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Abstract

We derive the emergence of nuclear-like composite structure from Time-Scalar
Field Theory (TSFT), in which time is promoted to a physical scalar field O(z, )
and matter arises from coherence-stable eigenmodes of the scalar-time operator.
Building on the previously derived particle spectrum, closure condition, and inter-
action hierarchy, we show that confined multi-fermion bound states arise naturally
from composite coherence locking without introducing new fundamental postulates.

Starting from the scalar-time field, the coherence eigenvalue problem, and the
closure condition

3n+2¢+h=0 (mod 6),

we construct admissible three-fermion composite states and derive the conditions
under which integer-charged spin-% nucleon-like structures emerge. In particular,
we show that the minimal closure-preserving confined composites built from ad-
missible fractional-charge fermionic modes yield a positively charged proton-like
state and a neutral neutron-like state as the first nontrivial nuclear-scale bound
structures of the theory.

We further show that mass-energy equivalence is recovered directly from scalar-
time eigenfrequency structure, without invoking General Relativity, through the
identification of rest mass as the intrinsic coherence frequency of a stable mode.
This yields the relativistic rest-energy relation

E = mc?
as a consequence of scalar-time wave dynamics and provides the natural energetic
framework for composite nuclear binding.

The resulting formalism supplies a self-contained derivation of nucleon-like bound
states, composite confinement, and the first layer of nuclear structure directly from
scalar-time coherence dynamics. This extends TSFT from particle and interaction
emergence into the nuclear domain and provides a structural bridge from temporal

resonance to matter architecture.
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1. Introduction

Time-Scalar Field Theory (TSFT) begins from the postulate that time is not a passive
coordinate but a physical scalar field:

O(z,1). (1)

In this framework, physical structure arises from gradients, curvature, phase closure, and
coherence stability within the scalar-time field. Stable matter states are not assumed as
primitive objects. Rather, they appear as persistent coherence-preserving eigenmodes of

scalar-time dynamics.

Earlier stages of the TSEF'T program established the central particle and interaction spine
of the framework. First, admissible particle-like states were derived from the scalar-time

coherence operator through the eigenvalue problem

Cotln = Athn, (2)

with each admissible mode labeled by a discrete set of indices

wn,q,h,m (3)

where n denotes spectral level, ¢ family index, h closure index, and s spin. These modes
satisfy the scalar-time closure condition

3n+2¢+h=0 (mod 6), (4)

which determines the admissible particle spectrum and produces the observed charge
classes through

h
Q=1 (5)

Second, the interaction structure of TSF'T was derived from temporal-frame deformation.
Writing the temporal gradient as

T, = 0,0 + a,, (6)

with curvature tensor

F,u,u - auay - al/a,uy (7)
the interaction field equation takes the form
O, F"" + M?at = J*. (8)

This yields three interaction sectors: a massless propagating regime, a massive conversion

regime, and a composite locking regime. Of particular importance for the present work
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is the third regime, in which the deformation field is algebraically constrained and the

relevant source becomes the composite coherence density
Pcomp = Z &ﬂﬁg (9)
2%

This sector produces confined composite binding and supplies the first structural basis
for nuclear-like matter formation.

The purpose of the present paper is to extend that framework into the nuclear domain
in a self-contained manner. The central question is no longer whether particles can
emerge from scalar-time coherence, nor whether interactions can arise from temporal
deformation. Those results have already been established. The next question is whether
confined multi-fermion composites built from admissible TSFT particle modes naturally
organize into nucleon-like bound states and thereby produce the first layer of nuclear
structure.

The goal is not to reproduce the full phenomenology of nuclear physics in one step. We
do not attempt here to derive the entire nuclear chart, shell structure, magnetic moments,
weak decay lifetimes, or the complete Standard Model interpretation of hadronic matter.
Instead, we pursue a narrower and more rigorous result. We ask whether the already-
derived TSF'T particle spectrum and composite-locking sector are sufficient to imply the
existence of minimal stable integer-charged spin—% three-fermion composites. If so, these
states constitute the natural proton-like and neutron-like seeds of nuclear physics within
the theory.

A second objective of this paper is to establish the energetic meaning of mass in a purely
scalar-time framework. Since TSFT treats stable particles as temporal coherence modes,
rest mass should arise from intrinsic scalar-time eigenfrequency rather than from exter-

nally imposed relativistic assumptions. We therefore show that the mass-energy relation
E =mc® (10)

follows directly from scalar-time wave dynamics and the dispersion structure of stable
coherence modes, without invoking General Relativity. This provides the appropriate
energetic language for bound nuclear composites and makes the passage from particle

modes to nuclear states physically transparent.

The logic of the paper is therefore as follows. We begin by recovering mass-energy equiva-
lence from scalar-time eigenfrequency structure. We then construct admissible composite
fermion states from the previously derived closure-preserving particle spectrum. From
these, we identify the minimal integer-charged three-fermion composites and show that
the lowest closure-preserving spin—% branches define proton-like and neutron-like bound
states. Finally, we interpret these states as the first nuclear-scale coherence structures
implied by TSFT and discuss how the composite locking sector naturally extends toward

larger nuclei.
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The resulting derivation aims to establish the following progression:

©(z,t) — coherence eigenmodes — particle spectrum — interaction structure — confined three-f

(11)
If successful, this would mark the first recovery of nuclear structure from the scalar-
time field alone, continuing the TSFT program from temporal foundations to particles,
interactions, and now the architecture of matter itself.

2. Recovery of Mass-Energy Equivalence from Scalar-Time Eigen-

frequency

A necessary ingredient of any nuclear-scale theory is an internally derived notion of rest
energy. If TSFT is to describe composite matter from first principles, it must recover the
mass-energy relation without appealing to General Relativity or importing relativistic

geometry as a prior assumption. In this section we show that the rest-energy relation
E = mdc (12)

arises directly from scalar-time wave dynamics.

2.1 Scalar-Time Oscillatory Modes
The starting point is the scalar-time field
O(z, 1), (13)

which supports coherent oscillatory modes. For a locally stable mode, we consider the

harmonic ansatz

O(z,t) = Oy + Ac'lkr=wh, (14)

where Oq is a coherence-stable background, A is the mode amplitude, k is the spatial

wavevector, and w is the temporal oscillation frequency.

The existence of stable particle-like states in TSFT implies that such modes admit a
nontrivial rest-frequency sector. Accordingly, the scalar-time dispersion law takes the
form

w? = Ak? + w3, (15)
where wy denotes the intrinsic coherence frequency of the stable mode in its rest config-

uration.

This relation is not inserted phenomenologically. It is the minimal dispersion structure
for a field mode possessing both propagating spatial variation and a nonzero internal

temporal coherence scale. The first term represents propagating scalar-time structure,
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while the second represents persistent intrinsic temporal oscillation.

2.2 Energy from Scalar-Time Frequency

In TSFT, energy is associated with temporal oscillation. For a coherence mode of fre-

quency w, the natural quantum-compatible identification is
E = hw. (16)
Likewise, spatial momentum is associated with the wavevector:

p = hk. (17)

Multiplying the scalar-time dispersion law by A? gives
R?w? = ARE? 4 RPw?. (18)
Using the energy and momentum identifications, this becomes
E? = p*c® + hAwj. (19)
We now define the rest mass of the coherence mode by its intrinsic scalar-time frequency:
me* = hwg. (20)
Substituting this into the previous equation yields

E? = p*c? + m*ch. (21)

Thus the relativistic energy-momentum relation is recovered directly from scalar-time
mode structure, without any appeal to spacetime curvature or General Relativity.

2.3 Rest Energy

For a mode in its rest configuration,
p=0, (22)

and therefore
E =mdc*. (23)

This is the rest-energy relation. In the TSFT interpretation, it means that mass is not a
primitive substance-like property. Rather, mass is the energetic expression of persistent
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intrinsic temporal coherence:
hCLJ()

= (24)

m =

Stable matter therefore carries mass because it stores scalar-time oscillation in a coherence-

preserving bound form.

2.4 Interpretation

This result has direct significance for nuclear physics. Composite states in TSFT are
not simply collections of constituent labels. They are new coherence-locked structures
with their own collective temporal organization. Accordingly, a composite bound state
possesses its own effective intrinsic frequency,

Weomp, (25)

and hence its own rest energy

Ecomp - hwcomp - compc2- (26)

The mass of a nuclear-like composite is therefore determined by the total locked scalar-
time coherence of the bound state rather than by a simple additive sum of free constituents
alone. Binding energy corresponds to the energetic difference between the coherence-
locked composite frequency and the separated constituent frequencies.

This gives TSFT a natural mass-energy language for confined matter:

intrinsic temporal coherence — rest mass — rest energy. (27)

2.5 Summary

The mass-energy relation in TSFT follows from scalar-time eigenfrequency structure:

w? = k* + Wi, (28)
E = lw, (29)

p = hk, (30)
me® = hw. (31)

These together imply

and in the rest frame,
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Thus mass-energy equivalence is recovered as a direct consequence of scalar-time coher-
ence dynamics, providing the energetic foundation needed for the emergence of nuclear-
like composite states.

3. Admissible Fermionic Constituents from Scalar-Time Closure

Having established the energetic interpretation of scalar-time coherence modes, we now
construct the admissible fermionic building blocks required for nuclear-scale composite
states. The objective of this section is to identify the minimal set of fermionic modes
permitted by scalar-time closure that can participate in confined multi-particle binding.

3.1 Scalar-Time Eigenmode Labels

In Time-Scalar Field Theory, stable particle-like excitations arise as coherence-preserving
eigenmodes of the scalar-time operator

Coth = M. (34)

Each admissible eigenmode is labeled by a discrete set of quantum indices

wn,q,h,m (35)
where
n : spectral index, (36)
q : family index, (37)
h : closure index, (38)
s : spin. (39)

The admissibility of these modes is determined by the scalar-time closure condition

3n+2¢+h=0 (mod 6). (40)
This condition ensures coherence stability and restricts the allowed particle spectrum.

3.2 Charge from Closure Structure

The closure index h determines the electric charge of the mode through

Q== (41)
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Since h is an integer, the allowed charge values become

2 1 12
626{-~f—L—§f—?05?§,L~-}- (42)

This fractional charge spectrum arises directly from scalar-time closure arithmetic and

does not require external gauge assumptions.

Of particular importance for nuclear structure are the minimal fractional-charge fermionic

modes

1

2

These represent the lowest-magnitude fractional charges capable of forming integer-charged

composites.

3.3 Fermionic Nature of Constituents

The particle spectrum derived previously includes fermionic modes with spin

(44)

525.

These spin—% modes form the natural building blocks for composite nuclear-like states.
Denoting the lowest admissible fractional-charge fermions by

du with Q=7 (45)

and
1

da with Q=g (46)

we emphasize that the labels u and d are purely shorthand identifiers for admissible TSF'T
eigenmodes and are not imported Standard Model assumptions.

3.4 Composite Formation Criteria

Composite states in TSFT arise through coherence locking. The composite coherence
density is given by
Pcomp = Z ¢i¢j7 (47)
2%

which acts as the source for confined multi-particle binding.

A bound composite state therefore takes the form

Yeomp = C (Y1 @ @ -+ @ Py), (48)
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where C' denotes the coherence-locking operator and each constituent v; satisfies the

scalar-time closure condition.

The total composite charge is additive:

Qrot = Z Qi (49)
Likewise, total spin is obtained through closure-preserving angular momentum coupling.

3.5 Minimal Integer-Charge Composite Requirement

Nuclear-like bound states must satisfy two basic conditions:

First, the composite must possess integer charge:

Qrtot € Z. (50)

Second, the composite must admit a stable spin—% configuration.
We now examine the minimal fermionic combinations that satisfy these requirements.
3.6 Two-Fermion Composites

Consider first two-fermion combinations constructed from the lowest fractional charges.

Possible charge combinations include

2 2 4
24 2= 51
s t3= 3 (51)
2 1 1
Z__-_Z H2
7373 (52)
1 1 2

S _L__Z 53
3 3 3 ( )

None of these yield integer charge. Therefore, two-fermion composites constructed from

the lowest admissible fractional-charge modes cannot produce nucleon-like states.

3.7 Three-Fermion Composites

We now consider three-fermion combinations. The minimal integer-charge combinations

are

=1, (54)

and
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————— = 0. (55)

These represent the minimal integer-charge three-fermion composites permitted by scalar-

time closure.

Thus the first admissible nucleon-like candidates are

v, =C

(Vy ® Vg @ Ya). (57)

These states naturally possess integer charge and represent the minimal three-fermion
bound structures in TSFT.

3.8 Spin Structure

Each constituent fermion carries spin

Three spin—% constituents combine according to

1 1 1 1 1 3
39385739595 (59)

The coherence-locking mechanism selects the lowest-energy closure-preserving branch,

yielding stable Spin-% nucleon-like states.

3.9 Result

The minimal scalar-time closure-preserving three-fermion composites are therefore

U, = C(Yuthutba), (60)
U, = C(uthatba). (61)

These represent proton-like and neutron-like bound states emerging directly from scalar-

time closure and coherence locking.

We now proceed to analyze the confinement mechanism that stabilizes these composites.
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4. Coherence-Mediated Binding from Scalar-Time Structure

Having identified the minimal admissible three-fermion composites, we now derive the
mechanism responsible for their stability. In Time-Scalar Field Theory, confinement is
not imposed as a separate interaction but arises naturally from scalar-time coherence
locking in the auxiliary deformation sector.

4.1 Temporal Deformation Field

Interactions in TSF'T arise from temporal-frame deformation. The temporal gradient is

written as
T, = 0,0 + a,, (62)

where a,, is the temporal deformation field.

The associated curvature tensor is

F,., = 0,a, — 0ya,,. (63)

The general interaction dynamics follow from the Lagrangian

1 1 _
L, = ~1 w4+ 3 3aua“ + gvyra,p. (64)

Variation with respect to a, yields the field equation
O, F"" + M2at = J*", (65)

where

JH = gipytp. (66)

This equation produces three interaction regimes depending on the dynamical role of a,,.

4.2 Auxiliary Confinement Regime

In the confinement regime, the deformation field is non-propagating. This corresponds

to the auxiliary limit
oE

day,

0. (67)

In this limit, the field equation reduces to

M2a" = J*. (68)
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Solving algebraically gives

1
CL'u = WJM (69)
Substituting this back into the interaction energy produces the effective composite inter-
action .
Econt = _2M2 /Ju(.I)J'u(I> d4$. (70)

This expression describes an attractive composite interaction generated by scalar-time
coherence locking.

4.3 Composite Coherence Density

For multi-fermion states, the relevant source becomes the composite coherence density

Pcomp = Z @Eﬂ/}g (71)

The interaction energy therefore takes the schematic form
Eeont = — / Peomp () K (2 — ) peomp (¥') d*x d*2, (72)

where K (x — ') is the effective composite kernel derived from the auxiliary deformation
field.

This interaction favors localized multi-fermion configurations and produces confinement

of constituent fermions.

4.4 Binding Condition

A composite state is stable when its energy satisfies
Eeomp < Y _ B, (73)
i

where F; are the energies of the separated constituents.

Since the effective interaction is attractive, scalar-time coherence locking lowers the energy
of the composite configuration. This produces stable bound states.

4.5 Application to Three-Fermion States

Applying this mechanism to the minimal three-fermion composites identified earlier,
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“Iln = é(wuwd¢d)> (75)

we obtain confined three-fermion bound states stabilized by scalar-time coherence locking.

The composite energy becomes

Ecomp = Z Ez + Econf> (76)

with
Eoont < 0. (77)

Thus the three-fermion configurations form stable bound states.

4.6 Emergence of Nuclear-Scale Structure

These confined three-fermion composites represent the first nuclear-scale structures in
TSE'T. Once nucleon-like states exist, further binding between composites becomes pos-

sible, leading to larger nuclear configurations.

The resulting structural progression is

fermions — three-fermion composites — nucleon-like states — multi-nucleon nuclei.

(78)

Thus nuclear structure emerges naturally from scalar-time coherence locking without

introducing additional fundamental interactions.

4.7 Summary

The confinement mechanism in TSFT follows from:

T, = 0,0 + ay, (79)

O, F"" + M?at = J*, (80)
1

(IM = WJM’ (81)
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These relations produce attractive composite binding and stabilize the minimal three-
fermion states identified previously. This provides the dynamical basis for proton-like
and neutron-like bound structures in Time-Scalar Field Theory.

5. Proton-Like and Neutron-Like Composite States

We now construct the minimal nucleon-like bound states implied by scalar-time closure
and composite confinement. Having identified the admissible fermionic constituents and
the confinement mechanism, we proceed to derive the lowest-energy integer-charged spin-

1 .
5 composites.

5.1 Minimal Integer-Charge Three-Fermion Composites

From the admissible fractional charges

2 1
= =, = 83
Q=2 Qu=-—3 (53)
the minimal integer-charge three-fermion combinations are
2 2 1
— 242 _ - _1 84
and 5 1 1
== — = =0. 85
Qu=35-3-3 (85)

These correspond to the minimal integer-charge composites permitted by scalar-time

closure.

We therefore define the proton-like and neutron-like states as

U, = C(thy @ thy ® ), (86)

C Yy ® g @ ). (87)

These are the lowest three-fermion bound states with integer charge.

5.2 Closure Preservation
Each constituent fermion satisfies the scalar-time closure condition

3n; +2¢; + h; =0 (mod 6). (88)
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The composite state must also satisfy closure. The total composite indices are
Neet = Y _ni, (89)
Qtot = Z Qi (90)
Htot — Z hz (91)

The composite closure condition becomes

3Nt0t + 2Qtot + Htot =0 (mOd 6) (92)

Since each constituent individually satisfies closure, the composite also preserves scalar-
time coherence stability.

5.3 Spin Structure

Each constituent fermion has spin

1
=—. 93
s=5 (93)
The three-fermion spin structure is
1 1 1 1 3
I RI @ -=—p-o . 4
2®2®2 2@2@2 (04)

Not all formally allowed spin branches are dynamically realized. In TSFT, the physi-
cally realized composite branch is the closure-admissible state minimizing the scalar-time
coherence energy. For a candidate composite spin sector Wg, define

Es=(Ys | He | ¥g), (95)
subject to the closure condition

3Nt0t + 2Qt0t -+ Htot = 0 (mOd 6) (96)

The coherence-locking operator C therefore selects

\Ilground = arg min <\IIS | H@ | \IIS>7 (97)

leS eHadm

comp

where H2d™ denotes the closure-admissible composite subspace.

comp

Higher-spin branches require greater internal scalar-time curvature and therefore higher

coherence energy. Accordingly, the lowest-energy closure-preserving branch is the spin—%
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branch, yielding nucleon-like ground states
1
= — 98
SP 27 ( )
1
y = —. 99
Sn =3 (99)
5.4 Mass from Scalar-Time Eigenfrequency
Each composite state possesses an intrinsic scalar-time coherence frequency
Weomp- (100)
The corresponding rest energy is
Ecomp = hwcomp- (101)
Using the mass-energy relation derived earlier,
Ecomp = CompCQa (102)
we obtain
thOm
Meomp = 2 P (103)

Thus the proton-like and neutron-like masses arise from composite scalar-time coherence

locking.

5.5 Near Degeneracy of Proton and Neutron

The proton-like and neutron-like states differ only in the arrangement of fractional-charge

constituents. Since both are three-fermion composites with similar coherence structure,

their intrinsic frequencies satisfy

Wy R Wy

This implies
M, =~ M,,.

Small asymmetries in constituent structure lead to a small mass splitting

AM = M, — M,

This naturally explains the near-degeneracy of proton and neutron masses.

(104)

(105)

(106)
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5.6 Result
We therefore obtain two minimal nucleon-like states:
A 1
Uy = Cututa),  Q@=+1,  s=g, (107)

1

Uy = Clputata),  Q=0,  s=3 (108)

These represent proton-like and neutron-like bound states emerging directly from scalar-

time coherence dynamics.

5.7 Emergence of Nuclear Matter

Once nucleon-like composites exist, larger structures follow naturally. Multi-nucleon bind-
ing yields
nucleons — light nuclei — heavy nuclei. (109)

Thus nuclear matter emerges directly from scalar-time closure and coherence locking.

6. Residual Interactions and Multi-Nucleon Binding

With proton-like and neutron-like composite states established, we now consider the
next structural layer: interactions between nucleon-like composites. These residual in-
teractions give rise to multi-nucleon bound states and therefore the emergence of nuclear
matter.

6.1 Residual Composite Interaction

The composite confinement mechanism derived earlier produces stable three-fermion
bound states. However, the same scalar-time coherence structure also produces resid-

ual interactions between composites.

Let ¥, and Vg denote two nucleon-like composite states. The composite coherence

density becomes

pcomp - ‘ijA\IjA‘i_\I/B\I/B‘i‘\I/A‘I/B‘i‘\IIB\I/A. (].]_0)

The cross terms generate an interaction between composites. Substituting into the con-
finement energy expression yields

Frw = — / B A(2)0 () K (2 — 2) () U (o) b dPa. (111)
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This represents an attractive residual interaction between nucleon-like states.

6.2 Short-Range Character

The residual interaction inherits its spatial structure from the composite kernel K (x — z’)
derived from the auxiliary deformation field. Since the underlying coherence-locking
interaction is localized, the resulting residual interaction between nucleon-like composites
is also localized in space.

The effective residual interaction therefore takes the schematic form

Vir) ~ K(r), (112)

where K (r) is a localized kernel determined by scalar-time coherence dynamics.

In general, localized kernels produce finite-range interactions. Thus the residual nucleon
interaction in TSFT is naturally short-range.

This yields nuclear-scale binding and finite-range multi-nucleon structure without intro-
ducing additional fundamental interactions.

6.3 Two-Nucleon Binding
The simplest multi-nucleon bound state consists of a proton-like and neutron-like pair:

~

Up=C(¥,0,). (113)

This state represents the minimal two-nucleon bound configuration.

The total energy is

Ep=E,+ E, + Ey. (114)

If

Eres < 0, (115)

then the composite state becomes bound.

Thus TSFT naturally predicts the existence of a stable two-nucleon bound state.

6.4 Multi-Nucleon Extension

The same mechanism extends to larger bound states. A general nucleus is described by
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\Ijnucleus :C’(\Pl®\p2®®\PN) (116)

The total energy becomes

Enucleus = Z Ez + Z Ezy (117)

i<j
Here E;; represents residual pairwise interactions between nucleons.
This structure leads naturally to nuclear binding.

6.5 Saturation Behavior

Because the residual interaction is short-range, nucleons interact primarily with near
neighbors. This produces saturation of nuclear binding energy.

Thus TSFT predicts
Ebinding x A, (118)
for large nuclei, where A is nucleon number.
This behavior matches the observed saturation of nuclear forces.
6.6 Emergence of Nuclear Structure

The resulting hierarchical structure becomes

fermions — nucleons — light nuclei — heavy nuclei. (119)

This progression arises entirely from scalar-time coherence dynamics.

6.7 Summary

Residual scalar-time coherence interactions between nucleon-like composites produce

e short-range nucleon attraction,
e two-nucleon bound states,
e multi-nucleon nuclei,

e saturation behavior.
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Thus nuclear matter emerges naturally from Time-Scalar Field Theory without introduc-

ing additional fundamental interactions.

7. Predictions and Experimental Signatures

The emergence of nucleon-like composite states from scalar-time coherence leads to
testable structural predictions. These predictions arise directly from the closure con-

dition, composite locking, and residual interaction structure derived previously.

7.1 Discrete Composite Spectrum

Since TSFT produces discrete fermionic eigenmodes, nucleon-like composites also form
a discrete spectrum. Higher-energy three-fermion combinations correspond to excited
nucleon-like states:

B = C(abn), (120)

where at least one constituent occupies a higher scalar-time eigenmode.

These states produce a hierarchy of excited nucleon-like resonances

Eo<BEi<EBEy<---. (121)

Thus TSFT predicts a discrete nucleon excitation spectrum.

7.2 Additional Composite Families

The closure condition

3n+2¢+h=0 (mod 6) (122)

permits higher spectral indices. Consequently, higher-family fermionic modes produce
additional nucleon-like composites:

VY = Cgtbytgr). (123)

These correspond to heavier nucleon-like states.

Thus TSFT predicts additional composite families beyond the lowest nucleon-like pair.
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7.3 Forbidden Charge States

The closure condition restricts allowed composite charges. Certain combinations are
forbidden:

Q¢EL (124)
for stable nuclear-scale composites.
Thus TSFT predicts the absence of stable fractional-charge nuclear states.
7.4 Near Degeneracy of Nucleon Pair

Since the proton-like and neutron-like states arise from similar three-fermion structures,
TSF'T predicts

M, =~ M,,. (125)
Small deviations arise from asymmetry in fractional-charge arrangement.
This predicts near degeneracy of nucleon masses.
7.5 Short-Range Nuclear Force

Residual interactions arise from the auxiliary deformation field, producing a short-range

interaction:

V(r) ~ e M, (126)
This predicts:
e short-range nuclear forces,

e saturation of nuclear binding,

e nearest-neighbor interactions.

7.6 Nuclear Stability Patterns

Short-range residual interactions produce stable nuclei at particular nucleon numbers.
This suggests that nuclear stability patterns emerge from scalar-time coherence geometry.

Thus TSFT predicts:
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stable nuclei <+ closure-compatible configurations. (127)

7.7 Summary of Predictions

The scalar-time nuclear framework predicts:

e proton-like and neutron-like composite states,
e discrete nucleon excitation spectrum,

e additional heavy nucleon families,

e absence of fractional nuclear charge,

e short-range nuclear forces,

e nuclear binding saturation,

e structured nuclear stability patterns.

These predictions follow directly from scalar-time coherence dynamics and provide ex-
perimental avenues for testing the theory.

8. Discussion: From Scalar-Time Coherence to Nuclear Matter

The derivation presented in this work establishes a continuous structural path from scalar-
time dynamics to nuclear matter. Beginning from the scalar-time field

O(z, 1), (128)

we have shown that stable particle-like excitations arise as coherence-preserving eigen-
modes. These modes obey closure conditions that determine admissible charge classes

and spin structure.

Once fermionic modes exist, the composite locking sector produces confined multi-fermion
bound states. The minimal closure-preserving three-fermion configurations yield integer-
charge spin—% nucleon-like states. Residual interactions between these composites then
generate multi-nucleon nuclei.

The resulting structural hierarchy is

©(x,t) — coherence eigenmodes — fermions — three-fermion composites — nucleons — nuclei.
(129)
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This hierarchy emerges without introducing new fundamental interactions. Instead, nu-

clear structure arises as a natural extension of scalar-time coherence dynamics.

8.1 Mass-Energy Interpretation

An important feature of this framework is the interpretation of mass as intrinsic scalar-
time coherence frequency. From the relation

E = hw, (130)
and the dispersion relation
w? = 2k + Wi, (131)
we obtained
E =mc. (132)

This result provides the energetic basis for composite binding. Nucleon-like states corre-

spond to new coherence-locked temporal structures with intrinsic frequencies
Weomp- (133)

These determine nucleon masses through

hw comp

M = 2

(134)

Thus nuclear binding corresponds to collective scalar-time coherence.

8.2 Comparison with Conventional Nuclear Physics

Conventional nuclear physics treats nucleons as fundamental building blocks and intro-
duces strong interactions as independent forces. In contrast, TSF'T derives nucleon-like
states and nuclear binding from scalar-time coherence.

The key distinctions are:

e Nucleons are composite coherence structures
e Confinement arises from auxiliary deformation fields

e Nuclear forces emerge as residual coherence interactions
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e Mass originates from temporal eigenfrequency

This provides a unified origin for nuclear structure.

8.3 Limitations and Scope

The present derivation focuses on structural emergence rather than full quantitative re-
production of nuclear phenomenology. We do not attempt to derive:

e precise nucleon masses
e nuclear shell structure
e magnetic moments

e weak decay lifetimes

These require additional numerical analysis of scalar-time eigenmodes and composite
locking energies.

The purpose of this work is to demonstrate that nucleon-like states and nuclear binding

arise naturally from scalar-time coherence.

8.4 Future Directions

Several extensions follow naturally:

e quantitative nucleon mass prediction
e nuclear stability modeling
e multi-nucleon binding calculations

e nuclear excitation spectrum

These developments will further test the scalar-time nuclear framework.

8.5 Summary

We have shown that nuclear structure emerges from scalar-time coherence dynamics. Be-
ginning from ©(z,t), the theory produces fermions, nucleon-like composites, and multi-
nucleon nuclei through coherence locking and residual interactions. This provides a uni-
fied origin for nuclear matter within Time-Scalar Field Theory.
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9. Conclusion

In this work, we have extended Time-Scalar Field Theory into the nuclear domain by
deriving nucleon-like composite states and multi-nucleon binding directly from scalar-
time coherence dynamics. Beginning from the scalar-time field

O(x,t), (135)

we constructed coherence-preserving eigenmodes, identified admissible fermionic con-
stituents, and demonstrated that the minimal integer-charge three-fermion composites

naturally produce proton-like and neutron-like bound states.

The derivation required no additional fundamental interactions. Instead, confinement and
composite binding arose from the auxiliary deformation sector of scalar-time dynamics.
Residual interactions between composite nucleons then produced multi-nucleon bound
structures, establishing the first layer of nuclear matter.

A second central result was the recovery of mass-energy equivalence from scalar-time
eigenfrequency structure. By identifying rest mass with intrinsic temporal coherence, we
derived the relation

E =mc® (136)

without invoking General Relativity. This provides the energetic foundation for composite
binding and nuclear structure within TSF'T.

The resulting framework establishes the following progression:

©(x,t) — coherence eigenmodes — fermions — three-fermion composites — nucleon-like states -
(137)

This represents a continuous derivation of nuclear structure from scalar-time coherence.

The present work focuses on structural emergence rather than full quantitative modeling.
Future developments will extend the framework to explicit mass prediction, nuclear stabil-
ity patterns, and excitation spectra. These investigations will further test the scalar-time

nuclear framework and refine its predictive capability.

The results presented here suggest that nuclear matter is not fundamental but emerges
from temporal coherence. In this view, the architecture of matter is ultimately governed
by scalar-time dynamics, extending the TSFT program from temporal foundations to

particles, interactions, and now the structure of atomic nuclei.
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A. Derivation of Mass-Energy Equivalence from Scalar-Time Dy-

namics

This appendix provides a detailed derivation of the mass-energy relation from scalar-time
field dynamics. The goal is to demonstrate that mass-energy equivalence follows directly

from scalar-time coherence structure without invoking General Relativity.

A.1 Scalar-Time Wave Dynamics

We begin with the scalar-time field

O(z,1). (138)

Stable particle-like excitations correspond to coherence-preserving oscillatory modes. We

therefore consider the harmonic ansatz

O(z,t) = Oy + Acike=wh, (139)

Here w represents the temporal oscillation frequency and k is the spatial wavevector.

A.2 Scalar-Time Dispersion Relation

In TSF'T, the scalar-time field supports wave propagation with finite characteristic veloc-
ity c¢. The general dispersion relation for a mode possessing intrinsic temporal coherence

1S

w? = Ak + wp. (140)
The parameter wy represents the intrinsic scalar-time coherence frequency of a stable
mode.

This dispersion relation represents the minimal Lorentz-compatible structure for a coherence-

preserving scalar-time mode.
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A.3 Energy-Frequency Relation
Energy in TSFT is associated with temporal oscillation. The natural identification is
E = hw. (141)
Similarly, spatial momentum is associated with wavevector:
p = hk. (142)
Substituting into the dispersion relation yields
E? = p*c® + hwj. (143)
A.4 Definition of Rest Mass
We define rest mass as the intrinsic scalar-time coherence frequency:
me® = hwg. (144)
Substituting this definition gives
E? = p*c® + m?ch. (145)
This is the relativistic energy-momentum relation.
A.5 Rest Energy
For a particle at rest,
p=0, (146)
and therefore
E = mc. (147)

Thus mass-energy equivalence follows directly from scalar-time coherence dynamics.
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A.6 Interpretation

In Time-Scalar Field Theory, mass is not a fundamental parameter. Instead, mass rep-

resents intrinsic temporal coherence:

huwo

m = ——.
C2

Stable matter therefore corresponds to localized scalar-time oscillation.

Composite bound states possess new intrinsic frequencies

Weomp s

leading to composite masses

hw comp

M = 2

This provides the energetic foundation for nuclear binding within TSFT.

A.7 Summary

Mass-energy equivalence in TSF'T follows from

w? =k + W,

E = hw,
p = hk,
me? = hwy.

These relations yield

E2 :p202 +m204,

and therefore

This completes the derivation.

(148)

(149)

(150)

(155)

(156)
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B. Coherence-Locking Operator and Composite State Formation

The construction of composite states in the main text relies on the coherence-locking
operator C. In this appendix we define this operator explicitly and derive its properties

from scalar-time coherence dynamics.

B.1 Composite Hilbert Space

Let the single-particle eigenmodes of the scalar-time coherence operator be given by

Cothi = it (157)

Composite states are constructed in the tensor product space

Hcomp :H1®H2®®HN (158)

A general composite state takes the form

U= > Ciipin®is @i @ - @iy, (159)

11,825, IN

Not all such states are coherence-stable. Stability requires closure of scalar-time phase

evolution.

B.2 Composite Coherence Functional

Define the composite coherence density
Pcomp = Z&ﬂb] (160)
2%
The composite coherence energy is then defined as

Euumn = [ 2V (prom) (161)

where V' (p) is the scalar-time coherence viability functional.
Stable composite states correspond to extrema of this functional:

OF, comp

o =0 (162)
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B.3 Definition of the Coherence-Locking Operator

We now define the coherence-locking operator as the projection operator onto extrema

of the composite coherence functional:

A E
C' = Proj (5(;% = 0) (163)

Thus composite states are defined by

\Ilcomp = CAf(wl ® ¢2 QK- ® wN> (164)

The operator C therefore selects coherence-stable composite configurations.

B.4 Binding Energy from Coherence Locking

Expanding the coherence functional around the minimum gives

1
Euumn = Bot 5 [ 50K 50 (165)

where K is the composite coherence kernel.

Negative eigenvalues of K correspond to attractive binding:

Fring <0 (166)

Thus coherence locking naturally produces bound composite states.

B.5 Closure Preservation

The coherence-locking operator preserves closure indices:

3n+2¢+h=0 (mod 6) (167)

Therefore composite states constructed via C automatically satisfy the closure condition.

B.6 Interpretation

The coherence-locking operator is therefore not introduced ad hoc. It emerges as the
projection operator selecting extrema of the scalar-time coherence functional. Composite

states arise from dynamical coherence locking rather than imposed binding potentials.



Farrell 33

This provides a first-principles definition of composite matter within the TSFT frame-

work.

C. Closure Structure and the Lowest Stable Fractional Charge

This appendix derives the lowest admissible fractional charge unit within Time-Scalar
Field Theory directly from scalar-time closure symmetry. The goal is to determine why
fractional charges arise in thirds rather than sixths, twelfths, or other finer subdivisions,

without invoking observational input or composite stability assumptions.

C.1 Scalar-Time Closure Arithmetic

Admissible particle modes in TSFT are labeled by integers (n, g, h) satisfying the closure

condition

3n+2¢g+h=0 (mod 6). (168)

This relation defines the scalar-time phase closure required for coherence-stable eigen-
modes. Because closure is defined modulo six, the admissible phase space is discretized

into six equivalence classes.

The closure index h therefore represents the residual phase class of the mode relative to

the spectral and family indices.

C.2 Charge from Closure Symmetry

Electric charge in TSFT arises from the closure index h. The natural charge assignment

18

Q- g (169)

This identification follows from the requirement that charge be invariant under full scalar-
time closure cycles. Since closure is defined modulo six, the smallest nontrivial closure

increment corresponds to

h—h+1. (170)

However, physical observables must remain invariant under full closure symmetry. Be-
cause the closure condition is modulo six, the physically distinct charge sectors correspond

to equivalence classes of h modulo three. Thus the observable charge is determined by
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h
=—. 171
Q=3 (1)
This yields the allowed charge spectrum
1 2
Qeq0,£=, = +£1,... 5. (172)
373
This fractional charge structure arises directly from scalar-time closure symmetry.
C.3 Minimal Observable Charge Sector
The scalar-time closure condition is defined modulo six:
3n+2¢g+h=0 (mod 6). (173)

However, observable charge must remain invariant under full scalar-time phase cycles.
Since a full closure corresponds to a phase rotation of 27, equivalent charge sectors are

those related by closure-preserving phase shifts.

Because the closure condition is modulo six, two values of h separated by three units

correspond to opposite phase sectors:

h— h+3 (174)

This transformation produces

Q—Q+1. (175)
Thus the physically distinct charge sectors correspond to equivalence classes of h modulo
three.

Therefore the minimal observable fractional charge unit is

Q=

g. (176)

C.4 Exclusion of Finer Fractional Charges

One may ask whether smaller fractional charges such as sixths or twelfths could arise.
However, such charges would require non-integer values of the closure index h.

For example, a sixth-unit charge would require
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(177)

which implies

h = (178)

| —

Since the closure index must be an integer, such fractional values are not admissible.
Thus sixth-based charge units are excluded by scalar-time closure arithmetic.

Similarly, twelfth-based charges would require
h=- 179
4 ) ( )
which again violates the integer closure condition.

Therefore, fractional charges smaller than thirds are excluded by the integer closure
structure of TSFT.

C.5 Lowest Nonzero Fractional Charge

The smallest nonzero admissible closure index is

h =+1. (180)
Substituting into the charge relation yields

1
Qumin = £3- (181)

Thus the lowest nonzero fractional charge permitted by scalar-time closure is one third.

C.6 Result
The scalar-time closure structure therefore implies

Qmin = % (182)

This result follows directly from the integer closure structure and does not rely on compos-
ite stability arguments or observational input. Fractional charges arise as closure-index
sectors of scalar-time coherence, and thirds emerge as the smallest physically admissible
fractional charge unit.

This provides a first-principles explanation for quark-like fractional charge within Time-
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Scalar Field Theory.

A. Appendix D: Variational Structure and Composite Selection
in TSFT

A.1 D.1 Derivation of the Scalar-Time Field Action

In Time-Scalar Field Theory, the scalar field ©(x,t) represents the local rate of temporal
evolution and therefore constitutes the fundamental dynamical degree of freedom of the
theory. The dynamics of © must therefore satisfy several minimal structural requirements:

1. Locality — interactions depend only on the field and its derivatives
2. Lorentz compatibility — spacetime symmetry must be preserved
3. Second-order dynamics — avoiding higher derivative instabilities

4. Scalar invariance — since O is a scalar-time field

Under these constraints, the lowest-order effective action is uniquely determined (up to
field redefinitions) as

S = / d'z B(Q@)(&“@) _v(©) (183)

This represents the minimal dynamical structure consistent with scalar-time field dynam-
ics in TSFT.

Linearizing about a coherence-stable background:

O =0+ 00 (184)
leads to the equation of motion:
060 + V"(04)60 =0 (185)
Defining
wi =V"(6y) (186)

yields plane-wave solutions

6O ~ eilthr=wt) (187)



Farrell 37

which produce the dispersion relation

w? =2k + (188)

Thus, the relativistic dispersion relation follows from the minimal scalar-time dynamics.

A.2 D.2 Coherence-Locking Operator Definition

Composite states in TSF'T arise through coherence locking of constituent modes. This

process is governed by a variational principle minimizing scalar-time coherence energy.

Let the composite Hilbert space be

Hcomp :¢1®¢2®®¢n (189)

Define the closure-admissible subspace

Hclosure C Hcomp (190)

consisting of states satisfying scalar-time closure constraints.

The coherence-locking operator is defined as

~

C' =arg min FEg[V] (191)

VeHclosure

where Fg is the scalar-time coherence energy functional.

This operator selects the lowest-energy closure-consistent composite configuration.

A.3 D.3 Spin Branch Selection

Consider three spin—% constituents:

X5

NI
I
N
D
N | =
b
N oo

(192)

NI
N[

Higher total spin corresponds to increased scalar-time curvature within the composite

configuration. The scalar-time energy scales as

Eg ~ / (VO)*d*z (193)

Aligned spin configurations require larger curvature gradients, increasing the coherence

energy.
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Therefore, coherence minimization selects the lowest-energy branch:
C303®3) =3 (194)
Thus, spin—% ground states emerge naturally.

A.4 D.4 Explicit Closure Modes

Closure constraints require

3n+2¢+h=0 (mod 6) (195)

Example closure modes:
(n,q,h) = (1,0,3) (196)
(n,q,h) = (2,0,0) (198)

These produce admissible composite configurations satisfying closure conditions.

A.5 D.5 Phase Reduction
Closure symmetry under scalar-time evolution requires
€i27r(h+3)/6 _ _6i27rh/6 (199)

Since physical observables depend on bilinear combinations, overall phase sign is unob-
servable. Thus,

h mod 6 —h mod 3 (200)

This yields charge quantization in thirds.

A.6 D.6 Summary

Appendix D establishes:

e Minimal scalar-time action

e Dispersion relation derivation
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e Coherence-locking operator definition
e Spin branch selection
e Closure mode existence

e Charge quantization reduction

These results complete the variational structure of composite formation in TSFT.

B. Proton and Neutron Analogues in Time-Scalar Field Theory

This appendix outlines the emergence of proton-like and neutron-like composite states
within the Time-Scalar Field Theory (TSFT) framework. The goal is not to force identifi-
cation with Standard Model particles, but to demonstrate that TSEF'T naturally produces
composite fermionic states with properties structurally consistent with nucleons.

B.1 Three-Fermion Composite Structure

From Appendix B, closure-stable composite fermionic states arise from three coherence-
stable fermionic eigenmodes:

\chomp = é(wl ® ¢2 ® ¢3) (201)

where C denotes the coherence-locking operator selecting closure-preserving configura-

tions.

Each constituent satisfies the scalar-time closure condition:

3n;+2¢;+h; =0 (mod 6) (202)

The composite state therefore satisfies:

2(37% +2¢; +h;)) =0 (mod 6) (203)

7

ensuring composite coherence stability.

B.2 Charge Structure of Composite States

From Appendix C, fractional charges arise naturally from the closure index:

Qi=— (204)
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Composite charge is additive:
Qcomp = Z Qz (205)
This immediately allows construction of two lowest-order composite states:
B.3 Proton-like State
Consider three fermionic constituents with charges:
2 2 1
Z_Z 206
(+3, +3 3> (206)
The composite charge becomes:
2 2 1
— 2.2 _ - -1 207
This defines a positively charged, three-fermion composite:
v, = é(wz/:% ® a3 @ P_1/3) (208)
This state is structurally analogous to a proton.
B.4 Neutron-like State
Similarly, a neutral three-fermion composite arises from:
+2 L1 (209)
373 3
Yielding:
2 1 1
n=T-——-—= =0 210
@n=3-373 (210)
This defines a neutral composite:
W, = C(tays @ U_173 @ _1/3) (211)

This state is structurally analogous to a neutron.
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B.5 Spin Structure
. o . . 1 . . .
From spin composition rules, three spin-; fermions combine as:

1 1 1

1
58505 =50;® (212)

Coherence-locking selects the lowest-energy closure-preserving branch, yielding spin—%
composite ground states:

1
Sp =5, = 5 (213)
consistent with nucleon spin structure.
B.6 Mass Near-Degeneracy
The two composite states differ only by internal constituent arrangement:

Because the total coherence structure is similar, TSFT predicts near-degenerate compos-
ite masses:

M, ~ M, (216)

Small mass splitting arises from asymmetry in internal coherence gradients:

AM ~ §peomp (217)

This qualitatively matches the observed proton-neutron mass splitting.

B.7 Interpretation
These results demonstrate that TSFT naturally produces:
e Three-fermion composite states

e Fractional constituent charges

e Integer composite charges
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° Spin—% ground states

e Near-degenerate composite masses

These properties emerge directly from scalar-time coherence dynamics, without externally
imposed gauge structure or quark postulates.

This suggests that proton-like and neutron-like composite states arise naturally within
the TSF'T framework.

Importantly, this identification is structural rather than exact. A full quantitative map-
ping to Standard Model nucleons requires computation of composite mass spectra and
interaction strengths, which is left to future work.

Nevertheless, the emergence of nucleon-like states from scalar-time coherence represents

a significant structural validation of TSFT.

C. Appendix F: Emergent Confinement from Scalar-Time Co-

herence

In this appendix we derive confinement-like behavior from scalar-time coherence dynamics
without assuming flux-tube formation.

C.1 Scalar-Time Coherence Energy Functional

Consider the scalar-time deformation field a, with action

2

1 M
S, = /d4x [ZLFWFW + 2“ aa + Ma,at)? — Jﬂa“] . (218)

The corresponding energy functional is

Bl = [ & Bwa)z LM

5 a® + a* — Ja} . (219)

C.2 Separated Sources

Consider two separated sources

J(x) = Ji(z) + Ja(x) (220)

with separation r.

The total energy becomes
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E[T’] = Eself + Einteraction- (221)

C.3 Energy Minimization

To minimize energy, the field must distribute such that

0E =0 (222)
which yields

Via — MZ2a —4Xa® = —J. (223)

For large separation, the nonlinear term dominates,

4ha® ~ J. (224)

This drives localization of the field along the minimal-energy configuration connecting

sources.

C.4 Emergent String Geometry

Energy minimization favors configurations that minimize transverse area while maintain-

ing longitudinal continuity.

The minimal-energy solution therefore satisfies

a(x) = ane(T)) (225)

with transverse localization.

Thus scalar-time coherence forms a flux-tube-like configuration as a consequence of energy

minimization.

C.5 Linear Potential

The energy stored in the tube is

E(r)=or (226)

where
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a:i/d%l{%W%V+Af}. (227)

Thus the interaction potential becomes

V(r) =or. (228)

This behavior is analogous to flux-tube formation in non-Abelian gauge theories, but
arises here from nonlinear scalar-time coherence dynamics rather than gauge-field self-
interaction.

This produces confinement-like behavior within scalar-time dynamics.

C.6 Nuclear Size Scaling

The short-range nature of the residual scalar-time interaction implies saturation of bind-
ing beyond nearest neighbors. Consequently, nucleons pack into approximately constant-
density configurations.

If each nucleon occupies an effective coherence volume Vj, then for a nucleus containing

A nucleons,

V ~ AV,
Assuming approximately spherical geometry, the nuclear radius satisfies

4

V_3M#NA%,

yielding

R~ A3,

Thus, the empirically observed nuclear size scaling emerges naturally from scalar-time
coherence packing and short-range residual interaction saturation. This provides an ad-
ditional structural prediction of Time-Scalar Field Theory at the nuclear scale.
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