing data:

Tz 30 yr
T 579 ~ ¢ 618 (4)

provides the basis for the harmonic scale progression. We emphasize that ¢ is not a free parameter but is
fixed by independent PTA observations. This leads to:

An = Ao X ™72 (5)

Table 1: Harmonic Scale Ladder Predictions

n A (kpe) A (Mpc) Physical Scale
2 4.30 0.0043 Galactic disk
3 6.96 0.0070 Inner halo
10 202 0.202 Poor cluster
13 856 0.856 Cosmic filament
14 1385 1.385 Supercluster
2.2 The s Prediction

The thirteenth harmonic scale A5 is computed directly from the fundamental scale > =4.30 + 0.15 kpc
(validated by SPARC rotation curve analysis with 15-33 km/s RMS residuals using zero free parameters per

galaxy):

A3 = Ay X o' = 4.30 kpc x (1.6180339...)" (6)

A13 = 4.30 kpc x 199.005 = 855.7 kpc = 0.856 Mpc (7)

Note: This represents a factor of ~200 (approximately two orders of magnitude) from the galactic scale A2 to the

filament scale Ais.

The uncertainty propagates as:



Q
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2) _ ) 856 Mpe x 222 = 0.030 Mpe (8)

Aia) = A
(M) = Mg x — 4.30

This yields the prediction with no additional free parameters beyond 2. and the PTA-inferred T-/Ts ratio:

I A3 =0.856 £ 0.030 Mpc (3D+3D prediction, published prior to Oxford discovery)

3. Observational Data

3.1 The Oxford Discovery

Tudorache et al. (2025) reported the discovery of a rotating cosmic filament in the COSMOS field using data
from multiple instruments: MeerK AT radio telescope (MIGHTEE-HI Early Science survey), DESI
spectroscopy, and SDSS photometry.

Table 2: Oxford Filament Observational Parameters

Parameter Value Notes

Redshift z 0.032 ~140 Mly distance

Total length 15.4 Mpc Deprojected
Characteristic radius R 0.86 + 0.04 Mpc 5th order polynomial fit
Rotation velocity 110 £ 20 km/s LOS component

HI substructure length 1.7 Mpc 14 HI galaxies

HI substructure width 36 kpc Very thin

Spin-filament alignment (HI) (|cos y|) = 0.64 £ 0.05 2.76 > ACDM
Dynamical temperature T d=1.235 Cold, coherent

3.2 The Spin-Filament Alignment Anomaly

One of the most significant findings reported by Tudorache et al. is the anomalously high spin-filament
alignment of HI-selected galaxies. For random alignment, statistical mechanics predicts {|cos y|) = 0.50. The
SIMBA hydrodynamical simulations (which include ACDM cosmology) predict values of 0.49-0.51 depending

on galaxy mass. However, the observations show:

I (|cos y|) _HI = 0.64 = 0.05 (Oxford observation)

The tension with ACDM predictions is:

0.64 — 0.50 0.14
0’ o p—
v/0.052 +0.012  0.051

=2.70 (9)




The Oxford paper explicitly states: "The degree to which we find the galaxies aligned with the filament is
significantly higher than any current simulations predict.” This represents a genuine puzzle for ACDM that the
3D+3D theory naturally resolves.

4. Statistical Analysis

4.1 Primary Test: R_filament vs A3

The central test compares the observed filament characteristic radius with the a priori 3D+3D prediction. The

tension is computed as:

Rops — A
o= [Rops — Mg b2 1?2" (10)
\VOp 0y
Substituting values:
0.86 — 0.856 0.004
| | _ — 0.08¢0 (11)

o = p—
1/0.042 +0.0302  0.050

The percentage difference is only 0.5%, with tension of 0.16. This represents remarkable agreement for a

prediction spanning two orders of magnitude from the galactic scale - to the filament scale Ais.

Table 3: Statistical Comparison Summary

[ Test Observed 3D+3D Prediction Tension
Filament radius R 0.86 £ 0.04 Mpc iz =0.856 Mpc 0.16 v
HI substructure L 1.70 Mpc 2xMs =1.71 Mpc 0.7% v
Spin alignment (HI) 0.64 £ 0.05 >0.5 (Q-field) Explained v
Spin alignment (ACDM) 0.64 £ 0.05 0.50 (random) 2.7¢ TENSION

4.2 Harmonic Structure Analysis

The thin HI substructure identified by Tudorache et al. has length L _thin = 1.7 Mpc. The 3D+3D theory predicts

that Q-field potentials should exhibit standing wave patterns at harmonic scales. The relevant prediction is:
2 X A3 =2 x 0.856 Mpc = 1.712 Mpc (12)

The fractional difference is:

|Lihin — 2\13]  |1.70 — 1.712|
213 N 1.712

— 0.7% (13)



This suggests the thin HI substructure spans exactly two wavelengths of the A5 scale, consistent with a

standing wave pattern in the Q-field potential.

4.3 Rotation Dynamics

The filament rotation velocity v_rot = 110 km/s is remarkably similar to typical galactic rotation velocities

despite spanning scales ~200x% larger. The rotation period is:

2rR 2w x (0.86 Mpc)

Thot = = 48 Gyr 14
" et 110 km/s y (14)
The number of rotations completed in the Universe's lifetime is:
tuni 13.8 Gyr
N,,,Ot — unwverse y — 0.29 ( 1 5)

Trot N 48 Gyr

The filament has not completed even one rotation, indicating it is a dynamically young, coherent structure.

5. Angular Momentum Transfer Mechanism

5.1 The Specific Angular Momentum Hierarchy

A key insight from the 3D+3D framework is that the Q-field mediates angular momentum transfer between

cosmic structures at different scales. The specific angular momentum j = v x R of the filament is:
Jfit = Vrot X R =110 km/s x 860 kpc = 94, 600 kpc\cdotpkm/s (16)

For comparison, typical galactic values are:

e Milky Way: ;] MW = 2,200 kpc-km/s

e Typical spiral: j_spiral = 750 kpc-km/s
The ratio j_fil / j_spiral = 126 indicates the filament acts as an angular momentum reservoir.

5.2 Q-field Mediated Transfer: Derivation from 6D Geometry

In the 3D+3D framework, the angular momentum coupling term:

Li=kK;-Q;-0,(p-v") (17)



emerges naturally from the Kaluza-Klein reduction of the 6D Einstein-Hilbert action (see Appendix E for

full derivation). The key steps are:

1. Rotating matter in 4D sources graviphoton fields A,(f) (off-diagonal 6D metric components)
2. The graviphotons couple to angular momentum currents

3. Integration over compact dimensions produces mixing terms between Q-fields and angular momentum

The coupling constant is derived to be:

Ry = = (18)

This coupling is scale-dependent: larger structures have stronger angular momentum coupling. The ratio

between filament and galactic scales is:

Ky(A13) <A13>2 22 4
o (Oo) " @ (19)

The filament-scale Q-field couples to angular momentum ~40,000% more strongly than the galactic Q-
field!

This explains why:

1. Filaments act as angular momentum reservoirs
2. Galaxies forming at Q-field nodes inherit the filament's spin orientation

3. The effect is stronger for gas-rich (HI) galaxies that couple more efficiently

5.3 Prediction: Differential Spin Alignment

The theory predicts that spin alignment should scale with gas fraction. For HI galaxies (high gas fraction):
A(|cos|)gr ~ 0.14

For optical galaxies (lower gas fraction):
A(|costp|)opt = 0.05

The predicted ratio ~3 matches the observed differential alignment. v/




6. Comparison with ACDM

The ACDM model provides no natural mechanism for preferential spin-filament alignment. The SIMBA
simulations predict (|cos y|) = 0.50 for HI galaxies, consistent with random alignment. The observed value of

0.64 £ 0.05 represents a 2.7¢ tension with these predictions.

Furthermore, ACDM provides no explanation for why the filament characteristic radius should be R = 0.86
Mpc rather than any other value.

Table 4: 3D+3D vs ACDM Comparison

[ Observable 3D+3D ACDM
R =0.86 Mpc v Predicted a priori (\i3) X No prediction
Spin alignment 0.64 v Q-field transfer (derived) X 2.70 tension
HI vs optical alignment v Gas coupling predicted X No mechanism
L _thin=1.7 Mpc v 2x)s standing wave X No prediction
Free parameters for filament Zero N/A

7. Discussion

7.1 Significance as Independent Consistency Check

The Oxford filament observations represent a strong independent consistency check of the 3D+3D theory.
The MeerKAT/DESI team had no knowledge of the A1s prediction, yet measured a characteristic radius

matching the theoretical value to within 0.5%.

We emphasize that this is not yet a ""validation" in the statistical sense (which would require multiple
filaments), but rather strong evidence consistent with the parameter-free prediction. Future surveys (Euclid,
WALLABY) will provide the statistical sample needed for definitive tests.

7.2 The A Priori Nature of the Prediction

It is worth emphasizing that the A3 = 0.856 Mpc prediction was:

e Derived from the ¢-ladder in Paper V (Cosmic Web Structure)
¢ Published before the Oxford filament discovery (Tudorache et al. November 2025)

e Based solely on A2 = 4.30 kpc (SPARC) and T2/Ts = 30/19 (NANOGrav)
No parameters were adjusted after seeing the Oxford data. This makes the 0.5% agreement particularly striking.

7.3 Limitations and Future Tests

Current limitations:



¢ Single filament (N=1 statistics)
e Uncertainties in polynomial fit for R

e & ] derivation assumes quasi-static limit
Future tests:

1. Euclid: Statistical sample of rotating filaments
2. WALLABY: Additional HI-detected filaments
3. Correlation with filament mass: k_J scaling prediction

4. Redshift evolution: Q-field coupling should be z-independent

8. Conclusions

We have presented a comprehensive comparison between the Oxford MeerK AT/DESI rotating filament

observations and the predictions of the 3D+3D discrete spacetime theory. The key findings are:

1. A3 Consistency: The observed filament radius R = 0.86 + 0.04 Mpc matches the a priori prediction iz =
0.856 Mpc with only 0.16 tension (0.5% difference).

2. Spin Anomaly Explained: The spin-filament alignment excess ({|cos y|) = 0.64, 2.7c above ACDM) is

naturally explained by Q-field angular momentum transfer, with the coupling derived from 6D geometry.

3. Harmonic Structure: The HI substructure length L _thin = 1.7 Mpc matches 2xs = 1.71 Mpe to within
0.7%.

4. Scale-Dependent Coupling: The derived relation k_J « A_n? explains why filaments transfer angular

momentum to galaxies (not vice versa).

These results provide strong evidence consistent with the 3D+3D theoretical framework from a completely
independent observational program. Combined with previous validations from SPARC rotation curves, SLACS
gravitational lensing, and NANOGrav pulsar timing, the cumulative evidence supports the geometric

interpretation of dark matter phenomena through extra temporal dimensions.
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Appendix A: Mathematical Derivation of A3

[Same as v1.0]

Appendix B: Complete Scale Ladder

[Same as v1.0]

Appendix C: Observational Summary

Ve

OBSERVABLE | OBSERVED | 3D+3D PREDICTED | STATUS
Filament radius R | 0.86+0.04 Mpc | Az =0.856 Mpc | v 0.1

Rotation velocity v_rot | 110 km/s | ~V_r0t(galaxies)| v MATCH

Spin alignment (HI) | 0.64+0.05 | >0.5 (Q-field) | v 2.7c EXCESS
Spin alignment (ACDM) | — | 0.50 | X 2.76 TENSION

HI substructure length | 1.70 Mpc | 2x03=1.71 Mpc | v 0.7%

Dynamical temperature | T d=1.24 | Cold (coherent) | v MATCH

Appendix D: Python Analysis Code

[Same as v1.0]




Appendix E: Derivation of &£ J from 6D Geometry

E.1 The Problem

In Section 5.2, we introduced the angular momentum coupling:

Lri=kr Qi 0u(p-v")

We show here that & J emerges naturally from the Kaluza-Klein reduction of the 6D Einstein-Hilbert

action.
E.2 6D Metric with Rotation
For rotating matter, the 6D metric acquires off-diagonal components (graviphotons):

dsip = gudz'de” + 24V datdr; + gy, dridT;

where:

E.3 Angular Momentum as Graviphoton Source

The 6D energy-momentum tensor has mixed components:

THT — LJN
R, (m)

where J. (’j_ ) is the angular momentum current.
E.4 Kaluza-Klein Reduction

The 6D Einstein-Hilbert action reduces to:

M2
Sip = 2 / d'ov/=g[R+ Lo+ La+ Lonia]

The mixing term is:

1
= —0:. H
Loi = 37 VaT}y



E.S Deriving x_J

Integrating out the graviphoton in the quasi-static limit:

Lri=kr Qi 0u(p-v")

with:

E.6 Physical Consequence: Scale-Dependent Coupling

The ratio of couplings at different scales:

2
M: (ﬁ) = ¢ ~ 4 x 10
K‘,J()\z) )\2

Filaments couple 40,000% more strongly to angular momentum than galaxies.
This explains:

¢ Why filaments are angular momentum reservoirs
e Why galaxies inherit spin from parent filaments

e Why HI galaxies show stronger alignment (higher gas coupling)

E.7 Consistency Checks

v Dimensional analysis correct
v No rotation > £ J — 0
v Uniform Q — no transfer

v R _i— o — GR recovered

— End of Paper XXI vI.1 —
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Changelog v1.0 — v1.1
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Section Change Rationale

Title "validation" — "consistency check" More conservative terminology
Abstract Added "published prior to Oxford" Emphasize a priori nature

§1 Added timing note Clarify prediction was before data
§2.1 Clarified ¢ from PTA data Address "parameter-free" concern
§2.2 "11 orders" — "two orders" Correct magnitude statement

§5.2 Full & J derivation No longer "phenomenological"
§7 "validation" — "consistency check" Conservative language

App E New appendix Rigorous 6D derivation




