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1.2 Abstract

The 3D+3D framework derives the Weinberg angle from six-
dimensional geometry as \(\sin”2\theta W = (3-\varphi)/6 =
0.23033\), where \(\varphi\) is the golden ratio. Combined
with standard electroweak relations and SM radiative
corrections, this yields a W boson mass prediction:

\[\boxed{m W~ {(3\text{D}+3\text{D})} = 80.403 \pm
0.010 \text{ GeV}}\]
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which is 46 MeV above the Standard Model global fit
prediction (\(80.357 \pm 0.006\) GeV) and 30 MeV below
the CDF Il measurement (\(80.434 \pm 0.009\) GeV). The
geometric shift arises because \
(\sin”~2\theta W" {(\text{geom})} = 0.23033\) is \(0.089\)
percentage points below the SM best-fit value \(0.23122)),
and in the \(m_W\) formula lower \(\sin”2\theta W\) implies
higher \(m W\) with sensitivity \(dm_ W/d(\sin"2\theta W)
\approx -52\) GeV.

The 3D+3D prediction is consistent with the PDG 2024
world average (\(80.369 \pm 0.013\) GeV) at \(2.1\sigma\)
and with the ATLAS 2024 measurement (\(80.367 \pm
0.016\) GeV) at \(1.6\sigma\). If the CDF II anomaly is
confirmed by future measurements, the geometric shift
accounts for \(\sim 60\%)\) of the excess, potentially
indicating additional new physics. If the current world
average is correct, the geometric prediction provides a
precision test at the 50 MeV level — well within the
sensitivity of upcoming measurements at the LHC and FCC-
ee.

W Boson Mass from 6D Geometry

1.3 1. Introduction

1.3.1 1.1 The W Boson Mass Puzzle

The mass of the W boson is one of the most precisely
predicted quantities in the Standard Model, sensitive to
radiative corrections from the top quark, Higgs boson, and
potentially new physics. The experimental landscape as of
early 2026 presents a nuanced picture:

m n in
Measurement \((Ge;/,‘;v\) :JMz‘ell)*ta ty Reference
CDF 1II (2022) 80.4335 9.4 [1]
ATLAS (2024) 80.3665 15.9 [2]
LHCD (2022) 80.354 32 [3]
DO (Tevatron) 80.375 23 [4]
LEP combined 80.376 33 [5]
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U rtaint
Measurement \(((:1;;7\;\7\) (1\1/[12\67) ainty Reference
PDG 2024
80.3692 13.3 [6]
average
SM global fit 80.357 6 [7]

The CDF II measurement deviates from the SM prediction
by \(\sim 7\sigma\) [1], while ATLAS and LHCDb are
consistent with the SM. The tension between CDF II and
other measurements has led to intense scrutiny of
systematic uncertainties.

1.3.2 1.2 The 3D+3D Geometric Prediction

In the 3D+3D framework, the Weinberg angle is not a free
parameter but a consequence of the \(\text{Spin}(3,3)\)
symmetry of six-dimensional spacetime [8,9]:

\[\sin~2\theta W = \frac{N {\text{time}} - \varphi}{D} =
\frac{3 - \varphi}{6} = 0.23033 \tag{1.1}\]

This geometric determination, combined with the standard
electroweak relation \(m_ W = m_Z \cos\theta W\) (plus
radiative corrections), yields a definite prediction for \
(m_W\).

1.4 2. Derivation of the W Boson Mass

1.4.1 2.1 Tree-Level Prediction
At tree level in the SM:

\[m W =m Z \cos\theta W =m Z\sqrt{l - \sin”~2\theta W}
\tag{2.1}\]

With the geometric Weinberg angle:

\Im W~ {(\text{tree})} = 91.1876 \times \sqrt{1 - \frac{3-
\varphi}{6}} = 91.1876 \times \sqrt{\frac{3+\varphi}{6}}
\tag{2.21\]

Numerical evaluation:
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\[m W~ {(\text{tree})} = 91.1876 \times \sqrt{0.76967} =
91.1876 \times 0.87731 = 80.00 \text{ GeV} \tag{2.3}\]

This tree-level result is \(\sim 0.37\) GeV below the
experimental value, as expected — radiative corrections are
essential.

1.4.2 2.2 Including SM Radiative Corrections

The full SM prediction for \(m_W\) depends on \
(\sin~2\theta W\), \(m _t\), \(m_H)\), \(\alpha s\), and \

(\alpha {\text{em}}\) through the radiative correction
parameter \(\Delta r\). Rather than recomputing \(\Delta r\)
from scratch, we use the known SM prediction as a baseline
and compute the shift due to the geometric \
(\sin”™2\theta W\).

The sensitivity of \(m W\) to \(\sin”"2\theta W\) at tree level:

\[\frac{dm W} {d(\sin™2\theta W)} = -\frac{m Z}{2\sqrt{1
-\sin”2\theta W} } \approx -52.0 \text{ GeV} \tag{2.4}\]

The geometric shift:

\[\delta(\sin~2\theta W) = \sin”2\theta W~ {(\text{geom})}
-\sin”~2\theta W™ {(\text{SM})} = 0.23033 - 0.23122 =
-0.00089 \tag{2.5}\]

The predicted shift in \(m_W\):

\[\delta m W = -52.0 \times (-0.00089) = +0.046
\text{ GeV} = +46 \text{ MeV} \tag{2.6}\]

1.4.3 2.3 The Complete Prediction

Starting from the SM global fit prediction \
(m W™ {(\text{SM})} = 80.357 \pm 0.006\) GeV [7]:

\Im_ W~ {(3\text{D}+3\text{D})} = m W~ {(\text{SM})} +
\delta m W = 80.357 + 0.046 = 80.403 \text{ GeV}
\tag{2.7}\]
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The uncertainty includes: - SM parametric uncertainty: \
(\pm 6\) MeV - Geometric \(\sin”2\theta_ W\) uncertainty
from higher-order corrections: \(\pm 5\) MeV - Sensitivity to
\(\delta m W\) calculation (higher-order terms): \(\pm 5\)

MeV

\[\boxed{m W~ {(3\text{D}+3\text{D})} = 80.403 \pm

0.010 \text{ GeV}} \tag{2.8}\]

1.5 3. Comparison with Experiment

1.5.1 3.1 Summary Table

Source \(m_W\) \(\Delta\) vs 3D+3D Tension
(GeV) (MeV)

3D+3D 80.403 =
prediction 10
SM global fit 80.357 = 6 —46 3.90
PDG 2024

620 80.369 = 13 -34 2.10
average
ATLAS (2024) 80.367 = 16 —-36 1.90
LHCDb (2022) 80.354 + 32 —-49 1.50
CDF II (2022) 80.434 + 9 +31 2.30

1.5.2 3.2 Interpretation

The 3D+3D prediction sits between the SM value and the
CDF Il measurement:

\[Im W~ {(\text{SM})} < m W"{(\text{PDG})} <

m W™ {(3\text{D}+3\text{D})} <m W~ {(\text{CDF})}

\tag{3.1}\]

\[80.357 < 80.369 < 80.403 < 80.434 \tag{3.2}\]

Three scenarios:




3D+3D Theory W Boson Mass from 6D Geometry

Scenario A: CDF 11 is correct (\(m_W \approx 80.434\)
GeV) The geometric shift accounts for \(46/76 \approx 61\%
\) of the anomaly. The remaining \(\sim 30\) MeV would
require additional new physics (possibly from 6D operators
or additional geometric effects not yet computed).

Scenario B: PDG average is correct (\(m_W \approx
80.369\) GeV) The 3D+3D prediction is \(34\) MeV high —
a \(2.1\sigma)) tension that is noteworthy but not decisive.
Future measurements with 5-10 MeV precision will resolve
this.

Scenario C: SM prediction is correct (\(im_W \approx
80.357\) GeV) The 3D+3D prediction is \(46\) MeV high —
a \(3.9\sigma\) tension. This would require either: (i) the
geometric \(\sin”2\theta W\) receives additional
corrections, or (ii) the framework’s coupling to the
electroweak sector needs refinement.

1.5.3 3.3 The Physical Origin of the Shift

The geometric shift is intuitive: the 3D+3D framework
predicts \(\sin”~2\theta W = 0.2303\), which is smaller than
the SM value \(0.2312\). A smaller \(\sin”"2\theta W\) means
stronger \(W\)-\(Z\) mixing, which increases \(m_W\) relative
to \(m_Z\).

Equivalently, in terms of the \(W/Z\) mass ratio:

\[\frac{m W}{m Z}\bigg| {\text{geom}} = \sqrt{\frac{3+
\varphi}{6}} = 0.8773 \tag{3.3}\]

\[\frac{m W}{m Z}\bigg| {\text{exp}} = \frac{80.369}
{91.188} = 0.8814 \tag{3.4}\]

The 0.47% difference is the combined effect of radiative
corrections and the geometric Weinberg angle.
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1.6 4. Connection to Other Electroweak
Observables

1.6.1 4.1 The \(\rho\) Parameter and Scheme
Dependence

In the on-shell renormalization scheme, \
(\sin”~2\theta W™ {(\text{OS})} \equivl - m W"2/m Z"2)),
and the \(\rho\) parameter is \(\rho \equiv 1\) by
construction. The physical content of the 3D+3D prediction
is that the \(\overline {\text{MS}}\) value \(\sin™2\theta W
= (3-\varphi)/6 = 0.2303)\) differs from the on-shell value:

\[\sin~2\theta W~ {(\text{OS})} = 1 - \frac{m W~2}
{m 7272} =1 -\frac{80.40372}{91.18872} = 0.2224
\tag{4.1}\]

The difference \(\sin”™2\theta W* {(\overline{\text{MS}})} -
\sin”~2\theta W™ {(\text{OS})} = 0.2303 - 0.2224 = 0.0079\)
is the standard scheme-conversion factor, consistent with
SM radiative corrections. This confirms that the geometric
Weinberg angle is naturally identified with the \
(\overline{\text{ MS}}\) definition at the electroweak scale.

1.6.2 4.2 The \(S)), \(T\), \(U\) Parameters

In the Peskin-Takeuchi framework [10], the 3D+3D shift in \
(m_W\) corresponds to an oblique correction primarily in the
\(T\) parameter:

\[\delta T \approx \frac{\deltam W"2}{m W~"2
\alpha {\text{em}}} \approx \frac{2 \times 80.4 \times
0.046}{80.4"2 \times 0.00782} \approx 0.15 \tag{4.3}\]

This is compatible with the experimental constraint \(T =
0.07 \pm 0.12\) [7] at the \(\sim 0.7\sigma\) level. The
geometric contribution mimics a positive \(T\) parameter,
similar to models with heavy fermion doublets.
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1.6.3 4.3 Implications for the Muon \(g-2\)

As shown in the companion paper [11], the geometric
Weinberg angle produces a sub-dominant contribution to \
(a_\mu)) of only \(+0.2 \times 10"~ {-11}\) — negligible
compared to the muon \(g-2\) experimental precision. The \
(m_W)\) prediction and the \(g-2\) prediction are therefore
independent tests of the framework.

1.7 5. The CDF II Anomaly: Can Geometry
Explain It?

1.7.1 5.1 Quantitative Assessment

The CDF II excess over the SM prediction is:

\[\Delta m W™ {(\text{CDF})} = 80.434 - 80.357 = +77
\text{ MeV} \tag{5.1}\]

The 3D+3D geometric shift is:

\[\delta m W~ {(3\text{D}+3\text{D})} = +46 \text{ MeV}
\tag{5.21\]

The geometric effect accounts for \(46/77 = 60\%)\) of the
CDF anomaly. The remaining \(31\) MeV excess has several
possible origins:

1. CDF II systematic uncertainty: The measurement
involves complex modeling of W production and decay,
and independent reanalyses have questioned some
aspects of the CDF systematic budget [12].

2. Additional 6D effects: Higher-order corrections from
KK modes or Q-field vacuum effects that we have not
computed.

3. Genuine new physics: If confirmed, the remaining
excess could point to additional BSM contributions (e.g.,
from heavy Higgs doublets, vector-like fermions, or dark
sector couplings).
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1.7.2 5.2 The 2024-2025 Experimental Resolution

The ATLAS 2024 measurement [2] and CMS preliminary
results suggest that the CDF II anomaly may be a
systematic effect:

\[m_ W~ {(\text{ATLAS})} - m W~ {(\text{SM})} = 80.367 -
80.357 = +10 \pm 16 \text{ MeV} \tag{5.3}\]

consistent with zero excess. If this is confirmed, the 3D+3D
geometric shift becomes a precision prediction testable at
future facilities.

1.8 6. Future Experimental Tests

1.8.1 6.1 LHC Run 3

ATLAS and CMS aim for \(m_W)) precision of \(\sim 10\)
MeV per experiment by the end of Run 3. Combined with
existing data, the world average uncertainty could reach \
(\sim 8\) MeV, providing a \(5\sigma\) test of the 46 MeV
geometric shift.

1.8.2 6.2 FCC-ee (Tera-Z and WW Threshold)

The FCC-ee program would measure \(m_W\) to \(\sim 0.5\)
MeV precision through WW threshold scans [13]. This would
provide:

\[\frac{\delta m W~ {(3\text{D}+3\text{D})}}
{\sigma_ {\text{FCC-ee}}} = \frac{46}{0.5} = 92\sigma
\tag{6.1}\]

— a completely decisive test. Even if the geometric shift is
reduced by higher-order corrections, FCC-ee would
distinguish between \(\sin”2\theta W = 0.2303\) and
\(0.2312\) with overwhelming significance.
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1.8.3 6.3 CEPC

The Circular Electron-Positron Collider (CEPC) targets \
(m_W\) precision of \(\sim 1\) MeV, providing a \(46\sigma\)
test.

1.8.4 6.4 Combined Electroweak Fit

The geometric Weinberg angle \(\sin”2\theta W = (3-
\varphi)/6\) makes correlated predictions for multiple

observables:
SM 3D+3D
Observable .. L. Shift
prediction | prediction
80.357 + 80.403 =
\Y +46 MeV
\(m_W\) (GeV) 0.006 0.010 6 Me
\ 0.23153 +=
(\sin™2\theta W~ {\text{eff}} ) - 0.23033 —0.00120
0.00004
\)
2.4942 + 2.4955 + +1.3
VA \Y
\(Gamma_Z}) (GeV) 0.0009 0.001 MeV
0.1030 = 0.1042 +
A FB}}~{o0, +0.0012
\(A_{\text{FB}}"~{0,b}\) 0.0002 0.0003 0.00

A global electroweak fit using \
(\sin”~2\theta W™ {(\text{geom})}\) as input (rather than a
free parameter) would test the consistency of the entire
framework.

1.9 7. Falsification Criteria

1.9.1 7.1 Definitive Tests

1. If \(m_W)) is measured with precision \(\pm 2\) MeV and
the central value is \(< 80.380\) GeV (i.e., \(> 10\sigma\)
below our prediction) — the geometric \(\sin”2\theta W\)
would be excluded at \(> 5\sigma).

10
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2. If \(\sin™2\theta W™ {\text{eff}}\) is measured at FCC-
ee with precision \(\pm 0.000005\) and deviates from
\(0.2303\) by \(> 5\sigma\) — the geometric derivation is
falsified.

3. If the CDF II result is confirmed by independent
measurements and \(m W > 80.43\) GeV - the 3D+3D
prediction falls short by \(\sim 30\) MeV, requiring
additional effects.

1.9.2 7.2 Confirmation Criteria

1.\(m W = 80.40 \pm 0.01\) GeV at LHC Run 3 - strong
confirmation

2. \(\sin™2\theta W~ {\text{eff}} = 0.2303 \pm 0.0001\) —
decisive confirmation

3. Correlated shifts in \(\Gamma Z\), \(A_{\text{FB}}\)
consistent with geometric \(\sin”~2\theta W\) -
framework validated

1.10 8. Conclusions

We have derived the W boson mass prediction of the 3D+3D
framework:

\[\boxed{m W~ {(3\text{D}+3\text{D})} = 80.403 \pm
0.010 \text{ GeV}} \tag{8.1}\]

arising from the geometrically determined Weinberg angle \
(\sin”~2\theta W = (3-\varphi)/6 = 0.23033\) combined with
SM radiative corrections. The key results are:

1. The geometric shift \(\delta m W = +46\) MeV above the
SM prediction is a genuine prediction of the
framework, not a fit.

2. This shift is in the same direction as the CDF II
anomaly, accounting for \(\sim 60\%\) of the excess.
However, the CDF anomaly appears to be a
measurement systematic given ATLAS 2024 results.

11
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3. The prediction is currently consistent with the PDG
world average (\(2.1\sigma\)) and ATLAS (\(1.6\sigma)),
making it a precision test rather than a discovery
channel.

4. Future measurements at LHC Run 3 (\(\sim 8\) MeV
precision) and FCC-ee (\(\sim 0.5\) MeV) will provide
decisive tests.

5. The W mass prediction is correlated with other
electroweak observables through \
(\sin~2\theta W~ {(\text{geom})}\), enabling a
comprehensive test through the global electroweak fit.

The W boson mass thus serves as one of the sharpest
precision tests of the 3D+3D framework at the electroweak
scale — complementing the galactic-scale tests from
rotation curves and the cosmic web predictions for Euclid/
DESI.
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1.13 Appendix A: Verification Code

import numpy as np

phi = (1 + np.sqrt(5)) / 2
MZ = 91.1876
sin2tW geom = (3 - phi) / 6

sin2tW SM = 0.23122
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# Tree-level prediction
mW _tree = MZ * np.sqrt(l - sin2tW _geom)
print(f"Tree-level: m W = {mW_tree:.4f} GeV")

# Sensitivity

dmW ds2 = -MZ / (2 * np.sqrt(l - sin2tW SM))
delta s2 = sin2tW geom - sin2tW SM

delta mW = dmW ds2 * delta s2

# Full prediction
mW SM = 80.357 # GeV (global EW fit)
mwW 3D3D = mW SM + delta mW

print(f"SM prediction: m W = {mW_SM} GeV")
print(f"Geometric shift: &m W = {delta _mW*1000:+.1f} MeV")
print(f"3D+3D prediction: m W = {mW _3D3D:.3f} GeV")

— End of Paper —
3D+3D Laboratory, Abbiategrasso, Italy

“Non facciamo le cose a meta!”
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