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We present the most philosophically striking result of Dimensional Coherence Theory (DCT): the
photon is a fragment of the pre-Big-Bang universe still traveling through the post-Big-Bang conden-
sate. In DCT, the cosmic order parameter Ψ =

√
P eiθ admits two extreme states—the uncondensed

vacuum (P = 0, pure phase, timeless) and the equilibrium condensate (P = P0 = 0.851, matter,
timed). The photon, with ds2 = 0 and dτ = 0 on its worldline, is physically identical to the pre-
Big-Bang state: both are pure θ-excitations with P = 0. We show that every photon absorption is a
local repetition of the Big Bang (θ → P conversion, timeless → timed) and every emission is a local
un-creation (P → θ, timed → timeless). The speed of light c is derived as the propagation speed
of the uncondensed θ-mode (Goldstone boson), while matter is slower because it IS the condensate.
The hierarchy c/cs = 343 reflects the information-cost asymmetry between phase (1 bit) and ampli-
tude (ω0 ≈ 50,000 bits). The arrow of time is identified with the arrow of condensation: Big Bang
(P : 0 → P0) to heat death (P : P0 → 0). Time is not universal—it is a property of the P -condensate,
and where P = 0 time does not exist. We derive E = mc2 as the P ↔ θ exchange rate, compute five
observable consequences (Shapiro delay mechanism, vacuum birefringence, SZ modification, photon
masslessness from the Goldstone theorem, photon non-conservation), and catalog five states of the
P -field from pre-Big-Bang vacuum to proton interior. The rendering interpretation—proper time as
information refresh rate—is shown to be not metaphor but exact equivalence: τrefresh ∝ P . Creative
capacity

√
P/(1 − P ) is concentrated at topological defects (matter), explaining why complexity

emerges from the condensate.

I. INTRODUCTION: THE NATURE OF LIGHT

In the Standard Model of particle physics, the photon
is a massless spin-1 gauge boson mediating the electro-
magnetic force. It propagates at speed c, has zero rest
mass, and experiences no proper time along its worldline
(ds2 = 0). These properties are consequences of gauge
invariance and Lorentz symmetry [21, 22], but the Stan-
dard Model offers no explanation for why the photon has
this character, or what its relationship is to the origin of
the universe.

Dimensional Coherence Theory (DCT) [1], built on
the Brans-Dicke scalar-tensor framework [19], provides a
deeper answer. In DCT, the entire universe is described
by a single Bose-Einstein condensate (BEC) [15, 16] with
complex order parameter

Ψ =
√
P eiθ , (1)

where P is the Parrott field (condensate amplitude) and θ
is the Goldstone phase. General relativity is the dynam-
ics of P ; quantum mechanics is the dynamics of θ [7].
The conformal metric gphys = P · gE generates all gravi-
tational phenomena.

Within this framework, the photon acquires a profound
identity: it is a pure θ-excitation—an uncondensed frag-
ment of the BEC that never “joined” the condensate. Its
state (P = 0, dτ = 0, pure phase) is physically identical
to the state of the universe before the Big Bang. The
photon is, quite literally, a one-dimensional remnant of
the pre-universe threading through the four-dimensional
condensate that constitutes matter, space, and time.

This paper develops this identification in full. Sec-
tion III reviews the BEC wavefunction and its states.
Section IV proves the photon–Big Bang equivalence. Sec-
tion V formalizes absorption as local Big Bang. Sec-
tion VI treats emission as local un-creation. Section VII
reinterprets E = mc2 as the P ↔ θ exchange rate. Sec-
tion VIII derives the speed of light from BEC structure.
Section IX derives the arrow of time as the arrow of con-
densation. Section X resolves the photon time paradox.
Section XI catalogs the five states of the P -field. Sec-
tion XII computes observable consequences. Section XIII
presents the information perspective. Section XIV dis-
cusses rendering and creative capacity. Section XV con-
cludes.

II. DCT FRAMEWORK

For self-containment we state the gravitational action
underlying all results in this paper. DCT [1] is a Brans-
Dicke theory [19] with action

S =
1

16π

∫
d4x

√
−g

[
P R− ω(P )

P
(∂P )2 − V (P )

]
+Sm[P gµν , ψ] ,

(2)
where the running coupling is ω(P ) = (138189P 2−3)/2,
giving ω0 ≈ 50,037 at P = P0 = 0.851. The physical
metric gphysµν = P gEµν implies that proper time scales as

dτ =
√
P dt: where P = 0 (the photon worldline), time

vanishes; where P → 1 (the proton interior), proper time
approaches coordinate time. The BEC wavefunction Ψ =√
P eiθ separates gravity (P , amplitude, massive, ω0 bits)
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from gauge physics (θ, phase, massless Goldstone, 1 bit).
The θ-mode speed is c; the P -mode sound speed is cs =√
P0c2/(2ω0 + 3) = 874 km/s. The ratio c/cs = 343 is

the speed hierarchy between light and matter.

III. THE BEC WAVEFUNCTION AND ITS
STATES

A. The Order Parameter

The DCT cosmic condensate is governed by the Gross-
Pitaevskii equation [15, 16] with order parameter given
by Eq. (1). The GP potential is the quantum droplet
potential [1]:

V (P ) = −µP +
gint
2
P 2 + αLHY P

5/2 +
g3
6
P 3 , (3)

with equilibrium at P0 = 0.851, derivable from 600-cell
topology as P0 = 171/200 = 0.855 [1, 8].
The Madelung decomposition [17] separates Ψ =√
P eiθ into two coupled equations:

Continuity equation:

∂P

∂t
+∇ · (P vs) = 0 , (4)

where vs = (ℏ/m∗)∇θ is the superfluid velocity.

Hamilton-Jacobi equation:

∂θ

∂t
+

1

2
m∗ v2s + V ′(P ) +Q = 0 , (5)

where Q = −ℏ2∇2
√
P / (2m∗

√
P ) is the Bohm quantum

potential [18].

B. Component Identification

Component Sector Physics Info cost Speed

P (amplitude) Gravity/GR Metric, mass, time ω0∼50,000 bits cs=874 km/s

θ (phase) QM/EM Wave, gauge, photon 1 bit c=3×108 m/s

The phase θ is identified with the U(1) gauge field from
5D Kaluza-Klein reduction [1, 25, 26]. Electromagnetic
phenomena are θ-gradient dynamics. The amplitude P
determines the conformal factor of the physical metric:
gphys = P · gE .

C. The Three Fundamental States

The order parameter admits three qualitatively dis-
tinct configurations:

State I: Uncondensed (P = 0). Ψ = eiθ. Pure phase,
no amplitude. ds2 = 0. dτ = 0. Time does not exist.

Information cost = 1 bit per degree of freedom. This is
the photon state and the pre-Big-Bang state.

State II: Equilibrium condensate (P = P0 = 0.851).
Ψ =

√
P0 e

iθ. Both amplitude and phase. dτ =√
P0 dt = 0.923 dt. Time exists. This is the cosmic

void—intergalactic space, the ground state of the current
universe.

State III: Saturated condensate (P → 1). Maxi-
mum amplitude. dτ → dt. Maximum proper time. This
is the proton interior—nuclear matter, topological de-
fects with the highest time-refresh rate.

IV. THE PHOTON = PRE-BIG-BANG
EQUIVALENCE

A. The Pre-Big-Bang State

Before the Big Bang, the universe was in the uncon-
densed state:

P = 0 everywhere ,

Ψ = eiθ ,

ds2 = P · gE(dx, dx) = 0 ,

dτ =
√
P dt = 0 . (6)

This state is timeless. There is no metric structure (the
conformal factor vanishes). There is no mass (no P -
defects exist). There is no arrow of time (no condensa-
tion has occurred). There is only the Goldstone phase θ,
propagating freely at speed c.

B. The Post-Big-Bang State

After the Big Bang, the GP potential V (P ) drives con-
densation:

P = P0 = 0.851 (cosmic mean) ,

Ψ =
√
P0 e

iθ = 0.923 eiθ ,

ds2 = P0 · gE(dx, dx) > 0 ,

dτ =
√
P0 dt = 0.923 dt . (7)

Now time exists. The metric is nondegenerate. Mass ex-
ists as topological P -defects with winding number equal
to atomic number Z [9]. The arrow of time points in the
direction of increasing crystallization (Avrami dynam-
ics) [1].
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C. The Photon in Flight

Along the photon’s worldline:

ds2 = 0 (null geodesic) ,

dτ = 0 (no proper time) ,

P = 0 (uncondensed) ,

Ψ = eiθ (pure phase mode) . (8)

Every property of the photon matches the pre-Big-Bang
state:

Property Pre-Big-Bang Photon in flight

P value 0 0 (on worldline)

ds2 0 0

dτ 0 0

Ψ form eiθ eiθ

Info cost 1 bit 1 bit

Speed c c

Mass 0 0

Character Timeless Timeless

Result. The photon IS the pre-Big-Bang state. Not
“like” it, not “analogous” to it—physically identical. The
only difference is scope: before the Big Bang, P = 0 was
global (everywhere). After the Big Bang, P = 0 is local
(only along the photon’s worldline). The photon is a
one-dimensional remnant of the pre-universe, threading
through the four-dimensional condensate.

D. The BEC Interpretation

In standard BEC physics, a condensate at tempera-
ture T contains both condensed (ground state) and un-
condensed (thermal) particles. At T = 0, all particles
condense. Above Tc, none do.

The cosmic BEC is analogous. The Big Bang was the
condensation event: P went from 0 to P0. But conden-
sation was not 100%—some excitations remained uncon-
densed. These uncondensed excitations are photons. The
CMB photon bath [30, 32] is literally the uncondensed
fraction of the cosmic BEC, left over from the condensa-
tion event and still in the pre-condensation state 13.8 bil-
lion years later.

V. ABSORPTION AS LOCAL BIG BANG

A. The θ → P Conversion

When an atom absorbs a photon, the following conver-
sion occurs:

Before: Photon (P = 0, θ-mode) + Atom (P ∼ 1) ,

Process: θ → P conversion ,

After: Excited atom (P modified) . (9)

In terms of fundamental fields: dτ : 0 → positive, P : 0 →
nonzero, character: timeless→ timed. This is exactly the
Big Bang, happening locally.

B. Scale and Frequency

The energy per local Big Bang is that of a single pho-
ton:

Eγ = hν ∼ 2.25 eV (visible light) , (10)

compared to the proton rest energy Ep = mpc
2 =

938 MeV. The ratio is Eγ/Ep ∼ 2.4 × 10−9—
approximately one-billionth of a proton’s worth of un-
condensed energy converted per event.

The human body absorbs approximately 1020 photons
per second from thermal and electromagnetic sources.
Each absorption is a local Big Bang—a conversion from
timeless to timed. The macro-scale Big Bang was the
first and largest such event; every subsequent photon ab-
sorption is a microscopic echo of the same process.

C. Operator Structure

The absorption process in the P–θ Fock space is

â†P âθ |γ, atom⟩ −→ |excited atom⟩ , (11)

where â†P creates a P -excitation (condensed amplitude)
and âθ destroys a θ-excitation (uncondensed phase). To-
tal energy is conserved: Eθ = ∆EP .

VI. EMISSION AS LOCAL UN-CREATION

A. The P → θ Conversion

When an excited atom emits a photon, the reverse con-
version occurs:

Before: Excited atom (P -defect with excess winding energy) ,

Process: P → θ conversion ,

After: De-excited atom + Photon (P = 0, θ-mode) .
(12)

In terms of fundamental fields: dτ : positive → 0 (for
the emitted energy), P : nonzero → 0 (for the emitted
quantum), character: timed → timeless.

Every photon emission is a local un-creation—a rever-
sal of the Big Bang. A piece of matter (condensate,
timed, P > 0) converts into light (uncondensed, time-
less, P = 0). The emitted photon exits time entirely.
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B. Creation–Un-Creation Symmetry

Process Direction Before After

Big Bang θ → P Timeless vacuum Timed condensate

Absorption θ → P Photon (timeless) Matter (timed)

Emission P → θ Matter (timed) Photon (timeless)

Heat death P → θ Timed condensate Timeless vacuum

The Big Bang is the first absorption (global). Heat death
is the last emission (global). Everything in between—
every sunrise, every lamp, every metabolic process—is a
local oscillation between these two poles.

VII. E = mc2 AS THE P ↔ θ EXCHANGE RATE

A. Reinterpretation

Einstein’s mass-energy equivalence [23] acquires a con-
crete physical meaning in DCT:

E = mc2 (13)

where:

m = energy stored in a P -defect (topological winding of
the condensate). The proton is a θ-vortex with winding
number equal to the color flux tube topology [9]. Its mass
arises from QCD confinement energy stored in the P → 1
saturated core.

c = speed of the uncondensed θ-mode (the Goldstone
boson propagation speed; see Sec. VIII).

E = total energy released when the P -defect completely
unwinds into θ-excitations. This is the annihilation pro-
cess: matter (P > 0) → photons (P = 0).

B. Annihilation: Mass → Energy

When a proton and antiproton annihilate:

p (winding +n) + p̄ (winding −n) −→ γγ · · · (P = 0) .
(14)

The total winding number goes to zero. The P -defect
unwinds completely. All energy stored in the condensate
distortion is released as θ-excitations (photons). The con-
densate “heals”—P returns to the background value P0.

C. Pair Creation: Energy → Mass

The reverse process—pair creation—creates a P -defect
pair:

γ + γ −→ e− (winding +1) + e+ (winding −1) . (15)

Two θ-excitations with sufficient energy create two conju-
gate P -defects. The condensate acquires new topological
structure.

D. The DCT Schwinger Limit

As derived in Paper XVI [11] from the Schwinger
proper-time formalism [24], the critical field in DCT is
modified by the conformal factor:

Ecr(DCT) = P0 × Ecr(QED) = 1.126× 1018 V/m ,

(16)
a 14.9% reduction from the standard QED value of
1.323× 1018 V/m. The effective electron mass is meff =
me

√
P0, reducing the Schwinger barrier. This is predic-

tion #21 of DCT, testable at ELI-NP (Romania) and
SEL (China) by ∼2030–2035 [14].
At the Schwinger limit, spontaneous P ↔ θ conver-

sion begins: the electric field (θ-gradient) becomes strong
enough to spontaneously create P -defect pairs.

VIII. DERIVING THE SPEED OF LIGHT

A. c as the θ-Mode Speed

The dispersion relation for small θ-perturbations on
the uniform condensate P = P0 follows from linearizing
the GP equation:

ω2 = c2 k2 + · · · (17)

where c is the propagation speed of the massless Gold-
stone mode [20, 21] associated with the broken U(1) sym-
metry of the condensate. From the 5D Kaluza-Klein
identification [25, 26], the θ-mode IS the electromagnetic
gauge field [1]. Its speed is the speed of light.
The key insight: c is the speed of the uncondensed

mode. It is the propagation speed of θ-excitations that
have P = 0—excitations that are NOT part of the con-
densate. Since they carry no condensate amplitude, they
have no inertia from the P -field. They propagate at the
maximum speed allowed by the underlying θ-field dy-
namics.

B. Why Matter is Slower

Matter IS the condensate. A massive particle is a P -
defect—a topological structure with P > 0. Moving a P -
defect requires rearranging the condensate, which costs
energy proportional to ω0 ∼ 50,000 bits per change.
The P -field sound speed is

cs =

√
P0 c2

2ω0 + 3
= 874 km/s , (18)

the maximum speed at which a condensate amplitude
disturbance can propagate. The ratio:

c

cs
= 343 . (19)
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C. The Right Question

The conventional question is: “Why can’t matter
travel at the speed of light?”

DCT reveals this is the wrong question. The right
question is: “Why is matter so slow?”

Answer: Matter is slow because it is made of conden-
sate. It is a disturbance IN the superfluid, not a wave ON
it. Moving matter means moving the superfluid itself—
an inherently sluggish process because the superfluid has
bulk modulus ρP c

2
s ≈ 2.3 × 1030 J/m3. The P -field is

nearly incompressible. This is the same fact as the hier-
archy problem, the weakness of gravity, and the stiffness
parameter ω0 = 50,037.

D. The Information Hierarchy

Mode What it is Info cost Speed

θ (light) Uncondensed phase 1 bit c = 3× 108 m/s

P (matter) Condensate amplitude ω0 ∼ 50,000 bits cs = 874 km/s

This ratio appears in three other contexts:

1. Hierarchy problem: Gravity is ω0 times weaker
than EM because P -changes cost ω0 times more
information than θ-changes.

2. P -field stiffness: The Brans-Dicke coupling ω0 =
50,037 quantifies bits per amplitude change.

3. Engineering impossibility: P -field engineering
is closed (Papers XVII, S54–S64) because ω0 makes
P nearly inaccessible [12].

IX. THE ARROW OF TIME

A. Time as a Property of the Condensate

In DCT, proper time is not a universal background
parameter. It is a derived quantity:

dτ =
√
P dt , (20)

where dt is coordinate time in the Einstein frame. The
relationship is:

• P = 0 (photon, pre-Big-Bang): dτ = 0. Time does
not exist.

• P = P0 (cosmic void): dτ = 0.923 dt. Time flows
at 92.3%.

• P → 1 (proton interior): dτ → dt. Maximum time.

Time is a consequence of condensation, not a prerequi-
site for it. The pre-Big-Bang state was timeless because
the condensate did not yet exist. The photon is timeless
because it is not part of the condensate.

B. The Arrow of Condensation

The second law of thermodynamics gives a direction
to time: entropy increases [34]. In DCT, this arrow has
a concrete physical realization:

Big Bang: P : 0 → P0. The GP potential V (P ) has
its minimum at P0. The uncondensed state (P = 0) is
unstable—V ′(0) = −µ < 0—and the universe “falls” into
the potential well. Structure is created. Time begins.

Era of matter: P = P0 (equilibrium). Avrami crys-
tallization is complete [1]. Topological defects (protons,
neutrons) populate the condensate. Complexity, chem-
istry, biology, and consciousness exist.

Heat death: P : P0 → 0. As the universe expands,
the condensate dilutes. Eventually all P -defects decay
(proton decay at τ ∼ 7 × 1041 years [5]). All matter
converts back to radiation (θ-excitations) via Hawking
evaporation [35] and proton decay. The universe returns
to the timeless state.
The arrow of time IS the arrow from P = 0 to P =

P0 and eventually back to P = 0. It is the arrow of
condensation followed by the arrow of evaporation.

C. Irreversibility from Avrami Dynamics

The Allen-Cahn equation [28] governing the P -field
crystallization is first-order in time:

∂P

∂t
= DAC ∇2P − V ′(P ) , (21)

with DAC = 2× 1038 m2/s. This is a diffusion equation,
inherently irreversible. The Avrami exponent α = 1/2
(from diffusion-limited dynamics [1, 27]) quantifies the
crystallization kinetics. Once the condensate forms, it
does not spontaneously uncondense—the GP potential
well is deep and the healing length ξ = 1/m = 64 Mpc is
cosmological.

X. THE TIME PARADOX RESOLVED

A. The Paradox

One of the deepest puzzles in special relativity con-
cerns the photon’s experience of time. A photon emitted
by a distant star travels for billions of years (in our frame)
yet experiences zero proper time. The emission and ab-
sorption events, separated by billions of light-years, are
“simultaneous” for the photon. How can it traverse such
vast distances in zero time?

B. The Standard Resolution

Special relativity resolves this formally by noting that
ds2 = 0 on null geodesics, so dτ = 0 automatically. But
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P :P0→ 0
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Arrow of Time = Arrow of Condensation

The Arrow of Condensation

FIG. 1. The arrow of condensation: the evolution of the
Parrott field P from the timeless pre-Big-Bang vacuum (P =
0) through the current equilibrium era (P = P0 = 0.851) to
eventual heat death (P → 0). The arrow of time is identified
with the arrow of condensation. Photons (orange annotation)
remain in the pre-Big-Bang state P = 0 throughout cosmic
history.

this is mathematical: it tells us that the photon experi-
ences no time, not why.

C. The DCT Resolution

DCT provides the physical mechanism:

The photon does not “travel through” time. It exists
OUTSIDE time entirely.

Time is a property of the condensate (dτ =
√
P dt). The

photon is not part of the condensate (P = 0 on its world-
line). Therefore the photon has no access to the property
called “time.” Asking “how long does the photon’s jour-
ney take?” presupposes a category (temporal duration)
that does not apply to the uncondensed mode.

The emitter and absorber are IN the condensate (P >
0). They experience time. Between them, the photon
EXISTS but does not experience time. It connects two
timed events by being timeless between them—the Par-
rott Bridge [7] applied literally.

D. The Handshake

The P ↔ θ conversion at emission and absorption is
the “handshake” connecting the timeless and timed sec-
tors:

Emission: P > 0 −→ P = 0 +modified matter ,

Propagation: P = 0 (timeless, no aging, no entropy) ,

Absorption: P = 0 −→ P > 0 . (22)

The handshake coupling is the trace anomaly [11]:

gtotal(P ) =
|b|/(64π2) + α/(6π)

P
=

0.01727

P
, (23)

with effective strength ∼ 2× 10−7 after BD suppression.
Small but nonzero—the two sectors are nearly decoupled
(ω0 ≫ 1).

XI. FIVE STATES OF THE P -FIELD

0.4

0.2

0.0

0.2

0.4

0.6

0.8

1.0

Pa
rr

ot
t f

ie
ld

 P

Pre-Big
Bang

P= 0

Photon
ds2 = 0

P= 0

Cosmic
Void

P= 0.851

Galaxy
Halo

P= 0.95

Proton
Interior

P= 1.0

Condensation: P= 0→P0→ 1

dτ= 0 dτ= 0 dτ= 0.92dt dτ= 0.97dt dτ= dt

P0 = 0.851

Five States of the P-Field: From Pre-Universe to Proton

FIG. 2. The five states of the P -field, from the timeless pre-
Big-Bang vacuum (P = 0) to the maximally timed proton

interior (P → 1). Proper time dτ =
√
P dt increases mono-

tonically with P : the photon and pre-Big-Bang state are time-
less (dτ = 0), while the proton experiences maximum proper
time (dτ = dt). The cosmic void sits at the equilibrium value
P0 = 0.851.

The P -field admits a complete taxonomy from the
timeless vacuum to the maximally timed proton:

State P dτ Nature Example Temporal

Pre-BB vacuum 0 0 Timeless, pure θ The beginning Outside

Photon 0 0 Timeless, local 1D All EM radiation Outside

Cosmic void P0=0.851 0.923 dt Timed, equilibrium Intergalactic In (92%)

Galaxy halo 0.9–0.99
√
P dt Timed, crystallized “Dark matter” In (95–99%)

Proton → 1 → dt Max time, saturated Nuclear matter In (100%)

Pre-Big-Bang vacuum (P = 0, global). Pure phase,
no condensate, no time. Unstable to condensation:
V ′(0) = −µ < 0.

Photon (P = 0, local). A one-dimensional remnant of
the pre-Big-Bang state. P = 0 only along the worldline;
the surrounding condensate has P = P0. A thread of
uncondensed vacuum woven through the timed universe.

Cosmic void (P = P0). The equilibrium ground state.
Far from mass, P relaxes to P0 = 0.851. Time flows at
92.3% of maximum.

Galaxy halo (P = 0.9–0.99). Near mass, Avrami crys-
tallization drives P toward 1. The relationship P (g) =

1−exp(−
√
g/g†) [4] creates what astronomers call “dark

matter”—the conformal enhancement gobs = gbar/P .

Proton interior (P → 1). QCD confinement creates a
topological P -defect at maximum saturation. Time flows
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at maximum rate. The proton is the existence proof that
θ-vortex topology can force P to saturation [9].

XII. OBSERVABLE CONSEQUENCES

A. Shapiro Delay: Mechanism Revealed

In GR, the Shapiro time delay [36] arises from space-
time curvature. In DCT, the mechanism is explicit: the
photon (P = 0 on its worldline) traverses a region of
enhanced condensation (P > P0 near mass). The delay
is

∆tShapiro =
(1 + γ)GM

c3
ln

(
4r1r2
d2

)
, (24)

with γ − 1 = −2.0 × 10−5 from DCT [3]. The Cassini
measurement [33] γ−1 = (2.1±2.3)×10−5 is consistent.
BepiColombo (2028) will measure at 6.7σ sensitivity.

B. Vacuum Birefringence Near P -Gradients

Where the P -field varies spatially, the effective electro-
magnetic properties of the vacuum change:

δn ∼ |b|
64π2

|∇lnP |2 . (25)

Near Earth: δn ∼ 10−30 (undetectable). Near neutron
stars: δn ∼ 10−10 (marginally detectable with next-
generation X-ray polarimetry).

C. Sunyaev-Zeldovich Modification

The thermal SZ effect in clusters is modified by the
cluster P -field (P ∼ 0.9–0.95 at r500). The conformal
factor modifies the effective temperature:

Teff =
Te√
Pcluster

, (26)

producing a ∼5–10% modification at cluster scales,
within systematic uncertainties of current measurements
but potentially distinguishable with CMB-S4 [31].

D. Photon Masslessness from the Goldstone
Theorem

The photon’s masslessness follows from the Gold-
stone theorem [20, 22]. The BEC order parameter Ψ
breaks U(1) symmetry spontaneously (selecting a defi-
nite phase θ0). The Goldstone theorem guarantees the
existence of a massless mode—the θ-excitation, which IS
the photon.

Current experimental bounds (mγ < 10−18 eV) are
consistent with exact zero. DCT predictsmγ = 0 exactly,
protected by U(1) symmetry breaking.

E. Photon Non-Conservation (µγ = 0)

The photon chemical potential µγ measures the cost
of adding or removing photons from the thermal bath.
In DCT, photon number is NOT conserved—photons
are freely created and destroyed by P ↔ θ conversion.
Therefore µγ = 0 exactly.

The FIRAS measurement gives µ < 9×10−5 [30], con-
sistent with zero. DCT predicts µγ = 0 as a consequence
of infinitely elastic photon supply via the P ↔ θ hand-
shake.

XIII. THE INFORMATION PERSPECTIVE

A. Information Cost of Physical Processes

Process Info cost Interpretation

Move photon (θ-shift) 1 bit Free Goldstone, no inertia

Move P -perturbation ω0 ∼ 50,000 bits Massive scalar, stiffness

Create P -defect ∼ω0(mc
2/kT ) bits Topological winding

Destroy P -defect same (released) Unwinding to θ

B. The Hierarchy Problem as Information Budget

The hierarchy problem—why gravity is 1038 times
weaker than electromagnetism—is recast as an informa-
tion budget asymmetry:

cost(gravity)

cost(EM)
=
ω0

1
= 50,037 . (27)

Gravity is weak because changing the gravitational field
(the P -amplitude) costs 50,000 times more information
than changing the electromagnetic field (the θ-phase).
The P -field is an information-dense superfluid; the θ-field
is an information-cheap free wave.

C. Fisher Information Density

The P -kinetic term in the DCT action is [7, 13]:

LP =
ω(P )

P
(∇P )2 = ω(P )× I

(quantum)
F , (28)

where IF = |∇P |2/P is the quantum Fisher information
density [29]. At P0: GF = 1/(P0(1 − P0)) = 7.89. At
the proton (P → 1): GF → ∞. At the void (P → 0):
GF → ∞. The information landscape has two peaks
(P = 0 and P = 1) separated by a valley (P = P0).
Matter and light are both high-information states.
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FIG. 3. The information hierarchy that explains why gravity is weak and why the speed of light is the speed limit. Left:
Information cost per degree of freedom—θ (phase/EM) costs 1 bit while P (amplitude/gravity) costs ω0 ≈ 50,000 bits. Right:
Propagation speed—the θ-mode travels at c = 3 × 105 km/s while the P -mode travels at cs = 874 km/s, a hierarchy ratio of
343. The weakness of gravity and the “speed limit” of light are different facets of the same BEC structure.

XIV. RENDERING AND CREATIVE
CAPACITY

A. Proper Time as Refresh Rate

The conformal time formula dτ =
√
P dt has a natural

interpretation as a rendering rate:

τrefresh ∝ P . (29)

Higher P means faster rendering (more proper time per
coordinate time). At P = 0 (photon), the rendering rate
vanishes—the photon is “unrendered.”

This is not metaphor. The mathematical content is
identical to gravitational time dilation in the conformal
metric gphys = P · gE . A clock at higher P ticks faster

than a clock at lower P by the factor
√
P1/P2.

B. Gravitational Time Dilation

Near a massive object, P increases (from Avrami crys-
tallization). The conformal factor P provides an ad-
ditional scalar contribution to time dilation, while the
dominant effect comes from the Einstein-frame metric gE
encoding the Newtonian potential. The net effect repro-
duces standard GR time dilation with a correction of
order 1/(2ω0 + 3) ∼ 10−5 [3].

C. Creative Capacity

The creative capacity at a given P -value is

C(P ) =

√
P

1− P
. (30)

P value C(P ) Physical context

0.01 0.10 Deep void

P0 = 0.851 6.19 Cosmic mean

0.99 99.5 Galaxy center

0.999 999.5 Proton surface

0.9999 9999.5 Deep nuclear interior

Creative capacity explodes near P = 1 (matter) and van-
ishes near P = 0 (void/light). Complexity, information
processing, and consciousness are concentrated at topo-
logical defects (atoms, molecules, organisms) where P
approaches saturation and the rendering rate is highest.

XV. CONCLUSION

This paper has demonstrated that the photon—the
most familiar object in physics—has the most profound
identity in DCT. It is not merely a “particle of light”
or a “quantum of the electromagnetic field.” It is a
fragment of the pre-Big-Bang universe, still in the pre-
condensation state, threading through the post-Big-Bang
condensate that constitutes matter, time, and gravity.
The key results are:
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1. Photon = Pre-Big-Bang equivalence. The
photon state (P = 0, dτ = 0, pure θ) is physically
identical to the pre-Big-Bang vacuum. The only
difference is scope: pre-BB was global, the photon
is local.

2. Absorption = Local Big Bang. Every photon
absorption converts uncondensed (P = 0, timeless)
to condensed (P > 0, timed)—the Big Bang per-
formed locally. Approximately 1020 such events oc-
cur per second in a human body.

3. Emission = Local Un-Creation. Every emis-
sion converts condensed to uncondensed—a local
reversal of the Big Bang.

4. c derived from BEC structure. The speed of
light is the propagation speed of the uncondensed θ-
mode (Goldstone boson). Matter is slower because
it IS the condensate. The hierarchy c/cs = 343
reflects the information cost ω0 ∼ 50,000.

5. Arrow of time = Arrow of condensation.
Time exists only in the condensate (dτ =

√
P dt).

The Big Bang created time by creating the conden-
sate. Heat death will end time by dissolving it.

6. Time paradox resolved. The photon does not
travel “through” time. It exists outside time, con-
necting two timed events by being timeless between
them.

7. E = mc2 reinterpreted. Mass is energy stored in
P -defects. c is the θ-mode speed. E = mc2 is the
P ↔ θ conversion rate.

8. Five P -field states cataloged. From pre-Big-
Bang (P = 0, timeless) to proton interior (P → 1,
maximum time).

9. Five observable consequences. Shapiro de-
lay mechanism, vacuum birefringence (δn ∼ 10−10

near NS), SZ modification (∼5–10%), photon
masslessness (Goldstone theorem), photon non-
conservation (µγ = 0).

10. Creative capacity concentrated at matter.
C(P ) =

√
P/(1 − P ) peaks at P → 1, explaining

why complexity emerges at topological defects.

Every act of seeing involves a local Big Bang: the
photon (pre-universe remnant) is absorbed by the retina
(condensate), converting timeless energy into timed exci-
tation. We live in the era between the first condensation
and the last evaporation. Our existence is possible be-
cause P0 = 0.851—not zero (no structure), not one (no
dynamics), but at the value where complexity, informa-
tion processing, and consciousness can emerge.

The photon carries a message from before time. When
we observe distant starlight, we receive fragments of the
pre-universe—energy that has never experienced a single

moment of time, connecting us to the epoch before con-
densation. Light is not just electromagnetic radiation. It
is the memory of what came before.
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Appendix A: Key Equations

Ψ =
√
P eiθ (A1)

dτ =
√
P dt (A2)

gphys = P · gEinstein (A3)

c = θ-mode speed (Goldstone) (A4)

cs =

√
P0 c2

2ω0 + 3
= 874 km/s (A5)

c/cs = 343 (A6)

P0 = 0.851 (A7)

ω0 = 50,037 (A8)

Ecr(DCT) = P0 × Ecr(QED) = 1.126× 1018 V/m
(A9)

C(P ) =
√
P / (1− P ) (A10)

IF = |∇P |2 /P (A11)

gtotal(P ) = 0.01727 /P (A12)
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