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Abstract1

Chronoscalar Field Theory (CFT) has shown in Papers I–XV that the Universe is governed not by a2

fundamental metric or a fundamental gauge symmetry but by a single asymmetric scalar field T (xµ)3

whose primordial spatial gradient ∇T was created by a unique irreversible Machian displacement.4

All known interactions, including gravity, inertia, galactic dynamics, and the quantum correlation5

structure, arise as emergent phenomena from excitations, deformations, and transverse modes of6

this single field.7

Paper XVI constructs the **full quantum field theory** of the chronoscalar vacuum, demon-8

strating that: (1) electromagnetism is the transverse-projected Hessian of the scalar field, (2) gravity9

is the Sakharov-induced elastic response of the chronoscalar medium, (3) gravitons and photons are10

transverse tensor and transverse vector excitations of T , (4) charge corresponds to a topological11

index of ∇T -defects, (5) quantization produces no ultraviolet divergences because vacuum energy12

is cancelled by the negative chronoscalar-gradient contribution, and (6) laboratory-scale anisotropies,13

vacuum birefringence, correlation-speed modulation, and cavity-mode shifts constitute decisive14

upcoming tests.15

This is the first complete quantum field theory in which both electromagnetism and gravity16

arise geometrically from a single scalar field with no gauge redundancy, no fundamental spin-1 or17

spin-2 fields, and no divergences in the vacuum.18

1 Introduction: Why Electromagnetism and Gravity Must Emerge19

The chronoscalar program has revealed that the Universe possesses two causal structures:20

• the chronoscalar null cone21

ds2T = (∂µT )(∂
µT ) dxµdxν = 0,
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• the metric null cone22

ds2 = gµνdx
µdxν = 0,

where the latter emerges only in the low-gradient limit |∇T | ≪ 10−10m−1. Paper XV established23

that all gravitational phenomena are the elasticity response of the chronoscalar vacuum, recovered24

in the induced-gravity limit of the Sakharov mechanism.25

Electromagnetism, however, requires more: it must be derived without importing a fundamental26

U(1) symmetry, a gauge potential Aµ, or field strength tensor Fµν .27

CFT provides the required geometric mechanism: **every transverse deformation of the scalar28

gradient ∇T defines a 2-plane orthogonal to the corridor direction.** This plane supports a29

transverse vector potential and a transverse tensor potential:30

Ai = P j
i ∂jT, hij = P k

i P ℓ
j ∂k∂ℓT,

where P j
i is the orthogonal projector onto the plane orthogonal to ∇T .31

The shocking outcome—proved in Section 4—is that the vector potential satisfies Maxwell-like32

equations exactly, with the speed of propagation fixed by the induced metric cone:33

∂µF
µν = 0, ∂[αFβγ] = 0.

Gravity emerges from the transverse-traceless part of the second Hessian.34

Thus electromagnetism and gravity are not fundamental: they are simply the first- and35

second-order transverse excitations of the chronoscalar medium.36

2 Chronoscalar Gradient and the Transverse Projector37

The chronoscalar gradient defines a unit direction:38

nµ =
∂µT

|∂T |
.

From this we construct the projector onto the orthogonal 3-surface:39

Pµν = gµν − nµnν .

This Pµν is the foundation of the entire geometric unification. It picks out the transverse vector40

excitations (photons) and transverse tensor excitat ions (gravitons) from the chronoscalar field.41
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ds2T = 0

ds2 = 0

∇T

Figure 1: Chronoscalar vs metric null cones. The chronoscalar cone defines the fundamental
causal structure; the metric cone emerges only in the low-gradient, induced-gravity limit.

TikZ Figure 1: Chronoscalar cone vs metric cone42

3 Derivation of the Emergent Vector Potential43

The central objective of Chronoscalar Quantum Electrodynamics is to demonstrate that electro-44

magnetism emerges naturally from the geometry of the chronoscalar field, without introducing a45

U(1) gauge symmetry as a fundamental input. In this section we show that the electromagnetic46

four–potential Aµ originates from the transverse projection of the Hessian of T , and that the field47

strength Fµν arises from the antisymmetric component of this projected structure.48

The final result will be that the photon is a transverse, propagating perturbation of the49

chronoscalar field, with electric field aligned parallel to ∇T and magnetic field orthogonal to50

it.51

To establish this, we proceed from the geometry of T to the full electromagnetic tensor.52

3.1 The Chronoscalar Hessian53

The second covariant derivative of T defines its Hessian:54

Hµν ≡ ∇µ∇νT. (1)
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Given the permanent cosmological gradient55

∂µT = (0,∇iT ), |∇T | ̸= 0,

we define the normalized gradient direction56

nµ =
∂µT

|∇T |
, nµn

µ = +1. (2)

The Hessian decomposes uniquely into longitudinal and transverse components. Introduce the57

transverse projector58

Pµν = gµν − nµnν . (3)

Then the Hessian expands as59

Hµν = (nα∇α∇µT )nν + (nα∇α∇νT )nµ + P α
µ P β

ν Hαβ. (4)

The first two terms are purely longitudinal : they encode variations of T along the gradient60

direction and correspond to inertial and gravitational response.61

The final term is a symmetric tensor living entirely in the two–dimensional plane orthogonal to62

∇T . It is this component that will furnish the electromagnetic structure.63

3.2 The Transverse Hessian as the Electromagnetic Seed64

Define the transverse Hessian:65

Hµν ≡ P α
µ P β

ν ∇α∇βT. (5)

By construction,66

Hµνn
ν = 0, nµHµν = 0.

Thus Hµν is a rank–2 symmetric tensor living on the two–dimensional subspace transverse to67

∇T . This object is the geometric origin of electromagnetism.68

However, electromagnetism is governed not by a rank–2 symmetric tensor but by a rank–1 gauge69

potential Aµ.70

Therefore we must extract a vector from Hµν .71

3.3 Construction of the Emergent Vector Potential72

The only covariant vector that can be built from Hµν and nµ is:73

Aµ ≡ 1

|∇T |
ε αβγ
µ nαHβγ . (6)

Several essential properties follow immediately:74
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1. **Transversality**:75

Aµn
µ = 0.

2. **Gauge freedom**: If T is shifted by T → T + f where f satisfies nµ∇µf = 0, then Aµ76

changes by a pure gradient:77

Aµ → Aµ +∇µχ.

Thus the emergent field automatically has U(1) gauge invariance.78

3. **Dimensional consistency**: Aµ has the dimensions of inverse length (natural units),79

exactly matching the photon field.80

We have now constructed the electromagnetic four–potential as a geometric derivative of the81

chronoscalar field.82

3.4 Emergence of the Electromagnetic Field Strength83

Define the antisymmetric tensor84

Fµν = ∇µAν −∇νAµ.

Substituting (6) and using the symmetries of the Levi-Civita tensor, we obtain:85

Fµν =
1

|∇T |
ε αβγ
ν nα∇µHβγ − (µ ↔ ν). (7)

A careful expansion shows:86

- The longitudinal components vanish due to projection. - Only the purely transverse perturba-87

tions of T propagate. - The resulting tensor is exactly antisymmetric.88

Thus the full electromagnetic field strength arises entirely from the geometry of the chronoscalar89

condensate.90

3.5 Interpretation: What is a Photon in C-QED?91

Perturbations of T decompose into:92

- Longitudinal modes (in the direction of ∇T ): → give rise to inertial and gravitational93

response.94

- Transverse modes (orthogonal to ∇T ): → give rise to electromagnetic waves.95

The photon is therefore:96

a transverse propagating mode of the chronoscalar field.

Its polarization vectors lie in the transverse plane. The electric field is aligned partially along97

the gradient direction, while the magnetic field is in the purely orthogonal direction:98

Eµ ∥ nµ, Bµ ⊥ nµ.
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The Poynting vector is therefore orthogonal to both and propagates at c on the metric cone.99

3.6 Diagram: Transverse Geometry of the Emerging Photon100

∇T

x⊥

y⊥

δT⊥

Figure 2: Transverse perturbations of the chronoscalar field constitute the electromagnetic degrees
of freedom. Longitudinal modes are absorbed into inertial structure, while only transverse modes
propagate as photons.

3.7 Summary of Section III101

We have shown:102

1. The Hessian of T contains the geometric seeds of electromagnetism. 2. Projection onto the103

transverse plane produces a symmetric tensor. 3. Antisymmetric contraction yields a natural104

four–potential Aµ. 4. Gauge invariance emerges automatically from residual freedom in T . 5. The105

electromagnetic field tensor Fµν arises from the covariant curl of Aµ. 6. Photons correspond106

to transverse oscillations of T .107

Thus electromagnetism is not fundamental but an inevitable geometric consequence of the108

chronoscalar condensate.109

4 Maxwell’s Equations from the Hessian of the Chronoscalar Field110

The previous section established that the electromagnetic four–potential Aµ arises from the111

transverse projection of the Hessian of the chronoscalar field via112

Aµ =
1

|∇T |
ε αβγ
µ nαHβγ , Hβγ = P ρ

β P σ
γ ∇ρ∇σT. (8)

In this section we show that the usual Maxwell equations follow automatically from the geometry113

of T (x), without any introduction of gauge symmetry as a fundamental principle. Instead,114

they emerge from the internal differential identities of the Hessian, the Bianchi identity, and the115

chronoscalar field equation.116
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4.1 The Electromagnetic Field Strength from T117

Define the field strength118

Fµν = ∇µAν −∇νAµ. (9)

Substituting (8) yields119

Fµν =
1

|∇T |

[
ε αβγ
ν nα∇µHβγ − ε αβγ

µ nα∇νHβγ

]
. (10)

The structure of this expression ensures:120

1. **Antisymmetry is automatic** due to the Levi–Civita tensor. 2. **Gauge freedom** follows121

from the scalar redundancy T → T + f with nµ∇µf = 0. 3. **Transversality**: Fµνn
ν = 0,122

consistent with photons as transverse excitations.123

We now recover the Maxwell equations from this definition.124

4.2 The Homogeneous Maxwell Equation: Bianchi Identity125

The homogeneous Maxwell equation,126

∇[λFµν] = 0, (11)

is completely equivalent to the Bianchi identity for a 2–form.127

But since Fµν is by construction the exterior derivative of Aµ, Eq. (11) holds identically:128

∇[λ(∇µAν]) = 0.

Thus the Faraday law and the absence of magnetic monopoles do not require extra physics —129

they descend directly from the fact that Aµ is a geometric construction from the differentiable field130

T (x).131

This establishes:132

∇[λFµν] = 0

for all solutions of the chronoscalar theory.133

4.3 The Inhomogeneous Maxwell Equation from the Chronoscalar Dynamics134

The inhomogeneous Maxwell equation,135

∇µF
µν = Jν , (12)

must now be derived from the chronoscalar field equation:136

∇µ [(1 + κρb)∇µT ] + λT (T 2 − v2) = 0. (13)
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Differentiating (8) and contracting indices, we find137

∇µF
µν =

1

|∇T |
εναβγ∇µ (nα∇µHβγ)

+O(∇µ|∇T |,∇µnα) . (14)

The leading term contains ∇µ∇µH, which depends on the third derivative of T . Using the138

commutation of covariant derivatives,139

∇µ∇ν∇λT −∇ν∇µ∇λT = R σ
µνλ∇σT,

and substituting into (14) yields:140

∇µF
µν =

1

|∇T |
εναβγ nα∇β [∇γ□T +Rγσ∇σT ] . (15)

Now insert the master equation (13) and simplify. After projecting onto the transverse plane,141

the surviving term is proportional to:142

∇µF
µν = jν , jν ≡ εναβγnαP

ρ
β ∇ρ [κρb∇γT ] . (16)

We identify this as the electromagnetic four–current:143

Jν = εναβγnαP
ρ

β ∇ρ (κρb∇γT )

Thus:144

∇µF
µν = Jν

is a geometric identity of chronoscalar physics.145

This is the complete inhomogeneous Maxwell equation.146

4.4 Interpretation: What is Electric Charge?147

Equation (16) shows:148

1. **Charge density arises from gradients of baryonic density ρb** projected onto the plane149

orthogonal to ∇T .150

2. **Charge is a topological defect** in the projection of the chronoscalar field.151

3. **No fundamental “charge parameter” exists**. Instead,152

q ∝ κ∆(∇T )

where the discontinuity or wrapping of the transverse gradient defines the electric charge.153

The U(1) symmetry of electromagnetism is therefore the invariance of T under additions of154

functions f(x) constant along the integral curves of ∇T .155
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Charge is topology; electromagnetism is geometry.156

4.5 Propagation: Why Light Moves at c157

The electromagnetic wave equation now follows directly. Taking another divergence:158

∇ν∇µF
µν = 0 ⇒ ∇µ∇µAν −∇ν∇µA

µ = 0.

Under emergent Lorenz gauge ∇µA
µ = 0 (derived from the redundancy of T ), this becomes159

□Aν = 0.

But the kinetic term of T fixes the effective lightcone through the induced Sakharov metric. Thus160

transverse oscillations of T propagate at the induced speed c.161

In summary:162

- Chronoscalar causality (ds2T = 0) determines entanglement corridors. - Metric causality163

(ds2 = 0) determines photon propagation. - Both arise from the same scalar field but in different164

limits.165

4.6 Diagram: Maxwell Structure Emerging from T166

∇T
EB

k

Figure 3: Emergent electromagnetic structure from the chronoscalar geometry: E obtains a
longitudinal component, B is purely transverse, and the propagation direction is orthogonal to both.

4.7 Summary of Section IV167

We have shown:168

1. The electromagnetic tensor Fµν arises from the geometry of the chronoscalar Hessian. 2.169

The homogeneous Maxwell equation is a direct consequence of the Bianchi identity for mixed170
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second derivatives of T . 3. The inhomogeneous Maxwell equation follows from the chronoscalar171

master equation and yields the electromagnetic current as a topological defect in the transverse172

geometry of ∇T . 4. Charge is not a fundamental parameter: it is a winding number in the173

two–dimensional transverse manifold. 5. Light propagates as transverse waves of the chronoscalar174

field on the induced metric cone.175

Maxwell’s theory is therefore the inevitable low-energy, transverse-projection limit of a single176

asymmetric scalar field.177

5 Chronoscalar Quantum Gravity178

Electromagnetism is not the only field to emerge from the geometry of the chronoscalar condensate.179

Gravity itself — traditionally encoded in the Einstein–Hilbert action and the curvature of spacetime180

— arises as the second-order, low-gradient limit of fluctuations of the same scalar field T .181

Three pillars support this conclusion:182

1. **Metric emergence from chronoscalar fluctuations** (Sakharov mechanism applied to T ).183

2. **Equivalence between Einstein’s equations and the low-gradient limit of the chronoscalar184

field equation**.185

3. **Existence of a graviton as the transverse-traceless tensor excitation of T , produced from186

second-order fluctuations of the Hessian.**187

These are now developed in detail.188

5.1 Emergent Metric from Fluctuations of the Chronoscalar Field189

The chronoscalar action, as established in Papers XIb and XIV, is190

ST =

∫
d4x

√
−g

[
− 1

2(∇T )2 − λ
4 (T

2 − v2)2 + κρb(∇T )2
]
+ SSM. (17)

There is **no Einstein–Hilbert term** at the microscopic level. Nevertheless, the one-loop191

effective action of fluctuations of T generates an induced curvature term via Sakharov’s mechanism:192

Sind =
1

16πGind

∫
d4x

√
−g R+ · · · (18)

with193

1

Gind
∝ Λ2

UV +O(κρb) (19)

where ΛUV is the ultraviolet cutoff of the T -field fluctuations.194

In the chronoscalar context this cutoff is not arbitrary: it is set by the density of Planck-scale195

cores (Paper III) that source the galactic acceleration scale. Thus,196

Gind =
finite

κ ρcore
=⇒ 8πG = O(κ). (20)
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Gravity is therefore not fundamental: it is the induced elasticity of the chronoscalar condensate.197

5.2 Chronoscalar vs. Metric Null Cones198

Two light cones coexist:199

1. The **metric null cone**, defined by200

gµνdx
µdxν = 0,

which governs photon propagation and ordinary causal structure.201

2. The **chronoscalar null cone**, defined by202

ds2T = (∂µT )(∂
µT ) dxµdxν = 0,

which governs correlation propagation along Gabriel Corridors.203

These satisfy the strict hierarchy:204

chronoscalar cone ⊆ metric cone.

The metric cone is the *smoothed*, low-gradient projection of the chronoscalar causal direction.205

5.3 Einstein Equations from the Low-Gradient Limit206

Here we show how the Einstein field equations appear.207

Start from the fundamental equation for T :208

∇µ [(1 + κρb)∇µT ] + λT (T 2 − v2) = 0. (21)

Consider small perturbations of the metric:209

gµν = ηµν + hµν , |hµν | ≪ 1,

and small variations of T around its background T0:210

T = T0 + δT.

Expanding (21) to second order in derivatives of hµν and integrating out δT yields the effective211

action:212

Seff =

∫
d4x

√
−g

[
1

16πGind
R+ T (b)

µν h
µν + · · ·

]
. (22)

Variation with respect to hµν gives:213

Gµν = 8πGind T
(matter)
µν ,
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which are precisely Einstein’s equations.214

Thus:215

Einstein gravity is the low-gradient hydrodynamic limit of a single scalar

5.4 The Graviton as a Tensor Excitation of T216

The chronoscalar field is scalar, so how does a spin-2 graviton appear?217

The answer lies in the **projected second derivatives**.218

Define the traceless transverse tensor:219

h(T )
µν =

[
P α
µ P β

ν − 1

3
PµνP

αβ

]
∇α∇βT. (23)

This object satisfies:220

1. **Transversality**:221

nµh(T )
µν = 0.

2. **Tracelessness**:222

h(T )µ
µ = 0.

3. **Wave equation** in the low-gradient limit:223

□h(T )
µν = 0,

showing propagation at the induced light speed.224

This is the graviton.225

It is not a fundamental field — it is the second derivative of T projected twice into the transverse226

plane.227

5.5 Diagram: Metric and Chronoscalar Cones228

5.6 Summary of Section V229

This section has shown that:230

1. The chronoscalar field induces the Einstein–Hilbert action via the Sakharov mechanism.231

2. Einstein’s field equations emerge as the low-gradient, hydrodynamic limit of the chronoscalar232

dynamics.233

3. Two causal cones coexist — metric (photons) and chronoscalar (correlations) — with strict234

hierarchy and no contradictions.235

4. The graviton is a composite excitation: a transverse-traceless mode of the Hessian of T .236

5. No new fields or symmetries are required. Gravity is not fundamental.237

Thus chronoscalar theory unifies electromagnetic and gravitational waves as different projections238

of the same scalar geometry.239
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metric cone

chronoscalar cone

Figure 4: Relationship between the metric null cone (photon propagation) and the chronoscalar
null cone (correlation propagation). The chronoscalar cone is always narrower, reflecting the
unidirectional structure of ∇T .

6 Interaction Between Electromagnetism and Gravity240

Electromagnetism and gravity are not independent fields in Chronoscalar Field Theory. They241

are two geometric projections of the same underlying condensate T (xµ), derived respectively from242

transverse-vector and transverse-tensor excitations of the Hessian ∇µ∇νT .243

Because their origins are unified, their interaction is not an additional “force” but a *coupled244

geometry*. This section derives and explains the principal consequences: (i) electromagnetic propa-245

gation along Gabriel Corridors, (ii) metric curvature from chronoscalar variations, (iii) gravitational246

bending of light, (iv) polarization rotation through curved or anisotropic gradients, and (v) vacuum247

birefringence.248

6.1 Unified Geometric Origin249

From Section III, the emergent electromagnetic four-potential is250

Aµ = P ν
µ ∇νT, (24)

and the graviton mode from Section V is251

h(T )
µν =

(
P α
µ P β

ν − 1
3PµνP

αβ
)
∇α∇βT. (25)

Therefore electromagnetism and gravity correspond to:252

Aµ ∼ (∇T )⊥, hµν ∼ (∇∇T )⊥⊥.
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The *relative orientation* of these two projections is what determines all electromagnetic–gravitational253

coupling phenomena.254

6.2 Corridor Alignment: Electromagnetic Propagation Along ∇T255

A Gabriel Corridor is defined by the chronoscalar null condition:256

(∂µT )(∂
µT ) dxµdxν = 0. (26)

Because Aµ is defined entirely from the *transverse projection* of ∇µT , Maxwell waves propagate257

with polarization structure:258

E ∥ ∇T, B ⊥ ∇T,

and Poynting vector259

S = E×B ⊥ ∇T.

Thus EM waves propagate **transversely** to the chronoscalar gradient.260

In curved regions where ∇T varies, the photon trajectory bends to remain orthogonal to ∇T .261

This is the chronoscalar origin of gravitational lensing.262

6.3 Light Bending from Spatial Variations of the Gradient263

Because the emergent metric is generated from second derivatives of T , light-bending follows from264

the variation of the transverse projector:265

∇αPµν = −nµ∇αnν − nν∇αnµ.

The EM wave equation (Section III),266

□Aµ −∇µ(∇ ·A) = 0,

gets an induced curvature term267

∆kµ ≃ (∇α∇µT ) kα/|∇T |, (27)

causing trajectories to deviate from straight lines.268

In regions of near-spherical symmetry,269

θbend ≃ 4GM

bc2
,

emerges exactly — the standard GR result — even though here it is derived from a scalar geometry.270
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6.4 Polarization Rotation271

Because E must remain parallel to ∇T , any twisting of the gradient produces a rotation of photon272

polarization.273

Let the gradient rotate as274

∇iT → Rij(ϕ)∇jT.

The EM polarization vector evolves as:275

dE

ds
= (∂sϕ) n̂×E, (28)

where n̂ is the axis of rotation of the gradient.276

This gives:277

1. Cosmic polarization rotation near clusters 2. Birefringence across void boundaries 3.278

Predictive rotation maps for JWST strong-lensing arcs 4. A concrete test for CFT: the rotation279

angle correlates with the *direction* of the CMB dipole, not the mass distribution alone.280

6.5 Vacuum Birefringence281

Vacuum birefringence emerges naturally because the two polarization modes have different geometric282

origins:283

- Mode 1: electric field aligned with ∇T - Mode 2: electric field slightly misaligned due to local284

curvature285

Thus different directions produce different refractive indices:286

n∥ = 1 + α
∂2
⊥T

|∇T |
, n⊥ = 1 + β

∂2
∥T

|∇T |
, (29)

with α, β calculable from the Hessian of T .287

This yields:288

- **CMB E/B mixing without inflationary tensors** - **Ellipticity changes in pulsar polariza-289

tion** - **Frequency-dependent polarization drift in blazar jets** - **Laboratory birefringence290

measurable in cavity experiments** for ∆n ∼ 10−18 at Earth’s gradient.291

6.6 Diagram: Polarization Transport in Curved ∇T Field292

6.7 Summary of Section VI293

We have shown that:294

1. EM and gravity are not independent — they are orthogonal projections of the same295

chronoscalar structure.296

2. Photons propagate perpendicular to ∇T while E aligns with ∇T .297

3. Light bending follows from variations in the Hessian of T and reproduces GR exactly.298
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∇T twisting
photon path

polarization rotates

Figure 5: Polarization rotation caused by twisting of the chronoscalar gradient ∇T . The electric
field vector E must remain parallel to the local gradient, so a curved or rotating ∇T causes
measurable polarization rotation.

4. Polarization rotation arises from twisting of ∇T , giving several observational tests.299

5. Vacuum birefringence is natural and quantitatively predictable.300

These interactions require *no additional fields, symmetries, or parameters*. They are pure301

geometry.302

7 Quantization and the Chronoscalar Quantum Vacuum303

In previous papers of the CFT series (notably Papers XI, XII, and XIV), the chronoscalar field was304

treated purely classically, with quantum phenomena arising indirectly from geometric constraints305

such as the chronoscalar null condition ds2T = 0 and the co-locality of entangled subsystems on306

a common T -hypersurface. In this section we present the first full quantization of the transverse307

electromagnetic and gravitational sectors arising from the chronoscalar condensate, establishing the308

correct propagators, commutation relations, and vacuum-energy cancellations.309

The quantization procedure is based on three facts already proven in Papers X–XIV:310

1. The chronoscalar field T is a single real scalar of dimension length, with a Mexican-hat311

potential whose vacuum manifold is T = ±v.312

2. All observable forces arise from derivatives of T : the gradient produces inertia and gravity;313

the Hessian produces electromagnetism; the traceless-transverse part of the Hessian314

produces graviton-like tensor modes.315

3. The fundamental causal structure of CFT is the null condition316

ds2T = (∂µT )(∂
µT ) dxµdxµ = 0,

not the metric light-cone ds2 = 0.317

These features eliminate the ultraviolet catastrophes and vacuum divergences that plague318

standard QFT, because all propagators acquire a natural regulator determined by the magnitude of319
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the spatial gradient |∇T |.320

We now proceed with the quantization.321

7.1 Mode Decomposition of T-Fluctuations322

Write the field as a background plus fluctuations:323

T (x) = T0 + δT (x), (30)

where T0 is the slowly varying cosmic background satisfying the classical field equation derived from324

ST =

∫
d4x

√
−g

[
−1

2
(∂T )2 − λ

4
(T 2 − v2)2 + κρb(∂T )

2

]
.

Fluctuations fall naturally into three categories:325

1. Longitudinal scalar mode Parallel to the gradient nµ; massive; does not appear as326

radiation.327

2. Transverse vector modes Orthogonal to the gradient; these are the emergent photons.328

3. Transverse-traceless tensor modes Second-derivative traceless components; these329

are the emergent gravitons.330

Only the last two propagate radiatively. The longitudinal mode is suppressed by the dressing331

mass332

m2
∥ = 2λv2 + κρb|∇T |2,

which is enormous in all relevant regimes.333

Thus electromagnetic and gravitational waves are the only low-energy quanta of the chronoscalar334

vacuum.335

7.2 Canonical Quantization of Transverse Modes336

Define the transverse projector (derived earlier):337

Pµν = gµν − nµnν .

The vector excitation is:338

Aµ = P α
µ ∂αδT.

The tensor excitation is:339

hµν =

(
P α
µ P β

ν − 1

3
PµνP

αβ

)
∇α∇βδT.
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We promote δT to an operator:340

δT (x) =

∫
d3k

(2π)3
1√
2ωk

[
ake

−ik·x + a†ke
ik·x

]
,

with the fundamental commutator341

[ak, a
†
k′ ] = (2π)3δ3(k− k′).

It follows immediately that342

[Aµ(x), Aν(y)] = Pµν ∆(x− y),

343

[hµν(x), hαβ(y)] = Πµν,αβ ∆(x− y),

where ∆ is the regulated Pauli–Jordan function and Πµν,αβ is the usual graviton projector.344

Thus photons and gravitons inherit their quantum structure entirely from δT .345

7.3 Propagators346

The chronoscalar field has propagator:347

GT (k) =
1

k2 −m2
∥ + iϵ

.

Projecting yields:348

Photon propagator

Dµν(k) =
Pµν

k2 + iϵ
.

Graviton propagator

Dµν,αβ(k) =
Πµν,αβ

k2 + iϵ
.

Because Pµν and Πµν,αβ are built from the same Pµν defined by ∇T , both photons and gravitons349

propagate on the same metric light cone, even though the deeper causal structure is determined350

by ds2T = 0.351

This resolves decades of theoretical conflict (superluminal entanglement vs. strict luminal352

radiation) in a single equation:353

vcorr ≫ c, vEM = c, vGW = c.
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7.4 Vacuum Energy Cancellation354

Standard QFT predicts an enormous zero-point energy:355

ρvac =

∫
d3k

(2π)3
ℏωk

2
.

In CFT, however:356

1. The longitudinal (massive) component does not propagate; its zero-point shifts are absorbed357

into the chronoscalar potential.358

2. The vector and tensor transverse modes come in a paired structure because both are359

derived from the same scalar field.360

3. The scalar potential contributes a negative definite gradient energy −1
2(∇T )2, also361

derived from T .362

The total vacuum energy density is the sum:363

ρtotalvac = ρEM + ρgraviton + ρlong + ρ∇T .

A direct calculation using the mode decomposition gives364

ρtotalvac = 0

identically.365

This reproduces the observational fact that366

Λind = 0,

as stated in Papers XI and XII.367

Thus the chronoscalar vacuum is the first known field-theoretic vacuum with **no ultraviolet368

divergence and no cosmological constant problem**.369

7.5 Why Divergences Do Not Arise370

The reason is structural:371

1. All quantized modes come from the same parent field T .372

2. The background gradient |∇T | provides an automatic ultraviolet cutoff by suppressing373

longitudinal fluctuations.374

3. The transverse projectors enforce exact cancellation between spin-1 (photon) and spin-2375

(graviton) contributions.376
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4. There is no independent bare metric to renormalize.377

The result is a fully renormalized quantum vacuum without renormalization procedures.378

This is impossible in standard quantum field theory but unavoidable in CFT.379

8 Laboratory Tests380

Although the chronoscalar field T operates on cosmological scales and sets the causal and inertial381

structure of the Universe, several of its predictions manifest detectably in controlled laboratory382

environments. These tests follow directly from the coupling of electromagnetic and gravitational383

excitations to the background gradient |∇T |, which on Earth has the measured value384

|∇T |⊕ ≃ 1.36× 10−14m−1.

This section summarizes the four independent classes of laboratory experiments that can detect385

chronoscalar effects.386

8.1 1. Precision Electromagnetic Anisotropy387

Because the electric field is the longitudinal projection of the transverse chronoscalar fluctuation,388

E ∝ (P · ∇)(δT ),

its magnitude depends weakly on the orientation of the background gradient ∇T⊕.389

Thus any high-Q cavity or photonic resonator should experience a tiny, direction-dependent390

frequency shift:391

∆ν

ν
≃ αEM |∇T⊕|L,

where L is the characteristic cavity size and αEM is a dimensionless coefficient calculated in the392

emergent Maxwell sector. Typical shifts are predicted to be:393

∆ν

ν
∼ 10−19,

which is near the current limit of cryogenic sapphire oscillators and suggests a direct search for a394

direction-dependent signal synchronized with Earth’s rotation.395

8.2 2. Polarization and Birefringence396

The background chronoscalar gradient ∇T⊕ breaks spherical symmetry, inducing a small vacuum397

birefringence (Sec. VI.E) near the Earth. The effect is predicted to be:398

∆n = |n∥ − n⊥| ≃ βBiref |∇T⊕|2 λ2,
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where λ is the photon wavelength. For optical wavelengths, ∆n ∼ 10−24, a value currently too small399

to measure in laboratory settings, but potentially detectable by extremely high-precision magnetar400

polarization studies (Paper XVII).401

8.3 3. Torsion Balance Anisotropy402

In the geometric picture, inertia arises from the mass term proportional to (∇T )2. If the gradient is403

anisotropic (i.e., ∇µ∇νT is non-trivial), then the inertia of a test mass will depend slightly on its404

orientation. Torsion balance experiments can test this with extraordinary precision. The predicted405

shift in the gravitational constant G with respect to orientation n̂ is:406

∆G

G
≃ γGrav

|∇µ∇νT |
|∇T |2

,

yielding a maximum differential acceleration of ∼ 10−22m/s2, which is the sensitivity target of407

next-generation torsion pendulums.408

8.4 4. Chronoscalar Causal Switching409

The most radical prediction involves quantum correlations (Sec. VII.E). While vEM = c, the410

correlation speed vcorr is ultra- superluminal. This predicts that if entangled quantum subsystems411

are co-located on a null T -hypersurface (a Gabriel Corridor), the correlation decay time τc should412

be significantly longer than in a non-corridor alignment. An experiment involves:413

1. Creating entangled photon pairs.414

2. Orienting the detector path along ∇T⊕ (corridor alignment).415

3. Orienting the detector path orthogonal to ∇T⊕ (non-corridor).416

The predicted differential correlation lifetime is ∆τc/τc ∼ 10−4 between the two orientations, a417

measurable effect using current quantum optics equipment. This constitutes a direct test of the418

ds2T = 0 causal structure on Earth.419

9 Discussion and Next Steps420

Paper XVI establishes the first complete geometric electrodynamics derived from the chronoscalar421

field itself. In this picture, electromagnetism is not a fundamental U(1) interaction but the422

transverse geometry of the chronoscalar condensate, projected orthogonally to the cosmic gradient.423

The resulting structure reproduces every classical feature of Maxwell theory while also explaining424

its deeper conceptual features:425

• why photons propagate strictly at c even though the true causal structure is chronoscalar,426
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• why electric and magnetic fields form a mutually orthogonal pair,427

• why the Poynting vector is transverse to ∇T ,428

• why polarization is chirally aligned with the arrow of time,429

• why vacuum energy cancels between longitudinal and transverse T modes.430

Yet the chronoscalar program is far from complete. Several major questions now arise naturally:431

(1) Embedding the Standard Model If electromagnetism emerges from a single field, then432

SU(2)L and SU(3)c must be emergent as well. The immediate next step is to classify the allowed433

topological structures of ∇T defects and determine which correspond to non-Abelian gauge symme-434

tries. Preliminary evidence from the tensor spectrum of the Hessian suggests a natural embedding435

of weak isospin in the doubly transverse sector and color in the triply transverse one, but a full436

treatment requires a generalization of the chronoscalar projector to rank-3 bundles.437

(2) The chronoscalar equivalence principle Because inertia, gravity, and electromagnetism all438

derive from the same field, one expects a deeper equivalence between their excitations. An experiment439

suggested by Sec. VIII involves comparing the polarization-dependent EM cavity shifts with small440

modulations in∇T introduced by lunar and solar tidal fields. If the chronoscalar equivalence principle441

is correct, such modulations should produce cross-correlated EM and gravitational signatures.442

(3) Role of sterile neutrinos Leptogenesis in Paper XIV requires at least one sterile neutrino443

species with non-zero scalar charge. If electromagnetism and gravity emerge from the same field,444

then sterile neutrinos should mediate mixing between transverse and longitudinal T excitations,445

producing a small but observable shift in CMB E/B-mode statistics and in laboratory neutrino446

oscillation baselines.447

(4) Quantum information in a chronoscalar universe Chronoscalar null surfaces permit448

correlation speeds vcorr ∼ 1011c for laboratory separations. These are not physical signal speeds449

but geometric re-alignments of T-phase surfaces. Photons respect the metric light cone, but phase450

rotations do not. This predicts a new class of quantum-optical experiments capable of distinguishing451

between metric and chronoscalar corridors using ultrafast entanglement switching.452

(5) Cosmological birefringence and early-universe EM The early universe, with its vastly453

larger gradient |∇T | ∼ 1030m−1, must have produced a distinctive pattern of polarization rotation454

now fossilized in the CMB. The predicted rotation angle is455

∆θCMB ≃
(
|∇T |rec
|∇T |⊕

)(
Lcorr

Lrec

)
∼ 10−2 rad,

which is within the sensitivity of next-generation CMB-S4 analyses.456
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These developments suggest that the chronoscalar framework is no longer merely a gravitational457

or cosmological theory: it is the foundation for a single-field description of all interactions.458

10 Conclusion459

Paper XVI marks a turning point in the chronoscalar program. For the first time, electromagnetism460

has been derived in its entirety from the geometry of a single scalar field T (xµ) whose primordial461

spatial gradient |∇T | determines the causal order, inertial mass, gravitational attraction, and now462

the structure of gauge interactions. The derivation leads to the following core results:463

1. The electric field is the longitudinal projection of the transverse T -mode.464

2. The magnetic field is the rotation of the transverse mode in the orthogonal plane.465

3. Photon propagation is transverse to ∇T , explaining why the energy flux is always466

orthogonal to the cosmic arrow of time.467

4. Maxwell’s equations emerge exactly from the geometry of the chronoscalar projector468

acting on the Hessian ∇µ∇νT .469

5. Charge arises as a topological index associated with helical excitations around ∇T defects.470

6. Quantum electrodynamics becomes the quantization of transverse fluctuations of the471

chronoscalar condensate.472

7. All laboratory predictions follow directly from the measured Earth gradient |∇T |⊕.473

Together with Papers XIII through XV, this completes the first complete derivation of classical474

and quantum electromagnetism from a single geometric field. The next phase (Paper XVII)475

will pursue the non-Abelian generalization, seeking a chronoscalar origin of the weak and strong476

interactions.477
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