
Fermion Chirality from Non-Bipartite Topology:

Resolving the Doubling Problem via Lattice Saturation

Raghu Kulkarni

Independent Researcher∗

(Dated: January 28, 2026)

We present a rigorous resolution to the Nielsen-Ninomiya “No-Go” theorem by deriv-

ing fermion chirality from the non-bipartite topology of a saturated cuboctahedral vacuum

(K = 12). Standard hypercubic discretizations of the Dirac equation inevitably produce

spurious mirror fermions due to the bipartite symmetry of the grid. We demonstrate that a

Face-Centered Cubic (FCC) lattice, formed of simplicial tetrahedra, introduces topological

frustration that breaks this symmetry. By explicitly constructing the discrete Dirac operator

and specifying the Γj matrices as spin projections along the 12 bond directions, we evaluate

the dispersion relation across the first Brillouin zone. We show that while the physical mode

at the Γ-point is massless, doubler modes at the L and X points are lifted to the Planck

cutoff. To validate this geometric framework, we derive the bare Higgs coupling λ ≈ 0.125

from the ratio of surface-to-volume configurations, predicting a mass of 123.11 GeV.
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I. INTRODUCTION

The discretization of fermion fields on a lattice is a foundational challenge in quantum field the-

ory. The Nielsen-Ninomiya theorem states that any local, translationally invariant, and Hermitian

lattice action must possess an equal number of left- and right-handed fermions, provided the lattice

is bipartite. This “doubling problem” has historically necessitated artificial constructs like Wilson

mass terms to recover the chiral nature of the Standard Model.

In this work, we propose that the vacuum is not a hypercubic grid but a saturated cuboctahedral

lattice (K = 12) emerged via the Selection-Stitch Model (SSM)[cite: 1]. We prove that the Non-

Bipartite Topology of this simplicial lattice naturally suppresses doublers, providing a geometric

origin for chirality.
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II. THE SPINOR SECTOR: MATTER AS BRAIDS

Matter is modeled as directed topological twists or braids[cite: 7]. The discrete Dirac operator

D must preserve the directional information of the stitch while satisfying D2 = −∇2 to recover the

energy-momentum relation E2 = p2.

A. Explicit Construction of the Dirac Operator

The SSM vacuum is Face-Centered Cubic (FCC), defined by the 12 nearest-neighbor vectors

nj . These vectors are permutations of a√
2
(±1,±1, 0). We define the discrete Dirac operator in

momentum space as:

DSSM (k) =
12∑
j=1

Γje
ik·nj (1)

where the Γj matrices represent spin projections along the bond directions:

Γj = γ · n̂j = γ1n̂x
j + γ2n̂y

j + γ3n̂z
j (2)

Here, n̂j = nj/|nj | are the 12 unit vectors directed toward the nearest neighbors of the cuboctahe-

dral cell.

B. Evading the Nielsen-Ninomiya Theorem

On a hypercubic lattice, the k → k + π symmetry creates zeros at the zone corners. The FCC

lattice, however, is formed of tetrahedra containing triangular faces (odd cycles of length 3).

• Topological Frustration: It is mathematically impossible to two-color a triangle; therefore,

the lattice is Non-Bipartite[cite: 7].

• Symmetry Breaking: The shift k → k + π is not a symmetry of the Hamiltonian because

the odd loops introduce non-canceling phase factors.
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III. DISPERSION ANALYSIS AND ZONE BOUNDARY LIFTING

The energy spectrum is derived from the eigenvalues of the operator. The squared energy E(k)2

is given by:

E(k)2 = tr

∑
j,m

ΓjΓmeik·(nj−nm)

 =
12∑
j=1

(1− cos(k · nj)) +
∑
j ̸=m

(n̂j · n̂m) cos(k · (nj − nm)) (3)

The second term represents the “Cross Terms” arising from the non-orthogonal basis of the FCC

lattice.

A. Evaluation at High-Symmetry Points

We evaluate the dispersion at the critical points of the first Brillouin zone:

• Γ-Point (0, 0, 0): cos(0) = 1, yielding E = 0. This is the physical massless fermion.

• L-Point π
a (1, 1, 1): Substituting kL into the summation with nj =

a√
2
(±1,±1, 0):

E(kL)
2 ∝

12∑
j=1

(
1− cos

(
π√
2
(±1± 1 + 0)

))
= 12−

∑
cos(. . . ) ≈ O(1/a2) (4)

The specific geometry ensures the sum of cosines does not vanish, lifting the mode to the

cutoff scale[cite: 7].

Point k-vector Effective Mass E(k)

Γ (0, 0, 0) 0 (Physical)

X 2π
a (1, 0, 0) ∼ 1/a (Decoupled)

L π
a (1, 1, 1) ∼ 1/a (Decoupled)

W 2π
a (1, 1

2 , 0) ∼ 1/a (Decoupled)

TABLE I. Mass lifting at high-symmetry points of the FCC Brillouin zone.

IV. THE HIGGS SECTOR: LATTICE FREEZING

The Higgs coupling λ is derived from the configuration space of the cuboctahedral voxel[cite:

7].
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• Volume (NV ): Based on the Hausdorff dimension (D = 3) and connectivity (K = 12), the

phase space volume is Ω = 123 = 1728[cite: 7].

• Surface (NS): Due to C3 symmetry matching between chiral knots and triangular faces,

the effective constraint is NS = 108[cite: 3].

Applying the Face-Sharing Theorem to account for interface sharing[cite: 7]:

λgeo = 2× 108

1728
= 0.125 =⇒ mh = 123.11 GeV (5)

The experimental mass of 125.10 GeV is consistent within a 1.6% margin[cite: 7].

V. CONCLUSION

The non-bipartite topology of the cuboctahedral vacuum provides a rigorous geometric solution

to the fermion doubling problem. This framework derives the Standard Model parameters from

first principles, verified by the Higgs mass prediction.
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