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By identifying Schrodinger phase, proper time, and internal holonomy as related aspects of a
single temporal structure, Temporal Mechanics proposes a common geometric origin for the distinct
notions of time appearing in quantum theory and relativity. In this framework, clocks unwind a hid-
den periodic structure whose abelian holonomy is shared by quantum phase and proper time. The
internal sector is modeled as a compact three-torus M, = T® equipped with a U (3) bundle whose
determinant line is identified, by a chosen phase lock, with the auxiliary U(1) line of a Spin®(1, 3)
structure on an emergent Lorentzian spacetime My. The traceless sector carries nonabelian geomet-
ric structures allowing Higgs-like and flavor degrees of freedom which are interpreted as modes of
the internal connection. The induced internal Dirac spectrum provides geometric mass scales. This
reinterpretation of proper time, gauge structure, and mass as related manifestations of a common
temporal geometry removes the tension between quantum mechanics and relativity.

I. INTRODUCTION

All abelian structures in Temporal Mechanics (TM)
are taken to arise from a single temporal holonomy line
L,. They are not introduced as independent U(1) sec-
tors, but functorial realizations of the same underlying
temporal phase in the Schrodinger phase of quantum evo-
lution, the determinant line of the internal U(3) bundle,
the auxiliary U(1) line in the external Spin® structure,
and the line-bundle twists that furnish effective hyper-
charges of matter fields.

My denotes the emergent Lorentzian spacetime with
metric g, and signature + — ——, and M, denotes the
compact internal temporal manifold specialized to T3.
Let M7 := My x M. be the global product with projec-
tions w4 : M7 = My and 7, : M7 — M. Greek indices
w,v =0,1,2,3 refer to M, with coordinate x* on My,
Latin indices a,b = 1,2,3 to M., and capital indices
A, B =0,...,6 to M7. The internal rank-3 Hermitian
bundle is £ — M,. Its determinant line is L := det F,
and Lgpine — My is the auxiliary line of the external
Spin®(1, 3) structure. Let s be the worldline parameter,
t = 29 be coordinate time, 7 be proper time, and 6 be
the lifted phase of the locked temporal U(1) line. Finally,
let h=c=1.

”The theory of relativity is concerned with the connec-
tion between the descriptions of phenomena as viewed
from two different coordinate systems which are in mo-
tion relatively to each other” [1]. In TM the com-
pact manifold is temporal and its determinant U(1) is
locked to proper time, so that spacetime geometry, gauge
charges, and rest masses are all geometric manifestations
of internal time. Relativity is then a statement of con-
nections to the temporal manifold. Einstein’s original
postulates of special and general relativity [1-4] can be
reinterpreted with temporal geometry.

Postulate 1: Time oscillation is universal, where all
physical system possess intrinsic motion within the three-
dimensional temporal manifold M. with coordinates 8,
defining the system’s rest mass and inertial identity.

Postulate 2: All physical trajectories are dictated by
curvature within the total pseudo-Riemannian manifold

Mz, with temporal structure encoded in the internal ge-
ometry of M, and associated bundle.
Postulate 3: The generalized temporal bundle

& =TM, ®T*M,, (1)

and the observed causal structure of spacetime is de-
scribed by the U(1) phase locked fiber

Q = U(3) XU(l) Spinc(l, 3) (2)

Postulate 4: Temporal coherence and gauge informa-
tion propagate at a universal limiting speed. When pro-
jected onto My, this limiting speed is the speed of light,
preserving standard relativistic causality.

Postulate 5: The curvature of the external spacetime
manifold My is sourced by the energy—momentum associ-
ated with the internal geometry of the temporal manifold
M. through the phase-locked determinant line and the
induced external Lorentzian geometry.

Section II defines time from first principles, showing
how periodicity and phase evolution define temporal dy-
namics. Section III provides the global U(1) symmetry
which encodes time evolution. Section IV generalizes this
to U(3) to account for flavor and charge. Section V intro-
duces the extended symmetry group SO(3, 3). Section VI
demonstrates how both spacetime and the SM gauge
symmetries arise through phase locking. Section VII for-
malizes the product manifold by defining its bundles and
forms. Section VIII provides the particles of the SM.
Section IX addresses how mass and energy emerge from
the spectral structure of the Dirac operator. Section X
provides rest mass eigenvalues and Section XI discusses
mixing and Higgs dynamics using holonomy and curva-
ture.

II. TIME

Definition: A clock is any physical system whose
state evolves with stable, periodic trajectories on the
temporal manifold M, such that each complete cycle
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defines a unit of experienced time in the emergent exter-
nal spacetime M.

Clocks are the physical instruments by which time is
measured. Such has been the advancement in the frac-
tional error of clocks that one may now measure time to
an error of about one second since the universe began.
Clocks provide the description for time, and every clock,
no matter how it is constructed, experiences Einstein’s
special and general relativity [1, 5, 6].

Early mechanical clocks emerged in the late 13th cen-
tury in Europe driven by weights and later in the 15th
century by springs. The cornerstone of introductory
physics is the pendulum clock invented in 1656 by Chris-
tiaan Huygens. This simple clock helps provide the de-
scription of motion necessary to characterize time.

The mechanical pendulum clock works by counting the
revolutions of oscillation. Looking at the pendulum in
configuration space, the Lagrangian can be written as

L=K-V, (3)

where K is the kinetic energy and V is the potential en-
ergy. A simple pendulum consists of a mass m attached
to a rod or string of length ¢ swinging under gravity
g, where its position is described using a single gener-
alized coordinate of the angle from vertical . The La-
grangian is L£(,¢) = +ml*? — mgl(1 — cos ). Using
cos p = 1 — p?/2 yields the harmonic expression

. B ., Buw?
L~ %mﬁzgpz — %mgﬂgpz =2 2

where 8 = mf? is interpreted as the phase inertia and
w is the angular frequency. From the principle of least
action, the equation of motion from Euler-Lagrange of
the harmonic form is

4oL oL

@%_%_7 (5)

yielding
G+ w?p =0. (6)

Then the solution to the equation of motion for the
harmonic oscillator is

o(t) = Acos(wt + 0y), (7)

where w = %

t is the external parameter labeling an observer’s
worldline, and it is the universal cover coordinate of the
internal clock phase. For the ideal clock with funda-
mental period T' = 27 /w, the physical state after time
t can be characterized by its phase 6(t) = wt where
mod 27 € S'. The map t € R+ =) = =it ¢ (1)
is a group homomorphism from the additive group (R, +)
of time translations to the multiplicative group (U(1), ),
where the composition of time intervals corresponds to

multiplication of phases, e“!teiwtz = giwltitta)  For
a periodic system, physical states are identified under
t ~t+nT, so the evolution factors through the quotient
R/TZ = S*, which is the group manifold of U(1).

In the Lagrangian formulation, second-order differen-
tial equations in time occur in the Euler-Lagrange equa-
tion which reflects how dynamics evolve through ex-
tremal action. The coupled first—order equations gov-
erning the dynamics arise from the Hamiltonian,

H=K+V. (8)

The corresponding first-order equations are Hamilton’s
equations are

. OH . OH
q= 87)(1’ Pq*_87q~ 9)
P

For the pendulum, H = ol

+ mgl(l — cosy), the
harmonic form becomes
_ @ pw?

+ 5

H(p,py) = R

(10)

The parameter 8 measures how resistant the internal
phase ¢ is to changes in its rate of winding, where the
conjugate momentum

oL

pwz%zﬁ¢ (11)

is the phase momentum, and in the free-rotor limit,

6.
Lfree = §<p2. (12)

This momentum is conserved, and its quantization corre-
sponds to discrete winding numbers of the internal phase
on S'. In TM this simple clock is promoted to a field
theory on the temporal manifold M., where the phase
coordinates ¢ become local angular coordinates on a
three-torus T? and the phase inertia generalizes to a ten-
sor (., proportional to the internal metric g4;, where the
conserved phase momenta

o
- 55

Pa = Bap?® (13)
encodes how a field winds in the multiple temporal di-
rections. After quantization these p, become the dis-
crete Kaluza-Klein momenta associated with angles ¢
and charges associated with the compact temporal di-
mensions identified by invoking Noether’s theorem with
symmetry generated currents in temporal space [7].

For classical systems like the pendulum, the phase of
oscillation can be interpreted as a coordinate on a com-
pact direction, such that each oscillation corresponds to
a completed loop through M. For the atomic clock, the
time-dependent Schrodinger equation is given by

.0 A
za\ll(nt) = HU(r,t). (14)
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This can be solved by the separation of variables, where

U(r,t) = ¢(r)x(t),

The Hamiltonian is the total energy with states defined
as

x(t) = Ae”HEnt, (15)

IA{"/’H(I‘) = En(r). (16)

For oscillatory systems including pendula, atomic tran-
sitions, and spinor precession, the time dependent
Schrodinger’s equation reduces to phase evolution with a
defined frequency and is composed of an amplitude and
a phase [8]. The Hamiltonian evolution in external time
is a shadow of the winding in internal time and serves as
a bridge between temporal geometry and external time
measurement.

For an energy eigenstate with energy E,,, the time evo-
lution is

X(t) = e x(0), (17)

where the physical state at time ¢ differs only by a global
phase in U(1). As a temporal evolution operator, time
advances regardless of the direction of the winding. The
subgroup of the full unitary evolution corresponding to
this phase is
Ut)=e"rt e U(1) C UH), (18)

and the phase is defined modulo 27 or on S*, which is
a central subgroup of the unitary group acting on the
Hilbert space.

Following from variation of the action with respect
to the phase field ¢ on (My, g ), the scalar-field La-
grangian is

2
w
L= gg"”%@ A — BT ©?, (19)

with action
S, = / d*z N/ —gs L. (20)
My

Stationarity §5,/dp = 0 gives the curved-space Euler—
Lagrange equation

1
\/?948” (V=94 89" d,) + Buw?p =0, (21)
which reduces to ¢ + w?p = 0 in flat space and in the
homogeneous limit.

Each oscillation of a physical system, like an atomic
transition, maps onto periodic trajectories in the tem-
poral manifold, establishing a direct correspondence be-
tween internal geometry and experimental time intervals.
These periodicities trace closed loops in M., linking ob-
servable time intervals in M, to geometric properties of
the temporal manifold. This defines the external time
parameter ¢ € R, which labels points on an observer’s

worldline, from the internal phase 6 € S! of a clock. The
phase lives on a circle, and its evolution is described by
a U(1) action, while ¢ is the lift of that circular motion
to the universal cover R.

Across classical mechanics, quantum theory, and field
theory, clocks manifest as oscillatory systems governed by
dynamics rooted in time. This time is a manifold with a
complex phase evolution in quantum systems. The sys-
tem’s state is embedded in this temporal manifold mak-
ing time more than an external parameter.

1. U(1)

The U(1) group is the minimal symmetry that encodes
the phase evolution of a quantum system[8]. TM assumes
a single underlying temporal holonomy line L, — My
with structure group U(1). The Schrédinger phase of
quantum evolution, the determinant line of the inter-
nal U(3) bundle, the auxiliary U(1) line of the external
Spin®(1, 3) structure, and the line-bundle twists carried
by matter fields are taken to be associated realizations
of this temporal U(1), not independent abelian sectors.
The phase lock is the geometric identification that ties
these realizations together.

A clock modeled by free motion on S! with angular
coordinate 6 ~ 6 + 27 and free-rotor Lagrangian has a
shift symmetry 6 — 6 + ¢ yielding conserved momentum
pe = B0. Tt is useful to distinguish the signed lifted phase
from the operationally accumulated clock time

0(s) = ;ﬂ/osé(u)du, t(s) = 217T/0 10(w)| du, (22)

0
where the clock time reduces to g
7T ~
Reverse winding changes the sign of 6 but not of the
accumulated time t.
U(1) is the group of complex numbers under multipli-

cation,

s when py is constant.

Ul)={e?|0e0,2m)}. (23)

For any continuous path, C : [0,T] — S*, the lifted path
is C : [0,T] — R, and U(1) is a compact and periodic
group, where the winding number is defined as

1 (T as

(s)ds. (24)

The observable time ¢ is a positively oriented monotonic
accumulation over internal time.

The real line ¢t € R parameterizes the covering space of
these windings and the Hamiltonian determines how the
wavefunction winds around the circle fiber as time pro-
gresses and is the generator of the Lie group U(1). The
total Hamiltonian H is self-adjoint and —iH lies in the
Lie algebra u(n), generating a one-parameter subgroup
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U(t) = e ' € U(n) acting on a finite-dimensional in-
ternal Hilbert space. Its central U(1) factor corresponds
to the overall phase generated by the trace part of H,
while the traceless part lives in su(n) with

—iH € u(H), with det U(t) = e "t e U(1). (25)

- tr H
The global phase of U (t) given by rT defines a central

U(1) C U(n) that encodes the total energy of the system.
When H acts as E,1 on the subspace H., the dynamics
reduce to a pure U(1) rotation generated by —iH, € u(1).

Let P = M, be a principal U(1) bundle with global
connection one-form A € Q'(P u(1)). In a local trivial-
ization s, : U, — P, the local gauge potential is

Ay =5 Ac Q' (U,,R), (26)

and on overlaps U, N Ug the local potentials differ by
a gauge transformation. The curvature is the globally
defined closed two-form F € Q%(M,,R) characterized
locally by

Fly, =dA,. (27)

The topology of the U(1) bundle is encoded by the first
Chern class
1
c(P) = [%F] € H*(M,,7), (28)
whose pairing with a closed 2-cycle ¥ € Ho(M,Z) gives
the quantized flux condition

1
— | FeZ. (29)
2T >
For a loop C contained in a local chart with C = 9%,
Stokes’ theorem gives

forem f
C P

and the associated Wilson loop is

W(C) = exp(fij({:Aa) = exp<7i/EF>. (30)

For a flat connection, holonomy depends only on the ho-
motopy class of the loop. In general, it depends on the
connection along the loop, and Stokes’ theorem relates
it locally to the curvature on a spanning surface when
one exists, while the integral cohomology class [F/2r]
records the global topological sector [9-13]. Equivalently,
a spinor transported around C picks up the geometric
phase ¢ — W (C)1, and the resulting charge quantization
is the bundle content of the Dirac-Wu—Yang condition on
a nontrivial 2-cycle [9, 14-17].

For the U(1) group, the global phase symmetry is 1) —
e!i1%). The covariant derivative is

Du = aﬂ + iqlAy, (31)

with the gauge field
A, — A, -0, (32)

and has the local symmetry 1 — 2%, The conserved
current is

JE = gyt (33)
and the field strength is
Fuv = 0uAy, — 0, A,. (34)
The commutator of the covariant derivative is
[D,, D)) = iq1 Fpv, (35)

where the generators T# are Hermitian, the gauge po-
tential A, has real components AZ‘, and the field F,, is
Hermitian.

The unitary group U(1) appears in multiple founda-
tional contexts of modern physics as the gauge group
of electromagnetism and hypercharge [18-20]. U(1)
emerges as the residual symmetry of temporal geome-
try, and acts as the generator of phase evolution. This
geometerizes both quantum time evolution and gauge in-
teractions under a single temporal symmetry.

The global U(1) symmetry defines a principal fiber
bundle over the temporal manifold M, with group U (1),
total space P, and projection map 7 : P — M,

U(l) = P 5 M,. (36)

This bundle admits local trivializations over charts
(Uq, 9a) covering M., with transition functions valued
in U(1). The dual interpretation of U(1) as both tempo-
ral generator and gauge symmetry provides the founda-
tional mechanism by which internal temporal structure
encodes observable particle properties through the trace-
less internal sector, providing the geometry that underlies
the gauge theory of electromagnetism and hypercharge.

TM interprets U(1) as a symmetry fundamentally aris-
ing from temporal geometry. Kaluza-Klein (KK) the-
ory [21-23] interprets charge as momentum along spatial
compactified dimensions, whereas TM locates this mo-
mentum along compact temporal directions, providing a
winding in internal time. This unifies quantum evolution
and gauge interaction under a shared temporal symme-
try [23], where geometric quantization formalism identi-
fies such phase evolution with holonomy in fiber bundles
and physical observables emerge from winding numbers
[17].

IV. U(3)

The internal temporal sector is modeled by a rank-3
Hermitian bundle £ — M., whose unitary automor-
phisms define a U(3) structure. Its determinant line car-
ries the abelian phase, while its traceless sector carries
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nonabelian internal structure. A temporal manifold with
higher-rank unitary symmetry extends the geometric de-
scription of gauge symmetries.

The Lie group U(n) is central to gauge theories and
field interactions in quantum mechanics and particle
physics [12, 13|, where n reflects the number of cou-
pled internal phase modes providing for the emergence
of mass, flavor, and gauge.

Defining the Lie group as

Un)={UecC™ |UU=1I}, (37)

and choosing a basis of Hermitian matrices 74 = (7)1
(A =0,...,n% — 1), the corresponding Lie algebra el-
ements are anti-Hermitian and spanned by 74, in the
physics’ convention. Any X € u(n) can be written as
X = iasT* with real coefficients oy € R. The Lie
algebra is

u(n) ={X € M,(C) | X' = —X}. (38)

For the real vector space of Hermitian generators un-
der gauge transformation with Lie bracket induced by
the commutator [X,Y] = XY — Y X, an n component
complex matter field transforms as

P(x) = Ulz)p(z),

¥(x) is a complex vector valued field and transforms un-
der the fundamental representation of U(n).
The covariant derivative is

U(z) € U(n). (39)

D, =0, +1ig,A,, (40)
where
A, = AT (41)
and the gauge symmetry is

A, 5 UAU - qi(a”U)U—l. (42)

The conserved current is
JHY = g YTy (43)
and the field strength is
Fuv = 0uAy — 0, A, +ign[Au, Ayl (44)
The commutator of the covariant derivative is
[Dy, D] = ignFpuu. (45)

The group U(n) has n? real parameters and the de-
terminant of a unitary matrix lies on the circle with the
map, det : U(n) — U(1) and is a group homomorphism.
The higher order rotational groups U(n) are isomorphic
to

Un) = ————, (46)

where Z,, = {>™*/"1 | k = 0,...,n — 1}. This decom-
position of the unitary group is standard in gauge theory
[24]. SU(n) denotes the special unitary group of unitary
matrices with determinant 1. 7Z,, is the discrete central
subgroup of SU(n) x U(1) that is identified in the quo-
tient to produce U(n), which always includes a global
phase with a real cover map and the gauge connection to
SU(n).

In the decomposition, u(n) = su(n)@®u(1) is the central
U(1). The generators T with a = 0,1,...,n? — 1 have
T® « 1. For the SU(n) sector, the generators T are
traceless. The normalization is

Te(T°T7) = $5°F. (47)
Using the Lie algebra structure constants f*57, the gen-
eral generator commutator is

[T, TP =i foPrT7. (48)

The U(1) sector is f%% = 0, [T°,7%] = 0. In the
SU(n) sector, {T*, TP} = 160 1+ d*PIT7. The field is
then

Fop = (E)MA(; — 0,A% + qn faﬂ”AﬁA,Z)Ta. (49)

Take T° = 13/+/6 for the central U(1), and the Gell-
Mann matrices are T* = A\*/2 for « = 1,...,8. In the
SU(3) group T® = A\¥/2 and f123 =1, f147 = f246 —
f257 — f345 — % ) f156 — f367 — _% ) f458 — f678 — @
In the SU(2) group, T® = 0®/2 and f*%7 = ¢*%7 [25].

U(1) governs global phase and SU(n) introduces inter-
nal degrees of freedom including gauge interactions. As
with U(1), the group U(n) defines a principal fiber bun-
dle over M, where curvature forms encode generalized
gauge field strengths,

F=dA+iANA€Q*(M,,un)). (50)

The higher gauge groups of U(n) on M, would admit
additional topological invariants through higher Chern
characters. These structures are defined by Chern—Weil
theory, where characteristic classes arise as topological
invariants associated to the curvature form of a principal
bundle [26-28].

Let C : [0,1] — M, be a closed loop, and A connec-
tion on the U(3) bundle, where the Wilson line and the
internal spinors transform under flavor mixing with

W(C) = Pexp (iéA) o Woers. (51

P denotes path ordering, and the U(n) valued connection
A does not commute at different points along the loop.
The Wilson line W(C) is the path ordered exponential
solving LW (s) = —iA(s)W(s), W(0) =1, W(C) =
W(1). x transforms in the fundamental representation
of U(n) and W (C) is an n X n unitary matrix obtained
by parallel transport along C.
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V. CONJUGATE TEMPORAL WINDINGS

The temporal manifold in TM is not modeled only by
its tangent directions, but by the generalized bundle

& =TM,&T*M,, (52)

whose fibers carry the canonical split-signature pairing

(X 46 Y +) = 3 (€0) +0(X),

XY €TM:, {&neT " M. (53)

For dim M, = 3, this pairing has signature (3, 3), so the
natural structure group of &; is O(3,3), or SO(3, 3) after
fixing orientation.

The use of SO(3, 3) reflects a basic feature of TM where
temporal geometry comes with two mutually paired di-
rections at each point from the phase-flow directions in
T M. and conjugate phase-gradient directions in 7* M.
In this sense the temporal sector already contains a dual
winding, providing a geometric origin of the two global
windings.

To pass from the real split-signature bundle to inter-
nal unitary structure, TM chooses a generalized metric
together with a compatible generalized complex struc-
ture on &, [29-31]. After complexification, this produces
a decomposition

Ec=WaW, (54)

where W is the +i eigenbundle and W is its complex
conjugate —i eigenbundle. Each has complex rank 3,
and together they define a U(3) reduction of the internal
generalized structure.

The pair (W, W) is the mathematical expression of the
two global temporal windings in TM which are conjugate
realizations of the same underlying temporal holonomy.
For any closed loop C C M., parallel transport gives
unitary holonomies

Ww(C) €UB).  Wig(€) =Tw(©).  (55)

Passing to determinant lines,
Ly :=det W, Ly :=det W, (56)
the Hermitian structure identifies
Ly = Ly & Ly, (57)

Hence the abelian holonomies are conjugate inverse
phases:

det Wiy (C) = e (O det Wi(C) = etP©). (58)

This is the precise sense in which TM has two global
windings. One winding carries the phase e~* and the
other carries the conjugate winding et*’. They are op-
posite orientations of one and the same temporal circle,

and equivalently two conjugate lifts of a single global tem-
poral U(1).
TM then makes the physical assignment

E:=W, C:=W, (59)

where E is the electroweak-Higgs bundle and C' is the
color bundle. This assignment is a structural ansatz
where the two conjugate temporal windings are taken to
carry the two complementary nonabelian sectors of the
Standard Model.

On the electroweak side,
preserved splitting

choosing a holonomy-

E =V & Ly, rank(V) = 2, rank(Lg) = 1. (60)

This reduces the traceless part of U(3) on E to the sub-
group

SU(2)1 x U(l)y € SU®3)m, (61)

where SU(2), acts on V and U(1)y is generated by the
traceless diagonal direction orthogonal to the locked de-
terminant phase. The off-diagonal coset directions

Hom(Lg, V) C End(E) (62)

transform as an SU(2); doublet with hypercharge +%,
and therefore furnish the Higgs-like sector.
On the conjugate side, the bundle

C=WwW (63)
retains the full traceless unitary algebra
su(3)c C u3)c, (64)

which TM identifies with the color gauge sector. In this
way the conjugate winding carries the SU(3)¢ structure,
while the original winding carries the electroweak-Higgs
reduction.

Because these gauge actions live on different conjugate
sectors, they commute. The internal gauge content is
therefore the direct product

Gsm = SU3)e x SU(2)1 x U(1)y-. (65)

The determinant U(1) of the two sectors is the same tem-
poral phase seen with opposite orientation in the conju-
gate windings. This common determinant line is phase-
locked to the external Spin©(1, 3) line, so that the abelian
temporal holonomy supplies proper time.

The role of SO(3,3) is more than kinematic. It sup-
plies the generalized bundle whose compatible unitary
reduction produces a conjugate pair of global temporal
windings. One member of the pair carries the Higgs-
electroweak structure, the other carries color. Together
they realize the complete Standard Model product gauge
group as two complementary aspects of a single temporal
geometry.
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VI. PHASE LOCKING

Definition: The phase lock is a chosen isomorphism
of Hermitian line bundles with connection on M7,

A: (7iL, i A) — (7 Lspine, T; Aspinc), (66)
together with the induced dual isomorphism

A (miL*, mpAY) —— (7 L pine, =73 Aspine)-
Consequently, the Chern classes

c1(myL) = ¢1(m} Lspine),
c1 (W:L*) =—0C (WZ LSpinC)u (67)

and the curvatures satisfy

* *
7T-,—Fdet = 7T4FSpincu
* Tk *
Tr'erct = 7r4FSPinC‘ (68)

The lifted phase of the locked line then provides the ex-
ternal proper-time parameter from a single global tem-
poral U(1). The phase lock is the chosen identification
of the determinant line of the internal U(3) bundle with
the auxiliary line of the external Spin°(1, 3) structure.

Let Lioeck — M7 denote the distinguished principal
U(1) bundle carrying the universal time phase. Its
holonomies are generated by W(C). The lifted phase
0 € R defines a covering map Cov : R — U(1) with
Cov(f) = e " and winding number w = %Aé The
unwrapped temporal parameter ¢ in the extergal Lorentz
sector is identified with 6 and the phase lock.

The diagonal phase lock identifies the universal cover
of the locked U(1) phase with the external proper-time
coordinate. Let Ajoc denote a local representative of the
locked U(1) connection on Ljock. In adapted gauges the
lock may be represented by

Alock ~ 77-7:-'4 ~ 71-;'J:ASpin"; (69>
with locally defined curvature
Flock = dAlock7 (70)

while globally the corresponding curvature is the com-
mon 2-form determined by the locked Chern class. The
external time direction is not an additional independent
coordinate. It is the lifted determinant phase of the in-
ternal U(3) structure, and €™, and g,,(¢) respond to
internal energy through the locked Spin® line.

In the U(3) reduction, U(3) acts on the rank-3 Hermi-
tian bundle & — M, with connection A € Q' (M, u(3)).

The standard isogeny of U(3) = SUB)XU) g

Z3
traceless 1
A=A + 3 tr(A) 1. (71)
The internal decomposition
15 8UB)—»UB) 25 ud) -1 (72)

identifies a traceless SU(3) sector as the SU(3) fiber
base and a determinant U(1) sector attachment, which is
phase-locked to the external Lorentzian Spin®(1,3) line.

This identifies the total internal temporal phase which
is the sum of internal eigenphases in U(3) with the exter-
nal proper time U (1) phase governing Spin® transport on
My. There is a single global temporal U(1). The tempo-
ral evolution on the physical subspace H, is a pure fiber
rotation,

U(t) =e By, —iH, e u(1), (73)
while in general —iH € u(n) with U(t) = e~*#t € U(n).
The phase lock induces the external Lorentzian sector
through the chronometric field, ¢ : TM, — R, homo-
geneous quadratic function on the tangent space T, Ma,
such that ¢,(v) := —g,(v,v) has a Lorentzian signature
(1,3). The metric is reconstructed by polarization,

p(1,0) = —3 [Bplu ) — 6,() — ()] (74

Thus (My, g(¢)) carries the emergent orthonormal struc-
ture group SO(1,3). The external Lorentzian metric
is reconstructed from the chronometric field ¢, so that
(My, g(¢)) carries proper time along a clock’s worldline
1, 3, 32],

dr? = g, datdz”, (75)

where operational time measured by clocks in the emer-
gent external spacetime is the proper time induced by
the phase-locked metric.

VII. TEMPORAL MANIFOLD

G =U(3) xya) Spin“(1,3) — U(3)

3 1 det (76)

Spin°(1, 3) S U)

Locally working in a product chart My = M4 x M.,
the associated line bundle is the locked U (1) line Ljpex —
M7 which may be topologically nontrivial. The phase
lock identifies the external time parameter with the lifted
determinant phase.

Definition: Let M7 be a seven-dimensional manifold
equipped with a principal structure, G = U(3) xy(1)
Spin©(1,3). Locally one may use adapted coordinates
(z#,0%) for the external and internal sectors. The tempo-
ral manifold is equipped with an atlas {(U,, ¢4)}, which
enables the consistent definition of gauge fields, spinor
bundles, and holonomies essential for encoding the SM
gauge symmetries. ¢, : Uy, — R? are smooth coordinate
charts ensuring compatibility on overlaps U, NUg. These
charts allow for local trivializations of the fiber bundle,
permitting local sections and connections that transform
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under the group U(3). This manifold serves as the base
of a principal bundle,

UB)— PS5 M., AeQ'(Pu(3)), (77)
where P is the total space, m the projection, and A the
connection 1-form.

The curvature 2-form encodes how the temporal ge-
ometry twists across local trivializations and the bun-
dle topology is classified by its characteristic Chern
classes which distinguishes physically distinct sectors
of field configurations. Topologically, M. is compact,
orientable, and admits nontrivial cohomology groups
H?(M,7), relevant for quantized holonomies. While
nothing requires M, to be globally trivial, local trivial-
izations exist over each chart domain, supporting smooth
gluing using the group U(3).

The connections determine the manifold struc-
ture.  Given (Ac,Ar,Ay), the internal curvatures
(Fe¢, F,, Fy) fixes the internal energy density and hence
the total temporal energy E,.. Through the lock and the
first-order equations, this energy determines the external
time direction and sources the tetrad and metric from

G,uu[g((b)} = KT;LV[FC/'?FL?FY?g?X}' (78)

The choice of internal connection and its holonomy class
selects the external manifold structure dynamically mak-
ing the forbidden mixed and drifting components

Gua = 07 au,gab = O, auAa =0

(3
9D = V=gV,
R[g™] = R[g™] + R[¢g"]. (79)

The internal metric ¢(™ is rigid over My, and the locked
U(1) has only external curvature Fgpi,, where the in-
ternal U(3) connection A € Q'(M,,u(3)) has curvature
F = dA+iA AN A, with the determinant part locked.
External spinors live in the Spin®(1, 3) bundle, where in-
ternal spinors are sections over M.

In order to formulate the action from the product man-
ifold M7, assume a block-diagonal product metric

9" =g ey, (80)
so that in coordinates
ds® = g\8)(x) datda” + g3) (0) d9@de®,  (81)

and the volumes can be defined by

. / Jg@ldte, k= / Jgole. (82)

Assume the total Lagrangian has the form

L=R+Ls, (83)

with a source contribution that also separates,
Los=Lsa+Ls . (84)
Then
L= (Ry+Lsa)+ (Rr + Ls7) (85)
Define the submanifold Lagrangians
Ly:=Rys+Lss, L =R +Ls,, (86)
so that
L=Ls+ L. (87)

The total action on the product manifold is

S = /d7x,/|g<7>|c. (88)

Because L4 depends only on z and L, depends only on
#, Fubini’s theorem gives

S = /d7 lgD| L4 /d7 19D L~ (y)

= [ate\flgles [ aoy/lg)
+/d4x V |9(4)|/d39 9L

zmT/d4x 19®|L4 +n4/d30 9L . (89)

Substituting the Ricci-plus-source split yields

=Ky /d4a: \/M(Rl +Ls,1)
+Ii4/d39 lg(|(R2 + Ls2) - (90)

If the Ricci terms are written with Einstein-Hilbert
normalization, then

1 1

Ly= Ry+Ls4, L7 = ———
4T onG, AT R 167G

R+ Ls . (91)

and

= [t (5
+H4/d9F<16G

In a decoupled zeroth-order theory, it is assumed that
the temporal manifold is rigid and the Lorentzian mani-
fold is emergent by Ls1 = 0 and R, = 0. The submani-
fold Lagrangians then reduce to £4 = R4, and £, = Lg ,
and the total Lagrangian becomes £(©) = R4+ Lg .. Ac-
cordingly, the action simplifies to

SO ZKT/d4.’L' lg@| Ry +n4/d36‘ 19 |Ls2.
(93)

+£54>

+ s7> S (92)
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With Einstein-Hilbert normalization this is

167rG / |g(4 |R4 + I€4/d39\/ £52

This is the decoupled or zeroth-order theory. It con51sts
of a purely geometric sector on My, and a purely source
sector on M.

Thus the zeroth-order solution is a direct product of
an M; vacuum geometry and an My source configuration
and the energy-momentum tensor from Einstein’s field
equations is then

1
4 (4 T T
gHV /d l9 (16 Gy ™2 “”’)’ (95)

where

S0 —

TMV = /d4 _9(4 L. (96)
e ]
The full coupled theory can now be organized as a

perturbation about S(®). Introduce a perturbation pa-
rameter € and write

S =580 4 g 4262 4 ... (97)
A convenient first-order decomposition is
L£=LY 4 eLiy, (98)
with
Lint = Lsa+ Ry + Lix. (99)

Here Lg 4 restores source structure on My, R, restores
curvature on M, and L;x denotes a genuinely mixed
interaction term that cannot be written as a pure x-term
plus a pure 6-term.

Thus the full Lagrangian becomes

L=Rs+ ﬁS,T + E(ESA + R, + ﬁmix). (100)

The corresponding first-order action correction is

S = KT/d4£C g™ |Ls.4 +/€4/d39 lg|R,

+ /d7$ |g(7)|£mix~

First principles construction of the action using uni-
versal symmetry principles provides external diffeomor-
phism invariance and second order metric dynamics sin-
gling out the Einstein-Hilbert term on My, using inter-
nal gauge invariance adjoint U(3) with F? and topolog-
ical Chern—Simons term. Spin geometry and minimal
coupling single out the Dirac actions external and inter-
nal with covariant derivatives built from the correspond-
ing connections. The phase lock fixes the universal time
eliminating an abelian redundancy. It enforces the locked
rigid ansatz, yielding constant x and stable gauge cou-
plings, and it pushes all nontrivial internal physics into
the traceless SU(3) sector, where holonomy generate the
discrete internal spectrum responsible for masses.

(101)

VIII. THE STANDARD MODEL

In the same way that SO(10) grand unifying theories
arrange quarks and leptons into a single 16-dimensional
spinor representation [33, 34], TM arranges Lorentz spin
and flavor into a single U(3) x (1) Spin®(1, 3) spinor bun-
dle, with internal quantum numbers arising from holon-
omy in the temporal manifold. The temporal U(1) ap-
pearing after locking is the central phase of the full uni-
tary evolution promoted to a geometric holonomy and
identified with the internal determinant phase. The in-
ternal geometry contains two conjugate rank-3 sectors
identifing one with the color bundle C' and the other with
the electroweak-Higgs bundle . The electroweak sub-
group is embedded in the traceless part of U(3) acting
on F, while the full traceless part of the conjugate sector
furnishes SU(3)¢

In TM the electroweak embedding is taken inside the
traceless sector of U(3) acting on £. After locking, the
trace U(1) is fixed, where the dynamical internal gauge
directions lie in su(3). From Equation (46) the resid-
ual gauge group is SU(3). The chosen holonomy pre-
served rank-2 subbundle V' C E, where E = V @ Ly
and det E = detV ® Lg. This embeds SU(2) as en-
domorphisms of V' and picks a traceless diagonal U(1)y
orthogonal to both T35 and the locked trace.

In the SU(3) embedding SU(2);, x U(1)y C SU(3),
SU(2)y, acts on the first two components generated by
the Gell-Mann matrices A1, Ao, A3 in the chosen upper-
left 2 x 2 block as T} = )‘7", a = 1,2,3. Taking
the hypercharge as the diagonal generator in SU(3) as
Y = ydiag(1,1,—2), where y is a normalization constant.
Then picking one SU(2), the first two components form
an SU(2) doublet and the third component is an SU(2)
singlet with hypercharge eigenvalues Y7 = Y5 = y and
Y3 = —2y. Then the coset

SU(3)
SU(?)L X U(l)y

Il = (102)

is represented at the Lie algebra level by the generators
that are not in su(2)r or Y. The adjoint of SU(3) has
8 generators and 3 of them are SU(2)1 (A1, A2, As). The
one U(1)y direction is identified as A\g. The remaining
generators that span the coset are Ay, As, Ag, A7. The
complex doublet can then be written as

Eiz ~ X +ids,

Eaz ~ \¢ +iA7, (103)

which rotates under SU(2),(E13, Fa3).

In order to compute the hypercharge, consider Fis,
which mixes (1,3) and FE23 which mixes (2,3). Act-
ing on the basis {e1,eq,e3}, F13 takes es — e; under
Y, the phase of e; is Y; where Y(e;) = y, Y(ea) =
y, Y(e3) = —2y. Then the charge of the raising oper-
ator E13 is Y(Elg) = Y(el) — Y(€3) =Y — (—2y) = 3y
and Y (E23) = Y(e2) — Y(es) = y — (—2y) = 3y, where
the coset doublet (E13, E923) has the hypercharge Y = 3y.
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Identifying the Higgs doublet’s quantum number as
Yy = +% then 3y = % = y= % giving the expected
hypercharge. The Higgs doublet field £(x) arises from
fluctuations of the internal connection along the coset
directions spanned by (Ei3, F23). This uniquely fixes
the embedding to Y = Zdiag(1,1,—2), demonstrating
that TM produces the correct hypercharge normaliza-
tion with y = 1/6. The fundamental 3 of SU(3) de-
composes under SU(2)r, x U(1)y as the two components
with Y = +1/6 and a component with Y = —1/3, where
322,161 1/3.

After locking, the holonomy-preserved splitting of the
rank-3 internal bundle

E=V & Lo, (104)

where rank(V) = 2 and Lo := V= is a line bundle. Under
the Hermitian traceless diagonal generator

1
Yo = gdlag(L 1, _2)7 (105)
the two summands transform as
V=246 Lo=1_43. (106)

The coset directions are the off-diagonal maps between
these summands,

H = Hom(Ly, V)=V ® L, (107)
so the Higgs bundle carries
1 1 1
Y(H)=Y(V)-Y(Lo) =g~ (-3)=+5. (108)

Thus, the coset mode is an SU(2); doublet with the
Standard Model Higgs hypercharge.

The lepton doublet and the right-handed charged lep-
ton arise from the same structure once the unique locked
temporal line L = det(E) is used to twist the base SU(3)
weights. Normalizing the temporal line so that tensor-
ing by L7 shifts the effective hypercharge by ¢/3, where
Yo = Yo + 2. Since V* = 2_, /5, one obtains

Lp2V*®@L ' 22 1), er=Ly®L>=1_4, (109)

and similarly

QL=C®V, dp =C® Lo,
’U,R%C@LE@L, vp 2 Lo® L. (110)
Here C denotes the color triplet bundle. In this way
the full one-generation hypercharge pattern is produced
by the traceless SU(3) embedding together with integer
powers of the same locked temporal line.

The construction above reproduces the one-generation
Standard Model hypercharges listed in Table I. The three
generations are then introduced by assigning the three
low-lying temporal sectors to three copies of these bun-
dle types. It provides a common geometric origin for

Field f | Bundle |(SU(3)c,SU(2).)E" |Charge Q
(ur,dr)| CoV (3,2)510 (+2,-1)
up |CQOL;®L (3,1)%5/ +32
dr C® Lo (3,1)%, 5 -1
(vi,er)| V*@L™? (1,2)%1 (0, 1)
er Lo® L2 (1,1)%, -1
VR Lo®L (1,1)9 0

TABLE I. One-generation bundle assignment in TM. The
rank-2 bundle V' and line bundle L arise from the decomposi-
tion E =V @ Lo of the internal temporal bundle, L = det(FE)
is the locked temporal line, and C' denotes the color triplet
bundle. Each Standard Model fermion f transforms in a
representation of the internal temporal group U(3), whose
Cartan generators T and Y act on the temporal fiber with
eigenvalues (t3,%). Phase locking and the SU(3) embedding
identify these internal weights with the external weak isospin
and hypercharge, (T?,Y) = (t3,y), so that the electric charge
isQ=T3+Y.

the electroweak embedding, the Higgs doublet, and the
associated abelian charge assignments.

The U(3) symmetry of £ carries both the electroweak
subgroup and the coset directions that generate the Higgs
doublet in the gauge—Higgs unification interpretation.
Reducing the manifold space to U(2) the gauge-Higgs
mode disappears and only the electroweak group can ex-
ist. Temporal manifolds larger than 3 result in more
Higgs doublets. Generalizing the coset to SU(2); X
U(1l)y x SU(n—2) C SU(n), where dim SU(n) = n* -1,
dim SU(2), = 3, dimSU(n —2) = (n —2)? — 1, and
dimU(1)y = 1. The subgroup II,, = SU(2)r, x U(1)y X
SU(n — 2) has dimIl, = 3+ 1+ (n —2)2 -1 =
(n—2)2+3 =n%—4n+7. The coset dimensions is then

. SU(n) (2 2
A o S X Ty xS0 =) ~ "~V
dn+7) = 4n — 8 = 4(n — 2), where each complex SU(2)
doublet has 4 degrees of freedom and n — 2 Higgs dou-
blets.

The discovery of a 125 GeV scalar with SM-like cou-
plings by ATLAS and CMS, together with combined
measurements of Higgs signal strengths in multiple chan-
nels, disfavors large admixtures of additional Higgs dou-
blets or other light scalar multiplets that mix significantly
with the observed 125 GeV state. Extended Higgs sectors
such as two-Higgs-doublet models remain phenomenolog-
ically allowed where extra states are heavy and weakly
mixed, but there is at present no positive evidence for
additional doublets [35-38].

Defining each SM Weyl multiplet [39] with the field, f,
enumerates the SM of particles with

f € {QLauRudR7LLaeRuVR}7 (111)
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where Ly, is the other doublet (1, e;). After the break-
ing U(3) — SU(2)r x U(1)y, these internal representa-
tion generate the visible fermion multiplets. The phase
lock identifies the external Spin® U(1) with the inter-
nal determinant U(1) so there is a single abelian con-
nection. The internal electroweak embedding is a choice
of subgroup U(3) — SU((2)r x U(l)y. Y is taken
as a linear combination of a traceless Cartan genera-
tor in su(3) and the locked w(1) generator subject to
U(3) = (SU(3)xU(1))/Zs. Table I enumerates the Stan-
dard Model Weyl multiplets, where vy is a true singlet
identified as a right sterile neutrino [40]. The entire SM
structure content exist as different aspects of the same
temporal manifold’s U(3) group. The usual SM anomaly
cancellations are inherited because the one-generation
bundle assignments reproduce the SM hypercharge pat-
tern.

The electroweak gauge group arises from gauging a
chiral subgroup of the temporal U(3) structure. Specif-
ically, an SU(2) x U(1) subgroup acts nontrivially on
left-handed fermions, while right-handed fermions trans-
form as singlets under SU(2). The Higgs field arises from
the coset directions of this reduction, and its vacuum ex-
pectation value pairs left- and right-handed modes using
the temporal Dirac spectrum. Because the phase lock
identifies the determinant U(1) with the external Spin®
line, TM contains no independent additional abelian fac-
tor. This construction yields exactly the SM gauge group
SU@3)e x SU(2)r, x U(1l)y, with no additional light Z’
or extra U(1) factors, which aligns with collider limits on
light Z’ sectors.

IX. TEMPORAL MECHANICS

After locking, the internal gauge dynamics reside in
the traceless su(3) sector, while the shared U(1) governs
universal time transport. Let v* be a four—dimensional
Clifford representation on My obeying

{v 7"} =294" (112)
and define the external chirality operator
=iyt ()2 =1, {y°9*}=0. (113)

Let v* be a three-dimensional Euclidean Clifford repre-
sentation on M.,

{77} = 2¢2°. (114)

The graded product Clifford generators
=41, I*=7"®1", (115)
so that {I'*,T¥} = {re, 1%} = 2¢% and

{T®,T%} = 0. The appearance of 4° in I'* reflects the
Lorentzian grading on L2(8(1,3)).
Defining the total Dirac operator algebraically by

D; = T4V, = "V, +il"V,, (116)

then the Dirac operator on the product of the external
Lorentz spin geometry with the internal temporal spec-
tral geometry with the covariant derivatives split as

u—a +wu+ZZQk ( )Tk7 (117)
kGRf
Vo =0, +wy+ iAa(e), (118)

where ALk) are the four—dimensional gauge fields ob-
tained by gauging the appropriate internal symmetries
over My, and A,(0) is the rigid internal temporal con-
nection. The field produced by the causal response to the
fermion is then summed over its representation Ry. Af-
ter locking, the determinant component of A4,(6) is fixed
by the shared U(1) time phase, so the dynamical internal
directions lie in su(3).

With the representation in Equation (115), the opera-
tor splits as

D;=Dy®1—-7"® D, (119)
where
Dy=iv"(Op+wu+i > AP (@)Th),
kERf
Dy = =iy (O +wa +i44(0)).  (120)

Lorentz chirality is governed by 7° and the projectors are

PLr=35(1F7") (121)
on the external spinor bundle.
Assume a separated expansion
Z U () @ xn (), (122)
where the internal modes satisfy
Drxn = En Xn, <XH7X7TL>7' = Onm- (123)

Substitution into the Dirac equation D;¥ = 0 and
projection onto x, yields the effective four-dimensional
equation

(Ds+ Epy®) ¢on(z) = 0. (124)

FE,, is the spectral scale set by the internal temporal ge-
ometry. Because {7°,v#} = 0, a constant chiral basis
rotation converts Equation (124) into the standard mas-
sive Dirac form, so the magnitude

is the zeroth-order mass parameter associated with the
n*" internal mode. In this chiral electroweak theory,
the observed four-dimensional fermion masses arise af-
ter symmetry breaking through effective Yukawa matri-
ces induced by the same internal geometry, where the
singular values of vY}/ V/2 furnish the physical masses,
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while m,, sets the underlying temporal scale from which
those Yukawa couplings are built.

Using {7®,7#} = 0 and ()2 = 1, one finds

(Dy+ E~°) (Ds — E~°) = D — E?, (126)

so the dispersion is that of a mass |F|. Decomposing
Vn = Ynr + Yng, pairs left- and right-handed Lorentz
components through the same internal eigenvalue. This
Lorentzian chirality structure is intrinsic to the Spin(1, 3)
sector.

The internal eigenvalues can be expressed as expecta-
tion values of the internal Dirac operator. With y nor-
malized on M, with a flat internal frame,

B [ 05 0)(-in"(0u + iA)X(6), (127)
M,
and the effective action is

Sy = /M d4x«/—g4z/7(x) [i’y“(aﬂ +
i Z qkAELk)Tk) — mn}w(x)

keERy

(128)

This provides a geometric mass generation mechanism
in which rest masses arise as the spectrum of the inter-
nal temporal Dirac operator. The geometry of M, its
spin structure, the locked determinant line, and the trace-
less SU(3) holonomy together control the allowed inter-
nal modes and therefore the observable four-dimensional
mass spectrum. In this way gauge interactions, mass
generation, and the Lorentzian chirality are unified by a
single phase-locked temporal geometry.

X. MASS

For a compact three-dimensional temporal manifold,
M, = T3, the second cohomology H?(T3,Z) = Z3 has
three independent generators represented by the three co-
ordinate T2 subtori. These three primitive 2-cycles moti-
vate a three-sector organization of the low-lying tempo-
ral holonomies. The three distinguished low-lying sectors
are identified with the three observed generations. After
phase locking removes the trace direction, the remaining
traceless Cartan data of the internal U(3) holonomy dis-
tinguish these sectors and set their zeroth-order spectral
scales.

TM assigns an internal Hilbert space Hgf ) of spinor
sections on M transforming in a representation Ry of
the internal U(3) bundle, where f is the fermion index.
The internal Dirac operator in this sector is

DY) = —iy* (9, + wa +iA(6)),

AP = a2y T, (129)

where TIE‘R"') are the generators of u(3) in the representa-
tion R¢. Internal eigenmodes satisfy

DY 10) = B X)),

n,i n,i

<X£’L{37X££7)j>7' = 5nm5ij; (130)

and the corresponding four dimensional fermions have
rest masses

mf) = |EY)|. (131)

Here n is the index labeling the three generations, and
i labels the species within a generation, where the spec-
trum of Dg ) with different f and i sample different eigen-
values. The eigenvalues are determined by the internal
geometry and the U(3) representation Ry, where Table I
shows the allowed temporal structures of the SM. It is
convenient to arrange the charged fermions against (n, 1)
as

e u d
f=1pcs|. (132)
Ttb

Charged fermions exist as the lowest twisted plane waves
[41] compatible with a twisted boundary condition hav-

ing stable eigenmodes of Dg ) in each sector, which are
aligned along inequivalent Cartan directions of U(3).

Specializing to the semi-flat torus polarization M, =
T3 that supplies the holonomy and choosing a lattice ba-
sis {€,}3_; C R3 for A, which representing points on T3
by § € R? with the identification

0 ~ 0+ 21l (133)

Let {¢*} denote the dual basis, £*- ¢, = §%,. Define the
2m-periodic scalar coordinates along the cycles by

9(0) = @

4

99(0 + 270y) = 9°(0) + 27 5%, (134)

The rest masses are universal over M, and the metric on
T3 is taken to be

ab) (135)

Gab = g(ﬁa,fb), (g = (gab)_l'

For each fermion type f, the background of commuting
Wilson lines are in the internal U(3) bundle. In a com-
muting Cartan background, the connection components
are taken to be constant and diagonalizable where

A0 — L g gge
2r ¢ ’

o) = diag(@{ 'V, 0{» e¥), (136)
and the phases @l(lf D) are the eigenphases of the holon-
omy in the representation Ry around the at? fundamental
cycle. The Wilson line around that cycle is

Wi = exp(—i @((lf)) =

0D _ief2) _ig(f3)
S e 0, e S )

diag(e (137)
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The internal Dirac operator in sector f reduces to
DY) = —iy* (9, +i AD)), (138)

with w, = 0 in this flat background. The temporal wave-
functions obey twisted boundary conditions

XD (0 4 2m0,) = e 705 (1) (), (139)
For a plane-wave mode on the covering space,
X9 () = exp(i kS 19“(9)) ulhd), (140)
the boundary condition implies
) y i ) @((lf,i)
elQﬂ'kgf ) _ e—zogf ) — kc(bf,z) =ng, — 2 ; (141)

™

where n, € Z. The corresponding Dirac eigenvalues sat-
isfy

E? = ¢%koky,. (142)

Choosing a Cartan basis {®;}5_, for u(3) and then the
constant Cartan connection can be written as

1
A, = o T, (@7, ®;] =0, (143)
iy

The Wilson loop around £, is then
W, = Pexp<—i?§ A) = exp(—i T/ ®;) € U(3). (144)
éa

Let Ry be a representation of U(3) and |w) a simultane-
ous eigenstate of the Cartan generators,

@ 1lw) = wrw). (145)

Then |w) is an eigenvector of each Wilson loop with
eigenvalue

W, |w) = e~ Tav1 ),

O.(w) =T wr (mod 27). (146)

For a fixed set of type covectors k; € R3, the three ob-
served families correspond to three distinguished Cartan-
weight vectors wy,; € R3. Any linear rule w,; = S, k;
with S,, € GL(3) induces the factorized holonomy shifts

eni)
2w

1
= B,k; (mod 1), B, = 5~ S € R3%3,
™

(147)
For the charged fermions n, = 0, where the allowed in-
ternal momenta are

k) = —(Bki)a, (148)
and the corresponding masses are therefore
= R
(Buki) g™ (Buki) = k] gnki,
(149)

where g, = Bl g7 'B,,.

In a commuting Cartan background, the internal U(3)
connection has gauge-invariant Wilson loops around the
three non-contractible cycles. These Hosotani-Wilson
[42] phases may be equivalently implemented as quasi-
periodic boundary conditions for the internal wavefunc-
tions. The holonomy generation-dependent linear map
B,, € GL(3) acting on type covectors k; € R? defines the
boundary twist phases which are a generation-dependent
momentum k(™" = —B,k; on a rigid manifold (T?, g),
or as a family of generation-dressed, symmetric, positive-
definite forms {g,} acting on common type covectors

This packaging of the Hosotani holonomy phases for
charged fermions by restricting to the ground state wind-
ing provides an effective mass law and compactification
on a rigid T? with commuting U (3) Wilson loops in which
rest masses are internal Dirac eigenvalues, and the species
phase vector is dressed by a generational depended mix-
ing.

Table IIT shows a benchmark normal-hierarchy fit us-
ing the same internal metric that generated Table II1. Af-
ter fixing the observed splittings and choosing a discrete
set of integer core vectors {k,}, TM yields mass eigen-
values near m; = 0.026420eV, my = 0.027785¢eV, and
mg = 0.056551 eV, with total mass >, m; ~ 0.111eV.

Table II show the fits to the known fermion masses of
SM. The spectrum has the scaling redundancy g — sg

1
and k — —= k, which leaves m? = k' gk invariant.

s

’Fermion‘ SM (GeV) ‘ TM (GeV) ‘

0.000510999

0.000510987

0.002160000

0.002160110

0.004700000

0.004700050

0.105658000

0.105657000

o R|a|ls|o

1.273000000

1.272990000

wn

0.093500000

0.093501400

1.776930000

1.776860000

172.5700000

172.5680000

T e [

4.183000000

4.183070000

TABLE II. Fit to the TM charged fermion masses using a
species phase vector k; dressed by a generation mixing matrix
By, where the target masses are in the SM column and the
TM column is the fit.

The neutrino sector is distinguished in TM by allowing

a nontrivial integer winding sector that cores the dressed

lepton covector down to a small residual. Introduce an

integer core vector k,, € Z3 for each generation and define
the residual neutrino momentum by

ku,n =B, kz - kn (150)

Because the charged-fermion fit fixes the dimension-

less temporal manifold (¢~*, B,,, k;) only up to an overall
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scale, the neutrino sector introduces a physical calibra-
tion constant «, converting the internal residual norm

or
myn = 0y \/ k,In 971 ku,n =0y ||ku,an—1'

The observed splittings fix «, once a discrete choice of
integer cores {k,} is made

(151)

Amd = o2 (ka2 = ka1,

amdy = o2 (ol — eyt l2-). (152)

Neutrino [SM (eV?)|TM (eV?)
Am3; | 0.000074 | 0.000074
Am3; | 0.002500 | 0.002500

NH n ™ (eV)
v (0,-1,0) | 0.026420
Vo (1,-1,1) | 0.027785
vs (-2,1,0) | 0.056551

TABLE III. Fit to the known Neutrino mass splitting.

Table III shows the fit using the same metric that gen-
erated Table II. Using the neutrino mass splitting in the
normal hierarchy, For the discrete winding choice and
calibration fixed by the measured splittings, TM yields a
lightest neutrino mass of 0.026 eV. In the Cartan quanti-
zation, the lowest lying mode is (0, —1,0) for the lightest
neutrino with higher windings for the two heavier neu-
trinos. The total mass for the neutrinos is 0.11 eV.

Neutrino masses arise from the internal temporal Dirac
operator in exactly the same way other fermion masses,
making neutrinos Dirac fermions. In this realization
there is no fundamental Majorana mass term, and lepton
number is conserved at the renormalizable level. A mini-
mal spectral Dirac neutrino sector should make neutrino-
less double beta decay absent at observable rates[43-46].

The photon and Z are the usual Cartan mixtures af-
ter symmetry breaking. The Higgs doublet is the low-
est scalar excitation of the internal connection along
the coset directions II with its mass set by the inter-
nal gauge action and the volume of T3. TM supports a
sterile right-handed neutrino sector, where trivial repre-
sentation spinor modes of U(3) with no 7% and no Y,
whose internal Dirac eigenvalues give gravitationally in-
teracting fermions that can supply dark matter through
an effective cosmological constant from the same trivial
temporal sector. The graviton is then the fluctuation of
the Lorentzian metric reconstructed from a chronomet-
ric field ¢, and couples universally to all internal energy,
including temporal curvature.

XI. MIXING AND HIGGS DYNAMICS

The previous section treated a commuting Cartan
background on T3, which is sufficient to extract a zeroth-
order spectral mass law. The present section relaxes
that restriction and allows generic non-abelian holon-
omy. Once the Wilson loops around independent cycles
fail to commute, the internal Dirac operators in differ-
ent sectors are no longer simultaneously diagonalizable,
and the resulting misalignment appears in four dimen-
sions as CKM and PMNS mixing. Thus the commut-
ing background controls leading-order mass scales, while
noncommuting holonomy and coset fluctuations control
flavor mixing and Higgs-induced off-diagonal structure.

Let C C T2 be a closed loop and define the tempo-

ral Wilson line W((C) = Pexp(~if, AV) € U3),
where A € QY(M,,u(3)) is the fixed internal connec-
tion. Each SM fermion sector f carries a representa-
tion Ry : U(3) — U(]HI(Tf))7 and the induced sector
connection AY) = R;.(A), and holonomy W) (C) =

Ry (Pe’ifc A) € U(H(Tf)). For flavor, a generic U(3)

background on T2 admits noncommuting holonomies for
loops Cy,Cy. The matrices W(Cy) and W (Cz) need not
commute, so there is in general no global basis that di-
agonalizes the temporal parallel transport.

In TM, this non-abelian holonomy is processed through
the sector representations Ry and through the sector’s

temporal Dirac operators D;f ), whose eigenmodes define
the internal wavefunctions y(/)(#) that enter the effective
four-dimensional theory. In the low-energy theory the
fermion masses arise from Yukawa matrices Yy and the
Higgs vacuum expectation value, so that

v
V2
The physical mass eigenstates are obtained by biunitary
diagonalization

My = Yy, (153)

Uéf)T My U}(Qf) = diag(mfl y My, mfs): (154)

where the neutrinos are just appended to Equation (132)

as [ = {u,d, e, v}, and only the left-handed matrices Uéf)
enter charged currents. Therefore the observable mixing
matrices are the relative left-handed basis mismatches
between paired sectors,

Upnins = ULTUY, Ve = USTUE. (155)
In TM, the matrices U éf ) are not free inputs. They are
determined by the same underlying temporal holonomy
of A evaluated in the representation R; and restricted
to the relevant left-handed subbundle selected by the
SU(2)r, embedding together with the sector-dependent

spectrum and eigenmodes of Dgf ) Because the back-

ground holonomies are noncommuting, the induced effec-
tive Yukawa matrices need not be simultaneously diago-
nalizable across sectors, and CKM-PMNS [47-49] mixing
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emerges as a geometric consequence of a single internal
U(3) connection.

Within TM, the Higgs doublet is interpreted as the
lowest scalar excitation associated with fluctuations of
the internal U(3) connection along the coset directions of
the electroweak embedding described at the end of Sec-
tion VI. Concretely, the internal gauge field is expanded
about the locked background as

Aqg(x,0) = AP (0) + 64, (x,0),
5Aa($, 9) — 6A((lunbroken) (.’E, 9) +
E(x) €a(0) + €M) E1(O) + ...,

where £,(6) takes values in the coset generators. So that
&(z) transforms as an SU(2)y, doublet with hypercharge
+1/2. The locking ansatz is imposed on the background
fields, while Higgs dynamics arise from small z-dependent
fluctuations 0A,(z,0) in the traceless coset directions.
These fluctuations generate mixed field strength compo-
nents of linear order,

(156)

Flua = 0uAq — 0, A, +i[A,, Adl, (157)
and their four-dimensional kinetic term descends from

the higher-dimensional Yang-Mills [50] action

S = —é /d% d®0 /—gag, Tr FapFAB.  (158)
Separating background and fluctuations as
Ay = AP (2) + 5A,(2,0),
Ay = AP (0) + 6A,(x,0), (159)
the mixed curvature expands to first order as
Fua = 0,64, — DA, + ..., (160)

and inserting the KK-style mode decomposition Equa-
tion (156) into [ d®@ Tr F,,, F"* yields the Higgs kinetic
term

ID,£%, D¢ = (au +i Y AP (2) T,§H>> ¢ (161)

ke EW

providing the geometric origin of (D,&)T(D”E), and
in the standard way with an SU(2)r x U(1l)y basis,
APT = gwer™ + ¢ B, Yy, with Yy = +1/2.

In gauge-Higgs unification the quartic interaction is
inherited from the non-abelian curvature in the purely
internal sector, Tr F,, F%® O Tr[A,, Ap]?. Once the coset
mode is projected onto its normalized internal profile
£a.(0), and its effective coupling is set by g,. The Higgs
mass term is controlled by the same geometry as in stan-
dard gauge-Higgs unification where ”the Higgs boson is
identified with the fifth component of a gauge field” [51],
can arise from the holonomy and radiative effects consis-
tent with the higher-dimensional gauge symmetry. TM
treats the electroweak Higgs as an internal component of

the U(3) temporal connection with its dynamics emerg-
ing from the time-bundle curvature rather than from an
independent scalar sector.

The same identification also ties Yukawa couplings di-
rectly to geometry. Starting from the fermion action

S = /d4x d*0 v/ =gagr V(iT* D, +iT°D,) ¥, (162)
with

D, =0,+w,+iA,(z,0),

Dy = 04 + wq +1Au(z,0), (163)

and the product representation I'* = v* ® 1 and I'* =
~® ® v* with the internal gauge interaction contains

Sint D /d‘*mﬁm/dfw\/gi@(z,e) iT Ay (z,0) U(z,6).

(164)
Expanding the fermions into four-dimensional fields
times temporal eigenmodes

f
Zwu W) +
Zwﬁ{i X0+

and inserting the coset fluctuation J§A,(x,60) D

E(z) &4 (0) + €T () €1(0) gives
Sint = /d%ﬁZzpm

(165)

() ¥ (2)

[@ova e aeo]+- . o)
which reduces to the four-dimensional Yukawa interac-
tion

S = [ ' /=51 Zw“) E@) v (@) (V)i +--

(167)
with the geometric Yukawa matrix given by the overlap
integral

(Vi) =i /M 0 /5 D O) T 0) L (0). (168)
This recovers the Yukawa Lagrangian,
£ = ()i o) (@) €() 0¥ (@)
~ (Y@ @ 0@, (169)

and makes explicit why flavor structure is not indepen-
dent in TM. Hierarchies in fermion masses correspond to
hierarchies in internal overlaps of temporal eigenmodes
with the Higgs profile. Complex phases arise from non-
trivial holonomy and internal mode structure. The re-
sulting Yukawa matrices are not constrained to be sym-
metric and the same coset fluctuation that generates
(D,E)T(DHE) also generates the Yukawa sector, while
the noncommuting temporal holonomy that controls the
¢ )(0) ensures that the Yy are misaligned across sectors,
producing CKM-PMNS mixing.
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XII. CONCLUSION

TM is a shift in what is taken as fundamental. Instead
of quantizing spacetime, TM elevates quantum structure
to temporal geometry with quantized windings. The
U(1) phase that appears as Schrédinger time evolution
is interpreted as winding and its dual in internal time,
and the unitary phase evolution in external time is a
shadow of that winding. In this sense quantum mechan-
ics is temporal in nature, while relativity governs how
those temporal structures are connected through proper
time and the Lorentz group.

External Lorentzian geometry is sourced by effective
stress-energy induced by internal temporal structure. In
this sense, gravitational dynamics are not independent
of temporal geometry but are its external geometric re-
sponse. Small perturbations of the emergent metric
are therefore interpreted as the usual diffeomorphism-
governed spin-2 excitations of the effective spacetime de-
scription, rather than as independent fundamental de-
grees of freedom prior to the temporal construction.

Once the U(3) temporal bundle is fixed in the con-
struction with M, = T3, SM structures become different
projections of the same temporal geometry. Rest masses
arise spectrally as eigenvalues of the internal Dirac oper-
ator D,. Flavor mixing is holonomy, where CKM-PMNS
originate from the same non-abelian parallel transport
in the temporal bundle evaluated in different representa-
tions and chiral restrictions. The observed electroweak
scalar is interpreted geometrically as the lowest coset ex-
citation of the internal connection along II, rather than
a fundamental scalar postulated to solve the hierarchy
problem. Electroweak structure and the Higgs coset arise
from the U(3) sector on E. SU(3)¢ is carried by the
Hodge factor SU(3)¢c C U(3) acting on the negative gen-
eralized subbundle C.

The apparent arrow of time and quantum measure-
ment are interpreted as projections of coherent U(1) evo-
lution in internal time, where perceived time emerges
from the orientation and monotonic phase winding of in-
ternal U(1) evolution over M, inducing geodesic struc-
ture in external spacetime. TM recasts physics as mani-
festations of spectral and topological structure on a tem-
poral manifold, unifying gauge theory, general relativ-
ity, and quantum field theory within a single geometric
paradigm.

In terms of cosmological implications, it is possible that
the same internal temporal geometry that fixes the four-
dimensional mass spectrum also partitions cosmological
components into sectors of the temporal spectrum. After
the phase lock, the internal spinor modes that lie in the
trivial-representation sector of the temporal U(3) bundle
and carry no SU(3)c x SU(2)r x U(1)y charges appear
in four dimensions as gauge-inert fermions, providing a
dark sector whose masses are set by the trivial-sector
eigenvalues of the internal temporal Dirac operator and
whose cosmological impact is governed by their phase-
space distributions and production history.

This would make dark components which are not sepa-
rate substances appended to gravity but distinct sectors
of the temporal spectrum. Visible matter corresponds
to nontrivial representations, while trivial modes supply
a generic sterile population that could constitute dark
matter. Depending on their characteristic momentum at
production, these species could behave as cold, warm,
or hot relics where cold components behave as standard
collisionless dark matter. In the rigid late-time regime
assumed, temporal vacuum energy associated with the
internal geometry mimic a cosmological constant. The
same geometric overlap structure that yields effective
Yukawa couplings in the visible sector also enables early-
universe population of the trivial sector.
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