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Section 6. Spin as Torsional Wave Topology (SU(2) from Torsion)

This section develops the CUWF origin of intrinsic spin as a topological property of the underlying
wave field. The central proposal is that spin is neither classical rotation nor a primitive representation
label, but a stable torsional topology class of the field configuration. Quantization follows because
topology classes are discrete and robust; half-integer structure and 4TT periodicity follow because
torsional configurations admit a double-valued lift under 2TT rotations, naturally giving rise to SU(2)
language. The section is written to remain self-contained for readers encountering CUWF for the first

time.

6.1 Definition: torsional topology variable

To make the CUWF construction of spin explicit, we introduce a torsional topology marker that plays,
for spin, the same foundational role that phase winding played for charge. The key requirement is that
the marker must be: (i) invariant under smooth local deformations, (ii) discrete in classification, and (iii)
sensitive to twist rather than to ordinary phase winding. In topological language, spin will correspond to

a class of torsional configurations of the field.

Minimal representation. Let the CUWF field carry, in addition to amplitude A(x) and phase e(x), an
internal orientation structure capable of supporting twist. Without committing to a complete
microscopic model, define a local torsion frame n(x) as a unit vector, or more generally a local
orthonormal triad, specifying internal orientation. The pair (e(x), n(x)) therefore provides the minimal

data required to describe both phase and torsion.

In A-17 we adopt the following invariant standard as the spin marker:

T(C) :(7/2n)ﬂ5_cw-o//
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where () is an effective torsion (twist) connection describing how the internal frame n(x) rotates when
transported along a path, and C is a closed loop encircling the relevant topological anchor (defect /

collapse node).

Interpretation. T(C) measures net torsional twist accumulated around a closed loop. Like phase
winding, it is insensitive to smooth deformations of the loop that do not cross a defect. Different values

of T label distinct torsional topology classes.

Discrete classification. In the simplest stable scenario, torsional classes are distinguished by a discrete

set of values, typically half-integers:
TE({.. -3>2 -12, +1/2,+3/2, ...}

This is not yet derived; it is the classification we aim to justify from stability and compatibility
constraints. The key point is that torsion admits double-valuedness under 2TT rotations because an

internal frame can return to itself only after 4TU in the presence of a nontrivial torsional topology class.

Operational note. Readers may interpret (W as an effective SU(2)-like connection and n(x) as an
internal orientation variable. CUWF’s claim is that these objects are not postulated as fundamental
symmetry structures; they emerge as the minimal geometry required for consistent torsion transport. In
this sense, W is not an additional gauge field but the minimal geometry required for consistent torsion

transport.

6.2 Spin quantization from stable torsion classes

The CUWF quantization mechanism mirrors the charge case but with torsion replacing phase. The

argument has three steps.

(1) States are stable topology classes. A spin state is not defined as an eigenvalue by assumption; it is
defined as a stable torsional topology class of the field configuration. Stability means that small

perturbations can deform the configuration continuously without changing its torsion class.

(2) Discreteness arises from topology. Torsional classes cannot vary continuously; they can change

only through non-smooth transitions that pass through a singular configuration, for example defect
]
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reconnection or collapse-node reconfiguration. Therefore measured spin values must be discrete, just
as charge winding numbers are discrete. This mirrors classification by homotopy classes rather than

by eigenvalues.

(3) Transitions require crossing an entropic barrier. Changing torsion class requires a process that
temporarily destroys compatibility of torsion-frame transport, violating local compatibility and
producing a high entropic cost. This gives a structural reason spin is robust and conserved under
ordinary conditions. Only sufficiently strong interactions can induce topology-class transitions, which

appear effectively as quantized spin flips or emission/absorption processes.

Thus, in CUWF, quantization is not imposed by representation theory; it is enforced by topological

stability of torsional classes on the entropic manifold.

6.3 Spin-1/2 and 4TX periodicity — Maximally Formal Derivation
A central experimental fact is that spin-1/2 systems exhibit 4TTU periodicity: a 2TT rotation does not
return the state to itself; only a 4TU rotation does. Standard quantum theory expresses this by
representing spin states as SU(2) spinors, with SU(2) the double cover of SO(3). CUWF aims to
reproduce this feature without postulating spinors as primitive. The present derivation makes three
elements explicit: (1) a quaternion representation of torsion states, (2) the explicit lift of a 2TT rotation
from SO(3) to S?, and (3) the emergence of Pauli matrices as generators of SU(2) acting on torsion
states.
6.3.1 Torsion state as a unit quaternion
Represent a torsion state by a unit quaternion L|J € s
L,D =a+bi+tcj+tdk with a*+b*+c?+d?=1
where {i, j, k} satisfy the quaternion algebra:
2= =k2=lik=-1
ij=k

]
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ji=-k
and cyclic permutations.

This representation is not chosen for convenience alone; it is the minimal algebra that simultaneously

encodes orientation and accumulated torsional twist. The space of all such LIJ is exactly S°.

6.3.2 Physical rotations as left action of unit quaternions

A physical rotation by angle (I) about a unit axis n is represented in SO(3) by R(n, (I)). In the quaternion

picture, the corresponding element of S* is
uin, @) = cos(P/2) + (n_xi+n_yj+n_zk) sin((p/2).
The action of a physical rotation on the torsion state is taken to be
L/J —>u L/J

This is a left action of SU(2) on S°. The same physical rotation R corresponds to both u and -u in S2,

reflecting the double cover.

6.3.3 Explicit lift of a 2T rotation

Consider a rotation by angle (I) about a fixed axis n. The corresponding quaternion path is
u(P) = cos(P/2) + n sin(Pp/2), with @ € [0, 21T].

At =0: u(0)=1.

At = 2TT: u(2TT) = cos(TT) + n sin(TT) = -1.

Thus, the lifted path in S® begins at +1 and ends at -1. Therefore, a 2TT rotation in SO(3) lifts to a non-
closed path in S°. Now extend to @ € [0, 4TU:

U(4It) = cos(2Jt) + n sin(2IT) = +1.

Hence only a 4Tt rotation returns l.|J to itself. This proves 4Tt periodicity as a direct consequence of the

S® representation of torsion states.
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6.3.4 Projection back to SO(3)

The physical rotation corresponding to u is obtained by the map

TT(u): v —>uvu~(-1),

where v is a pure imaginary quaternion representing a spatial vector. Since
(-u) v (u)™(-1) =u v ur(-1),

both u and -u represent the same physical rotation in SO(3). This makes explicit the two-to-one nature

of the projection S* — SO(3).

6.3.5 Emergence of SU(2) generators (Pauli matrices)

Infinitesimal rotations correspond to quaternions close to identity:
U 1+(EX+jEYy+KkE 2)2.
Acting on LIJ gives
Y— (1+(Ex+jEy+kE 2R Y.

Identifying the linear operators acting on LIJ with matrices, the generators of this transformation are the

Pauli matrices:
O _x=[[0, 1], [1, 0]
O_y =IO, -, [i, 01
O _z=[[1,0],[0,-1]]
Therefore, the standard spin-1/2 algebra arises as the Lie algebra of SU(2) acting on the torsion state
Y € s
6.3.6 Spin operators and measurement as projection

Define the spin operator along axis n as

S.n=Mhp) n- o).
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In CUWF interpretation, S_n does not create spin; it projects the underlying torsion state LIJ onto the
measurement axis n. The eigenvalues +hr2 correspond to two possible projections of the same torsion
class. The quantization of spin is thus inherited from the discrete homotopy structure of S® under

identification l]J ~ —l]J, not from an independent postulate of operator spectra.

6.3.7 Topological meaning of double-valuedness

The minus sign acquired under 2TT rotation is not a physical phase observable in space; itis a
bookkeeping of torsion topology. Two states LIJ and —LIJ represent the same classical orientation but
distinct torsion classes until a full 4Tt loop is completed. This is the precise sense in which spin-1/2 is

topologically double-valued.

6.3.8 Connection to previous sections

Section 6.1: LIJ € S?is the refined realization of the torsional topology variable.
Section 6.2: stability of l.|J under smooth deformations explains conservation of spin class.
Section 5: “up/down” corresponds to projection of LIJ onto a chosen axis, not literal spatial arrows.

6.3.9 Ultimate Rigor Layer: topology, holonomy, and exchange sign
This final refinement adds the last layer of mathematical sharpness needed for an arXiv-level reader: (i)
a precise topological statement about rotations, (ii) a holonomy formulation for torsion transport, and

(iii) an exchange-path argument that anticipates fermionic antisymmetry.
Fundamental-group statement:

T11(SO(3)) = Z5.
Meaning. Closed loops in SO(3) fall into two homotopy classes: (1) the trivial class (contractible loops),
and (2) the nontrivial class (non-contractible loops), with composition rule “nontrivial + nontrivial =
trivial,” i.e. the Zy structure. Consider the loop in SO(3) obtained by rotating a rigid body by angle d)
about a fixed axis, with (I) running from 0 to 2TT and endpoints identified. This loop is in the nontrivial

homotopy class. Two traversals of the same loop, equivalently a 4TT rotation, are homotopic to the

trivial loop. Hence 2TU is topologically nontrivial while 4TU is trivial.

]
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Auditable sketch. There exists a universal covering map p: SU(2) — SO(3)

with kernel {lI}. Since SU(2) is simply connected and homeomorphic to S*, the fundamental group of
SO(3) is isomorphic to the kernel of the covering, hence Z5. The two classes correspond to whether
the lifted path in SU(2) ends at +1 or -I.
6.3.10 Holonomy formulation: torsion connection and Z loop memory
Define a torsion connection W, an su(2)-valued 1-form, governing parallel transport of the torsion state
LIJ along a path Y:
d/ds = - w_s Y,
where W_s = W_(x(s)) (dx"/ds).

The associated path-ordered transport operator (holonomy) is

U[Y] = P exp(- /;V w).
For a closed loop C, the holonomy U[C] measures the net torsion-frame rotation acquired by LI) after

transport around C. In the spin-1/2 topology, loops associated with a 2TT physical rotation, or with

encircling a torsional defect, can yield the central element
Ufcy =,
while loops in the trivial class yield
UfCJ = +I.
Because #l lie in the center of SU(2), this sign cannot be removed by smooth local redefinitions; it is a

genuine topological memory of torsion transport. Thus spin-1/2 corresponds to Zz-valued holonomy

classes
U[C] € {+1, -1}.

This makes the mechanism checkable: 4TT periodicity is equivalent to the statement that concatenating

two nontrivial loops gives trivial holonomy class, (-I)(-) = +I.

]
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6.3.11 Exchange topology and fermionic sign

The standard fermionic exchange sign is often introduced by postulating antisymmetry of the
wavefunction. In the present framework it can be sketched structurally from torsion topology. Consider
two identical localized torsion-carrying excitations and an exchange process in which their positions
are adiabatically swapped. The exchange defines a path in the configuration space of two
indistinguishable objects. In 3D, the relevant fundamental-group structure for identical exchange is Z3,

since an exchange performed twice is homotopic to the identity.

In CUWEF, the torsion state LIJ must be transported consistently along this exchange path. If the
exchange corresponds to the nontrivial Z2 loop in configuration space, then the lifted torsion transport

can produce

Y — - after one exchange,

L/J — +L/J after two exchanges.

This is the same algebraic structure as fermionic exchange. Crucially, the sign is not an arbitrary
quantum convention; it is the same central-element holonomy described above, now attached to an

exchange loop rather than a simple spatial rotation loop.

What must be shown for a full derivation: (1) the precise mapping between exchange loops in
configuration space and loops of torsion-frame transport in the entropic manifold, (2) conditions under
which the resulting holonomy is exactly -I for single exchange and +I for bosons, and (3) how spin-

statistics emerges dynamically in CUWF.

In A-17, this is treated as a rigorous structural bridge. The full spin-statistics theorem analogue is

deferred to later work once the configuration-space-to-entropic-manifold mapping is formalized.

6.3.12 Summary of the ultimate layer

4TT periodicity is the Z topology of SO(3): T{1(SO(3)) = Z».
SU(2) appears as the simply connected cover that tracks the Z5 class.
The torsion connection W yields holonomy U[C] € {1} as measurable topological memory.
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The same Z3 holonomy structure provides a principled route toward the fermionic exchange sign,

anticipating Section 6.4.

6.4 Pauli exclusion as torsion compatibility constraint — Constructive Model
This subsection reformulates Section 6.4 as a fully constructive model in which the local defect model
is integrated directly into the main argument. Informal assumptions are replaced by explicit
propositions, and the exchange sign is derived rather than merely asserted.
6.4.1 Local torsional anchor and explicit connection
Proposition P1 (Existence of a torsional anchor). Every localized excitation carrying intrinsic spin is
associated with a torsional defect (anchor) in the entropic manifold. In a punctured neighborhood of
the defect, internal torsion transport is described by an SU(2) connection W defined on

M* = R3\ {defect core}.
Constructive local specification. In cylindrical coordinates (r, CI) z) around the defect core, take the
minimal representative connection

W = (i/12) O_z d@.

This is the simplest SU(2) connection that is flat away from the core yet globally nontrivial on the
punctured domain.
6.4.2 Curvature and topological obstruction
Lemma L1 (Flat curvature outside the core). For

W = (/2) O_z d,

the curvature
F=dw +w AW

vanishes on M*. Proof: on M*, d(d@) = 0 and W A W = 0 because dp A dP = 0.
Therefore F = 0 on M*.

]
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Despite F = 0 locally, W is not globally pure gauge on M* because dCI) is not globally exact on a
punctured domain. The defect thus carries a topological obstruction that cannot be removed by
smooth gauge transformations. This is the SU(2) analogue of an Aharonov-Bohm flux tube.
6.4.3 Central holonomy from explicit computation
Proposition P2 (Central holonomy of the fundamental loop). Let C be a loop at fixed r > 0 encircling the
defect once, (I) :0— 2TU Then

urcjy =-1.

Proof. The holonomy is
urcy=r ex,o(—ﬁc w).
Path ordering is unnecessary because W always points in the O_z direction. Compute
_¢;C w :_/;OA{ZIT} (72) O_z dp = ilt O_z.
Hence
U[C] = exp(-iTt O_z) = cos(IT) | - i sin(It) O_z = -I.

Two encirclements give U[C]? = (+I).

6.4.4 Physical meaning: 4TT periodicity from holonomy

Parallel transport of a torsion state LIJ around C once yields L|J — —l]); only after two loops,
equivalently 4TUin the lifted sense, does LIJ return to itself. Thus 4TT periodicity follows directly from
defect-induced central holonomy, not from an additional postulate.6.4.5 Homotopy link between

exchange and encirclement

Proposition P3 (Homotopy equivalence of exchange and encirclement). For two identical anchored
excitations, an adiabatic exchange loop in the unlabeled configuration space is homotopic, in the lifted
entropic-manifold picture, to an encirclement loop of the effective torsion flux tube associated with the
anchors. Interpretation: in the lifted torsion bundle, exchanging two identical anchors can be
continuously deformed into dragging one anchor around the other while preserving entropic

compatibility. Therefore both processes share the same topological class of holonomy.

]
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6.4.6 Exchange—holonomy correspondence
For two identical excitations in the spin-1/2 torsion class, the holonomy associated with a single
exchange is

U_exch = -I.
Proof. By P3, the exchange loop is homotopic to an encirclement loop C. By P2, U[C] = -I. Because |
are central in SU(2), holonomy depends only on homotopy class; therefore U_exch = -I.
6.4.7 From exchange holonomy to antisymmetry

Let L|J(x1, x2) denote the two-excitation torsion state. Parallel transport along the exchange loop acts

as

Wixz, xz) — U_exch Y(xz, x1) = -P(xz, x1).

Hence

Yixz, x2) = -Pixz, x2),
which is exactly the antisymmetry condition for fermionic states. Antisymmetry emerges as the

representation of the Z» holonomy induced by torsional anchors.

6.4.8 Pauli exclusion as torsion compatibility constraint

Placing two excitations with identical torsion state at the same location corresponds to superposing
two identical torsional anchors. The constructive model implies: (1) each anchor carries a nontrivial Zo
torsion flux, (2) coincident anchors would force incompatible holonomies along arbitrarily small loops,
and (3) this produces a high entropic cost or instability in the entropic manifold, preventing stable

double occupancy of the same torsion state.

Therefore, Pauli exclusion arises as a torsion compatibility constraint rather than as an independent

axiom.

]
© 2025 CHAYUT TECHASAMRAN 33



v

%3 Paper A-17: Charge, Spin, and emergent symmetry www.cuwfcosmos.com

6.4.9 Scope and remaining tasks

Given P1-P3 and the explicit W above, the exchange sign and antisymmetry follow deductively. To
complete a fully dynamical CUWF derivation, one must still: (a) derive W from microscopic CUWF
collapse dynamics near a defect, and (b) formalize the homotopy mapping in P3 within the full entropic

manifold.

Appendix to Section 6 — Minimal local defect model producing central holonomy
UI[C] = -I

Purpose. This appendix provides an explicit checkable local model of a torsional anchor/defect in
which the SU(2) torsion connection W yields central holonomy -I for a fundamental encircling loop. This

makes the CUWF mechanism operational: the half-integer spin-1/2 class is realized as a topological

Aharonov-Bohm-like torsion flux.

AB6.1 Setup: punctured space and SU(2) torsion connection

Consider a localized torsional anchor at the origin. Outside the core, the manifold is effectively
punctured: M* = R*\ {z-axis core} (or equivalently remove a thin tube containing the defect line). In
cylindrical coordinates (r, (I) z), define an su(2)-valued 1-form connection W = (i/2) O_z dCI). Here O_z
is the Pauli matrix [[1,0],[0,-1]], and i0O_z/2 is an anti-Hermitian su(2) generator. This W is single-valued
on M* but cannot be globally gauged away because dd) is not globally exact on a punctured domain.

The obstruction is topological.

AB6.2 Curvature: flat away from the core, singular at the anchor

Compute the curvature: F = dWw + W A W. On M*, d(d(b):O and W A W = 0 because W is
proportional to d(b and d(I) N dd) = 0. Therefore F = 0 on M*. Yet W is not globally pure gauge on the
punctured domain. The flux is concentrated at the excluded core. In distributional language, the defect
may be viewed as carrying delta-like curvature supported on the core, analogous to the magnetic flux
tube in the Aharonov-Bohm effect. CUWF interprets this as a topological anchor/collapse node: locally
flat transport with global holonomy obstruction.

]
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A6.3 Holonomy around the fundamental loop

Let C be a loop at fixed r > 0 and z = const encircling the defect once, parameterized by CI) from O to
2TT. The holonomy is U[C] = P exp(-ﬁ_C W). Path ordering is unnecessary because W is constant in
the su(2) direction. Compute _(ﬁ_C w = f_OA{2T[} (i/2) 0_z dCI) = iTU O_z. Therefore U[C] = exp(- iTT

O_z) = -I. A second encirclement yields U[C]? = +I.

A6.4 Physical meaning

A torsion state transported once around the anchor acquires LIJ — LIJ only after two loops does it
return to itself. This is the local mechanism underlying 4TU periodicity and the exchange-sign bridge.
A6.5 Scope

What is established here is an explicit, checkable local model with nontrivial central holonomy. What
remains for later work is a full microphysical derivation of this effective connection from CUWF defect

dynamics.
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