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Abstract

Standard inflationary cosmology addresses the observed large-scale uniformity, near-flat
geometry, and primordial perturbation spectrum by introducing an early interval of accelerated
expansion within the reconstructed history of the observable universe. The Triple Bounce Cos-
mological Framework proposes a different interpretive possibility: the observable hot expanding
universe may represent primarily the third outward leg of a longer directional history, preceded by
an outward Electro leg, an inward Electro return, and two sector-specific reversals occurring while
the larger cosmological background may remain globally expansive. The framework contains one
singular opening. The outer and central reversals are sector-specific Electro transitions rather
than additional singularities, and their causes remain unresolved.

This paper does not identify the first outward Electro leg with inflation. It investigates
whether inflationary inference may partly result from reconstructing a three-leg history as
though only the observable third leg existed. The central question is whether causal contact,
curvature suppression, and acceptable primordial perturbations can arise from the accumulated
pre-third-leg history without requiring the first leg to behave as conventional inflation.

The analysis distinguishes observational success from historical uniqueness. It introduces a
resolved post-singularity raw conformal interval, a third-leg-only conformal interval, correlation-
retention factors, transition matching conditions, curvature-transfer maps, and a central matching
operator connecting the inherited two-pass state to third-leg perturbation initial data. The
framework is required to reproduce the established successes of inflationary ΛCDM, including
the cosmic microwave background acoustic structure, near-flatness, large-scale statistical isotropy,
and an acceptable primordial perturbation spectrum. Paper II distinguishes observational
recovery from historical identification: a model may recover the measured third-leg observables
yet remain degenerate with a suitably chosen inflationary or other pre-hot-history model. A
longer history is not considered a viable candidate resolution unless the relevant causal integrals,
correlation-retention laws, curvature evolution, primordial transfer, and cross-observable relations
are explicitly calculated.

The primary thesis tested here is replacement: the complete Triple Bounce history is proposed
to perform the causal, geometric, perturbative, and thermal functions for which a separate
primordial inflationary stage is ordinarily invoked. This is a reciprocal test. A successful frozen
noninflationary counterexample falsifies the corresponding claim that inflation is necessary for
that function; failure of that counterexample does not prove inflation necessary and does not
reject the triple directional history or any other independent Triple Bounce claim. Empirical
analysis may force a restricted, complementary, degenerate, or rejected outcome, but those
are outcome classifications rather than the starting thesis. Joint evaluation requires one finite
parameter ledger, one shared background, predeclared priors, synthetic parameter-recovery tests,
a calibration–validation split, explicit complexity control, and claim-specific failure conditions.
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Replacement Thesis, Reciprocal Falsification, and Independent
Claims

What is being replaced

The observed third-leg expansion remains part of the model. The replacement target is the
conjunction

S =
{

the measured outward expansion exhausts the resolved directional history,
and a separate primordial inflationary stage is necessary to prepare that history

}
. (1)

Paper II advances the complete outward–inward–outward history as the primary alternative to
this conjunction. The first leg is not renamed inflation. The proposed replacement is the full causal
and geometric history, including both finite reversals and the central conversion into the hot third
leg.

Parallel counterclaims

The replacement program is not one indivisible proposition. It contains parallel counterclaims:

TH : prior-leg history supplies sufficient retained causal preparation, (2)

TK : boundary and transfer dynamics produce acceptable curvature, (3)

TP : central conversion generates acceptable primordial perturbations, (4)

TT : the central transition supplies an acceptable hot thermal state, (5)

TI : observations identify a nontrivial prior history, (6)

T3 : the ordered outward–inward–outward trajectory occurred. (7)

These claims may fit together and jointly support a maximal replacement package, but none is
automatically equivalent to another. In particular,

Fail(TH) ̸⇒ Fail(T3), Fail(TK) ̸⇒ Fail(T3). (8)

Likewise, failure to identify a historical residue does not establish that the hidden history was
physically impossible.
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Reciprocal necessity tests

For each function X ∈ {H,K,P, T}, let

NX
inf : inflation is necessary for function X. (9)

A stable, conserving, frozen Triple Bounce realization that performs X without an independent
inflationary interval is a counterexample:

TX passes =⇒ NX
inf is falsified as a necessity claim. (10)

The converse is forbidden:

TX fails ̸=⇒ NX
inf is proven. (11)

A failed proposed alternative does not establish the unique necessity or historical occurrence of
one competitor.

Verdict vocabulary

Every test must identify both the claim family and the rejection level. Permitted verdicts include
parameter exclusion, mechanism rejection, realization rejection, model-class rejection, failure of
historical identification, observational degeneracy, incompleteness, underdetermination, and—only
when the defining postulates force the conflict—claim-family or architecture-level falsification. The
laws, parameter domain, priors, transfer operators, calibration data, validation data, and numerical
tolerances must be frozen before a decisive verdict. Changing them defines a new model version
rather than rescuing the failed one.

Keywords: inflation; cosmological horizon; flatness problem; conformal time; primordial perturba-
tions; bounce cosmology; cosmic initial conditions; Triple Bounce; incomplete-history hypothesis;
cosmic microwave background.
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1 Introduction

Modern cosmology reconstructs cosmic history by combining general relativity, astronomical distance
measurements, the thermal history of the early universe, the cosmic microwave background, and the
statistical distribution of matter.

Within the standard interpretation, the observed universe developed from an early hot, dense
state. Inflation is placed before the ordinary radiation-dominated hot expansion to account for
several otherwise difficult features:

1. the large-scale causal uniformity of the observable universe;

2. the small measured magnitude of spatial curvature;

3. the dilution of unwanted relics in many high-energy scenarios;

4. the generation of coherent primordial perturbations; and

5. the near scale invariance of the scalar perturbation spectrum.

These achievements make inflation a powerful theoretical framework (Starobinsky, 1980; Guth,
1981; Linde, 1982; Albrecht and Steinhardt, 1982).

Inflation is not, however, a single unique model. It is a broad class of accelerated-expansion
scenarios whose microphysical realization, initial conditions, duration, energy scale, and relation to
a more complete theory remain active areas of research (Liddle and Lyth, 2000; Mukhanov, 2005;
Baumann, 2009).

The Triple Bounce framework introduces a different question.

Suppose the observable hot expanding universe is not the complete cosmic history.

Suppose instead that the state ordinarily treated as the beginning of the observable expansion
is the output of a prior directional sequence:

first outward leg −→ second inward leg −→ third outward leg . (12)

The first and second legs could then contribute causal history, structural memory, and geometric
evolution before the observable third-leg plasma developed, provided that physically defined carriers
propagate correlations and the transitions preserve them.

The inference of a separate inflationary stage might consequently depend, at least in part, on
an incomplete reconstruction of the full history.

This possibility is called the incomplete-history hypothesis.

Hypothesis 1.1 (Incomplete-history hypothesis). Some phenomena attributed to a primordial
inflationary interval may instead arise from causal, geometric, and structural evolution occurring
during the hidden first and second legs of the Triple Bounce history.
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The hypothesis does not state that the observational data supporting inflationary cosmology
are incorrect.

It states that the same third-leg observations may not uniquely identify the earlier physical
history that produced them.

2 Purpose of Paper II

Paper I defined the foundational Triple Bounce architecture.

It separated the global scale factor

a(t) (13)

from the effective physical position of the active Electro sector,

RE(t) = a(t)χE(t). (14)

This distinction permits the second-leg condition

ȧ(t) > 0, ṘE(t) < 0. (15)

The inward second leg is therefore not automatically a contraction of the entire Friedmann–
Lemaître–Robertson–Walker background.

Paper I also proposed that:

• Electro pathways and a distributed dark-matter-associated scaffold co-form during the first
outward leg;

• the scaffold preserves inherited pathway structure after the active Electro front changes
direction;

• the second inward passage adds counter-directed history;

• at the central transition, Electro returns to the post-singularity region or topology, and the
third outward leg begins with candidate magnetic coupling;

• third-leg matter occupies, transforms, and modifies the inherited scaffold; and

• the Gravity Triune operates through binding, scaffolding, and chasing.

Paper II has a narrower purpose.

Assumption 2.1 (Controlling Paper I architecture). Throughout Paper II, Triple Bounce denotes
one complete outward–inward–outward history containing one singular opening. The outer and
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central reversals are internal changes in the effective Electro trajectory, not additional singularities.
Their physical causes remain unresolved. At the central transition, Electro returns to the post-
singularity region or topology before the third outward leg begins.

All proposed links to inflation, causal contact, near-flatness, and primordial perturbations are
candidate resolutions until one continuous background and perturbation history satisfies the full
mathematical and observational test set.

It tests whether this extended history can perform the explanatory work usually assigned to
inflation.

The four principal problems are:

I. Causal contact: Can the first and second legs provide sufficient conformal history to correlate
regions visible in the cosmic microwave background?

II. Near-flatness: Can the pre-singularity starting conditions, singular-opening map, and
three-leg curvature transfer produce or preserve small spatial curvature without imposing an
unexplained third-leg initial value?

III. Perturbation generation: Can the central transition map inherited structure into an
acceptable primordial scalar, tensor, and isocurvature spectrum?

IV. Observational equivalence and distinction: Can the model reproduce inflation’s successful
predictions while also producing at least one calculable difference?

3 Scope and Exclusions

This paper focuses on causal geometry and perturbative initial conditions.

It does not attempt to complete every part of the Triple Bounce model.

The primary scope includes:

• the definition of the full classical conformal history;

• the third-leg-only causal horizon;

• the extension supplied by the first and second legs;

• matching across the outer and central transitions;

• curvature propagation through the three-leg sequence;

• the relation between balanced pre-singularity ordering and near-flatness;

• the central mapping into third-leg perturbations;

• comparison with the functions of inflation; and
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• explicit success and failure conditions.

The following subjects remain outside the main derivation:

• the microscopic identity of Electro;

• a final quantum theory of the pre-singularity state or singular opening;

• the full Gravity Triune field equations;

• galaxy-scale dark-matter phenomenology;

• the detailed baryogenesis mechanism;

• the complete electromagnetic precursor theory;

• the geological origin of the packet hierarchy;

• the full packet reconstruction and numerical interpretation; and

• the complete third-leg expansion fit.

Those subjects belong primarily to Papers III and IV or to later microphysical work.

4 The First Outward Leg Is Not Inflation

A central distinction of this paper is

first outward Electro leg ̸= standard inflation. (16)

Standard inflation is defined by accelerated expansion of the cosmic scale factor.

A common condition is

ä > 0. (17)

Using the Hubble slow-roll parameter,

ϵH = − Ḣ

H2 , (18)

inflation requires

ϵH < 1. (19)

The accumulated inflationary expansion is conventionally expressed through the number of
e-folds,
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N = ln
[
a(tend)
a(tbegin)

]
. (20)

The first Triple Bounce leg is defined instead by the outward motion of the active Electro sector:

Ṙ
(1)
E > 0. (21)

This condition does not imply

ä(1) > 0. (22)

The first leg may involve rapid sector propagation, early geometric evolution, or scaffold
formation without satisfying the standard inflationary conditions.

The incomplete-history hypothesis therefore does not rename the first leg as inflation.

It asks whether the combined consequences of the first leg, second leg, and central transition
can reproduce the functions ordinarily assigned to inflation.

Definition 4.1 (Functional inflation-equivalence). A Triple Bounce background is functionally
inflation-equivalent over a specified observational domain if it reproduces the causal, geometrical,
and perturbative predictions ordinarily obtained from inflation without requiring the first outward
leg itself to satisfy the standard inflationary expansion condition.

Functional equivalence would not imply physical identity. It would also not follow from one
matching background quantity. The complete model must recover the required causal-domain
overlap, curvature evolution, primordial statistics, hot-state handoff, and downstream observables
within one consistent history.

Two different histories may produce similar third-leg observables.

5 What Is an Incomplete-History Effect?

5.1 Observable history versus total history

Let

H3 (23)

denote the reconstructable third-leg history, and let

H123 (24)
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denote the full three-leg history.

The incomplete-history hypothesis states

H3 ⊂ H123. (25)

The distinction is analogous to reconstructing an entire trajectory from only its final segment.

A highly accurate model of the final segment need not uniquely identify the dynamics preceding
it.

5.2 History compression

Third-leg observations constrain an effective boundary state near the central transition:

I3 = {a,H, ρi, pi, δi, θi,R, hij , . . .}t=t+C . (26)

Many prior histories may, in principle, map into similar third-leg boundary data:

{HA,HB,HC , . . .} −→ I3. (27)

This creates a history-compression degeneracy.

Definition 5.1 (History-compression degeneracy). A history-compression degeneracy occurs when
physically distinct pre-third-leg histories generate observationally similar third-leg initial data.

The scientific task is not merely to show that the Triple Bounce history can be made compatible
with I3.

It must identify a residual feature that retains information about the earlier legs.

5.3 Inference under truncated history

Suppose an observer reconstructs the history using only third-leg variables.

The inferred model may require an early process

Finf (28)

to generate causal contact, near-flatness, and coherent perturbations.

The full-history model instead proposes

Ffull = TC ◦ U2 ◦ TO ◦ U1, (29)
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where:

• U1 is first-leg evolution;

• TO is the outer transition;

• U2 is second-leg evolution; and

• TC is the central transition.

The composition symbol records chronological operator ordering; it does not assume that the
four maps commute. The question is whether

O [Ffull] ≈ O [Finf ] (30)

for the established observables, while remaining distinguishable in at least one additional
prediction.

6 Baseline Cosmological Geometry

6.1 Classical FLRW regime

Once a classical homogeneous and isotropic geometry exists, the background line element is written
as

ds2 = −c2dt2 + a2(t)
[

dr2

1 − kr2 + r2dΩ2
]
, (31)

where:

• a(t) is the scale factor;

• k is the normalized spatial-curvature parameter; and

• dΩ2 is the metric on the unit two-sphere.

Wherever factors of c are displayed explicitly, ρi denotes mass-equivalent energy density,
ρi = εi/c

2.

The background Friedmann equation is

H2 = 8πG
3 ρtot − kc2

a2 . (32)

The acceleration equation is
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ä

a
= −4πG

3

(
ρtot + 3ptot

c2

)
. (33)

6.2 First Resolved Post-Singularity Boundary

The pre-singularity state and singular opening are not assumed to possess the classical metric of
equation (31).

Therefore, the resolved classical conformal-time integral does not begin until the first resolved
post-singularity boundary,

t = tres. (34)

The relationship between the unresolved pre-singularity state and the first resolved post-
singularity hypersurface is represented by a candidate singular-opening map,

Tg : Spre −→ {a,H, k, ρi, pi, δi}t=t+res
. (35)

Paper II does not assume that classical time, classical distance, or ordinary causal propagation
extend unchanged through the pre-singularity state or singular opening. No pre-singularity conformal
contribution is counted unless a later theory defines both its causal measure and its matching to the
resolved post-singularity history.

Limitation 6.1. The full-history conformal calculation begins at the first resolved post-singularity
boundary unless a later theory supplies a mathematically defined pre-singularity causal measure
and transition rule.

7 Three-Leg Time Structure

Let the relevant classical intervals be

I1 =
[
tres, t

−
O

]
, (36)

IO =
[
t−O, t

+
O

]
, (37)

I2 =
[
t+O, t

−
C

]
, (38)

IC =
[
t−C , t

+
C

]
, (39)

I3 =
[
t+C , t0

]
, (40)
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where t0 denotes the present cosmic time.

The directional Electro conditions are

Ṙ
(1)
E > 0, (41)

Ṙ
(2)
E < 0, (42)

Ṙ
(3)
E > 0. (43)

The global-expansion hypothesis permits

H(t) > 0 (44)

through all three classical legs.

No exact equality among the leg durations is assumed:

T1 ̸= T2 ̸= T3 (45)

in the general formulation.

Approximate equal-duration models may be studied later as restricted subcases.

8 The Horizon Question

8.1 Third-leg conformal history

Conformal time is defined by

dη = dt
a(t) . (46)

For a signal propagating locally at speed c, the third-leg comoving causal interval before an
event at time t is

χ
(3)
causal(t) =

∫ t

t+C

cdt′
a3(t′) . (47)

If the third leg is treated as the complete history, this interval limits the regions that could
have exchanged ordinary causal signals.
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8.2 Full Resolved Post-Singularity Raw Causal Reach

The Triple Bounce framework permits a larger raw comoving propagation reach across the resolved
post-singularity history:

χ(123)
raw (t, k) =

∑
j

∫
Ij

c
(j)
eff (t′, k)
aj(t′)

dt′, (48)

where the sum includes the first leg, outer transition, second leg, central transition, and the
relevant portion of the third leg. This raw reach is not yet the retained common-cause domain:
correlation can be degraded or converted at either transition.

The effective propagation speed

c
(j)
eff (t) (49)

is not assumed to be identical for every pre-electromagnetic degree of freedom.

After ordinary electromagnetism is established,

c
(3)
eff = c (50)

for electromagnetic signals in vacuum.

Earlier propagation laws require derivation.

8.3 History-extension ratio

Define the raw history-extension ratio

Hraw(t, k) = χ
(123)
raw (t, k)
χ

(3)
causal(t)

. (51)

A hidden prehistory enlarges the available classical causal interval when

Hraw(t, k) > 1. (52)

This inequality shows only that the resolved prehistory adds raw reach. It is neither necessary
for every nontransport common-state mechanism nor sufficient to establish a horizon candidate
resolution.
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8.4 Causal success criterion

Consider two points on the last-scattering hypersurface separated by spatial geodesic distance

dk(χ∗, θ) . (53)

Let the retained backward causal-preparation radius of either point be

χ
(123)
ret (t∗, k) =

∑
j

Ej→3(k)χj(k), (54)

where Ej→3 is an explicitly derived transfer or retention factor rather than an adjustable rescue
parameter. In a symmetric background, causal-domain overlap requires

2χ(123)
ret (t∗, k) ≥ dk(χ∗, θ) (55)

for every scale and angular separation whose common preparation is being claimed. The general
condition is nonempty intersection of the relevant backward causal domains.

A shared origin, an inherited web, added elapsed duration, or a larger raw conformal integral
does not replace this calculation.

Proposition 8.1 (Horizon-test requirement). The incomplete-history hypothesis addresses the
horizon problem only if a physically derived common-cause domain is large enough, survives both
transitions, and enters the third-leg state before the observed correlations are fixed.

9 The Flatness Question

9.1 Curvature density parameter

The curvature density parameter is

Ωk(t) = − kc2

a2(t)H2(t) . (56)

Near-flatness requires

|Ωk(t0)| ≪ 1. (57)

In a single-fluid Friedmann–Lemaître–Robertson–Walker regime with approximately constant
equation of state w,
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|Ωk| ∝ a1+3w (58)

when the relevant fluid dominates.

For ordinary radiation,

|Ωk| ∝ a2, (59)

and for pressureless matter,

|Ωk| ∝ a. (60)

An early accelerated phase with

w < −1
3 (61)

suppresses the relative curvature contribution.

This is one of inflation’s central explanatory successes.

9.2 Triple Bounce curvature-transfer problem

The Triple Bounce candidate resolution must distinguish a provisional cross-boundary prescription
at the singular opening from ordinary classical evolution and from the two later, nonsingular reversal
maps. The complete curvature history is represented schematically by

Spre
Bres−→ Ωk(t+res)

Uk,1−→ Ωk(t−O) Tk,O−→ Ωk(t+O) Uk,2−→ Ωk(t−C) Tk,C−→ Ωk(t+C) Uk,3−→ Ωk(t0). (62)

Here Bres is not a classical curvature flow through the singularity. It is a provisional boundary
prescription that maps pre-singularity ordering data to the earliest resolved post-singularity geometric
data. The operators Tk,O and Tk,C instead describe curvature transfer across the outer and central
reversals, neither of which is a singularity.

The model cannot simply choose

Ω(3)
k ≈ 0 (63)

as an unexplained central-transition boundary condition.

The small third-leg value must arise from:

• the pre-singularity ordering;
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• first-leg evolution;

• outer-transition matching;

• second-leg evolution;

• central-transition matching; or

• a controlled combination of these effects.

9.3 Balanced pre-singularity ordering

Paper I proposed that the pre-singularity state may be dominated by a balanced internal mode.

This does not mean that the pre-singularity state is literally two-dimensional or already described
by zero-curvature Euclidean space.

It means that the dominant ordering may constrain the asymmetry of the earliest resolved
post-singularity geometry. Paper II does not claim that geometry itself originates at that boundary.

Let

ϵasym = ∥δΨ∥
∥Ψ0∥

(64)

measure departures from the dominant balanced mode.

A schematic full-history curvature map is

Ωk(t0) = Kfull [Bres, ϵasym,Uk,1, Tk,O,Uk,2, Tk,C,Uk,3] . (65)

The near-flatness hypothesis requires a non-negligible basin satisfying

|K| < Ωk,max (66)

without extreme adjustment of ϵasym.

Hypothesis 9.1 (Inherited near-flatness). The observed near-flat third-leg geometry may descend
from a singular-opening boundary prescription constrained by balanced pre-singularity ordering,
followed by controlled curvature evolution through the first two legs and regular transfer across both
nonsingular reversals.
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10 The Perturbation Question

10.1 Inflationary benchmark

Inflation provides a mechanism for generating coherent primordial perturbations from quantum
fluctuations (Mukhanov and Chibisov, 1981; Mukhanov, 2005).

A successful alternative must reproduce the observed properties of the scalar perturbation
spectrum, including:

• small amplitude;

• near scale invariance;

• predominantly adiabatic initial conditions;

• near-Gaussian statistics;

• phase coherence;

• small statistical anisotropy; and

• acceptable tensor and isocurvature contributions.

The scalar curvature spectrum is conventionally parameterized as

PR(k) = As

(
k

k∗

)ns−1
[1 + ∆TB(k)] , (67)

where:

• As is the scalar amplitude;

• ns is the scalar spectral index;

• k∗ is the pivot scale; and

• ∆TB(k) is a possible Triple Bounce contribution.

The function ∆TB(k) must be derived rather than selected separately for each feature.

10.2 Central matching map

The first two legs may leave a correlated inherited state immediately before the central transition.
The following state vector is a bookkeeping representation of the information that a concrete model
would have to evolve:

I−
C =

{
W12,P12,M(12)

ij , ρi, pi, fi, gµν
}
t=t−C

. (68)
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A viable central-transition theory must specify a physical transfer from this inherited state into
third-leg perturbation data:

TC : I−
C −→ {Rk, Sij,k, hk, δi, θi,Φ,Ψ}t=t+C . (69)

Here:

• Rk is the curvature perturbation;

• Sij,k denotes relative-entropy or isocurvature perturbations;

• hk denotes tensor modes;

• δi denotes sector density contrasts;

• θi denotes velocity-divergence perturbations; and

• Φ and Ψ are scalar metric potentials.

This operator is an effective stand-in for transition dynamics that must be derived; it is not a
freely adjustable fitting map. Constructing it from a finite, stable central-transition model is one of
the central mathematical burdens of Paper II.

10.3 Inherited web versus primordial randomness

The inherited web introduces structured pre-third-leg information.

A viable model must show how this structure remains compatible with the observed approximate
statistical homogeneity and isotropy.

The third-leg curvature perturbation may be decomposed as

Rk = Rbase
k + Rinherit

k + Rtransition
k . (70)

Here, the baseline term denotes any statistically homogeneous component not assigned to
inherited-web transfer or transition sourcing. This is bookkeeping rather than a claim that three
independent microscopic sources have already been identified.

The inherited and transition contributions must satisfy observational bounds. If they generically
produce excessive preferred direction, phase locking, non-Gaussianity, or isocurvature, the model
fails.
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11 Inflation as an Observationally Successful Benchmark

The Triple Bounce framework should not be tested against an artificially weak version of inflation.

The proper comparison is with inflationary models that reproduce the observed universe using
a consistent perturbation and thermal history.

The benchmark includes:

1. sufficient causal correlation;

2. suppression of the relative curvature contribution;

3. a nearly scale-invariant scalar spectrum;

4. coherent acoustic oscillations;

5. acceptable tensor modes;

6. small non-Gaussianity;

7. acceptable reheating or hot-state transition;

8. successful nucleosynthesis;

9. successful recombination; and

10. agreement with the observed cosmic microwave background and matter spectra.

The Triple Bounce framework gains no evidential advantage merely by noting that inflation
has unresolved microphysics.

It must provide its own complete causal and perturbative account.

Remark 11.1. Inflation may remain a viable physical stage even if the observable third leg has a
longer prehistory. The incomplete-history hypothesis and inflation are not logically exclusive until
the full dynamics are derived.

12 Primary Replacement Thesis and Empirical Outcome Classes

The declared scientific thesis of Paper II is functional replacement: the complete noninflationary
Triple Bounce history is proposed to perform the relevant causal, geometric, perturbative, and
thermal work without a separate primordial inflationary stage. The data and completed dynamics
may nevertheless force narrower outcome classifications. Those classifications do not change the
starting thesis, and none is allowed to merge independent claims.
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12.1 Outcome A: replacement counterexample survives

For a specified function X, a frozen Triple Bounce realization supplies a replacement counterexample
when it performs X without an independent inflationary stage:

FX
TB ≈obs FX

required, FX
inf not independently required. (71)

Its physical history remains distinct from an inflationary realization:

FX
TB ̸=phys FX

inf . (72)

Success falsifies inflationary necessity for that function. It does not automatically establish the
other Triple Bounce counterclaims or prove that inflation could not occur in any conceivable history.

12.2 Outcome B: restricted or forced complement

A completed comparison may show that a derived Triple Bounce contribution survives while an
additional accelerated stage is still required by the tested joint model. This is a forced empirical
outcome rather than the primary thesis. It must specify which function is supplied by each stage
and may not use an unconstrained inflationary interval to conceal a failed transfer law.

Ffull = Fadditional ◦ FTB,pre. (73)

This result would restrict the replacement package while leaving independently successful Triple
Bounce claims standing.

12.3 Outcome C: claim-specific rejection

A horizon, flatness, perturbation, thermal, or identification mechanism may fail within its frozen
admissible domain. The correct verdict is rejection of that named mechanism, realization, model
class, or claim family. Such failure removes the tested noninflationary counterexample for that
function; it does not prove inflation necessary, validate the single-direction history, or reject the
triple directional trajectory unless the relevant dependency has been derived independently.

The paper does not predetermine the empirical outcome, but it does predetermine the logic by
which each outcome is classified.
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13 Core Hypotheses of Paper II

The analysis is organized around six principal hypotheses.

Hypothesis 13.1 (Extended causal history). The first and second legs provide a positive, physically
defined raw causal contribution before third-leg recombination for at least the modes relevant to the
horizon test.

Hypothesis 13.2 (Causal sufficiency). The retained backward causal domains overlap across the
regions and scales whose uniformity is observed in the cosmic microwave background.

Hypothesis 13.3 (Inherited near-flatness). A non-finely-tuned singular-opening map together with
stable three-leg curvature transfer produces a naturally small third-leg curvature parameter.

Hypothesis 13.4 (Central perturbation map). There exists a finite, stable, physically derived
central-transfer law that can convert the inherited two-pass state into an observationally acceptable,
predominantly adiabatic, nearly scale-invariant third-leg perturbation spectrum.

Hypothesis 13.5 (Observational recovery). The resulting third-leg background and perturbations
reproduce the established observational successes of inflationary ΛCDM.

Hypothesis 13.6 (Residual historical signature). At least one observable retains calculable in-
formation about the hidden first and second legs that is not naturally reproduced by unrestricted
third-leg initial conditions.

14 Claims Not Made

Paper II does not claim that:

1. the first outward leg is standard inflation;

2. inflationary calculations are observationally invalid;

3. a shared topological origin, added duration, or raw conformal reach automatically establishes
a horizon candidate resolution;

4. all pre-third-leg sectors propagate at the speed of light;

5. the pre-singularity state is literally a flat two-dimensional surface;

6. near-flatness has already been derived;

7. the hidden legs automatically generate a scale-invariant spectrum;

8. the inherited web may be inserted as an arbitrary perturbation field;

9. the cosmic microwave background is dark energy;
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10. the cosmic microwave background marks the outer boundary of the chasing sector;

11. the full Triple Bounce duration is fixed;

12. the three legs have exactly equal durations;

13. the 46.08-billion-light-year distance is an elapsed time;

14. the 10/3 ratio is an independent prediction;

15. the packet construction replaces the continuous expansion history; or

16. the incomplete-history hypothesis has already replaced inflation.

These restrictions protect the distinction between a research program and a completed result.

15 Scientific Success Conditions

The incomplete-history hypothesis succeeds only if the following conditions are met.

15.1 Defined classical history

The model must specify

{
aj(t), Hj(t), R(j)

E (t), c(j)
eff (t)

}
(74)

over every classical leg and finite transition.

15.2 Regular matching

The metric and stress–energy must satisfy consistent matching conditions at

tO, tC. (75)

15.3 Sufficient causal interval

The retained full-history causal domain must satisfy

2χ(123)
ret (t∗, k) ≥ dk(χ∗, θ) (76)

throughout the observational domain for which common preparation is claimed.
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15.4 Natural curvature suppression

The third-leg curvature must remain small over a finite basin of initial conditions rather than at
one finely selected point.

15.5 Stable perturbations

The transition and third-leg perturbations must avoid:

• ghost instabilities;

• gradient instabilities;

• unbounded anisotropy;

• excessive isocurvature;

• unacceptable tensor power; and

• singular matching behavior.

15.6 Observational recovery

The model must reproduce the measured:

• cosmic microwave background acoustic peak positions;

• relative peak heights;

• polarization spectra;

• damping tail;

• large-scale matter spectrum;

• near-flat geometry; and

• late third-leg expansion.

15.7 Distinctiveness

The model must derive at least one observable for which

OTB ̸= Oinflationary baseline (77)

after both models are fitted fairly.
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16 Primary Claim-Specific Failure Conditions

Paper II fails to support the incomplete-history hypothesis if any of the following conditions is
unavoidable.

1. The first and second legs do not supply a well-defined raw propagation reach or common-state
preparation mechanism.

2. The retained backward causal domains remain insufficient to account for the observed large-
scale uniformity.

3. The hidden legs amplify curvature or anisotropy beyond observational limits.

4. The central transition cannot generate stable perturbations.

5. The inherited web necessarily produces excessive statistical anisotropy.

6. The model cannot reproduce the cosmic microwave background acoustic spectrum.

7. The required transition map violates conservation or covariance.

8. The model requires arbitrary functions for every observable.

9. Every proposed historical signature is exactly degenerate with freely chosen third-leg initial
conditions.

10. The theory provides no predictive advantage over inflationary ΛCDM after accounting for its
additional structure.

17 Notation and Reference Times

Table 1: Principal notation used in Paper II.

Symbol Meaning

tres First resolved post-singularity spacetime boundary following the
pre-singularity state and singular opening.

tO Center of the outer Electro reversal.
tC Center of the central Electro reversal.
t∗ Photon last-scattering time within the third leg.
t0 Present third-leg cosmic time.
aj(t) Global scale factor during leg or transition interval j.
Hj(t) Hubble rate during interval j.
RE(t) Effective physical position of the active Electro sector.
χE(t) Effective comoving Electro coordinate.
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Symbol Meaning

c
(j)
eff Effective causal propagation speed of the relevant degree of freedom

during interval j.
η Conformal time.
χ

(3)
causal Causal comoving interval calculated from the third leg alone.
χ

(123)
raw Raw comoving propagation reach integrated across the resolved

post-singularity three-leg history.
χ

(123)
ret Backward common-cause reach retained through the transitions and

mapped into the third-leg state.
Hraw Raw full-history extension ratio relative to the third-leg-only reach.
Ωk Curvature density parameter.
ϵasym Pre-singularity asymmetry measure.
W12 Inherited first- and second-leg structural field.
TO Outer-transition map.
TC Central-transition map.
Rk Third-leg curvature perturbation in Fourier space.
Sij,k Relative-entropy or isocurvature perturbation.
hk Tensor perturbation.
∆TB(k) Derived Triple Bounce modification to a baseline primordial spectrum.

18 Structure of the Analysis

Paper II proceeds through six connected analytical stages.

I. Inflationary benchmark. The paper identifies the causal, curvature, perturbative, and
thermal functions that any proposed replacement or complement must reproduce.

II. Full-history causal geometry. The first leg, outer transition, second leg, central transition,
and third leg are integrated as one ordered history, while raw propagation reach is kept distinct
from retained common-cause information.

III. Curvature and near-flatness. Resolved boundary curvature is propagated through the first
leg and both nonsingular reversals, and the model is tested against the standard curvature-
transfer result.

IV. Transition and perturbation transfer. Finite-width matching laws connect the inherited
two-pass state to a third-leg primordial covariance and a later radiation-rich thermal state.
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V. Observational recovery and historical signatures. The derived initial state is propagated
through the Einstein–Boltzmann system and compared with cosmic microwave background
observables, large-scale structure, and candidate historical residues.

VI. Joint comparison and falsification. One frozen parameter ledger, shared background,
complexity accounting, and claim-specific failure conditions determine whether the result is a
replacement candidate, complement, partial success, or failure.

This organization is scientific rather than chronological: later sections may revisit the same
physical interval at increasing levels of mathematical and observational specificity.

19 Controlling Distinctions

Four distinctions control every calculation in this paper.

1. The observable third-leg history is not assumed to be the complete cosmic history.

2. The first outward Electro leg is not inflation by definition; inflation is a condition on the metric
expansion.

3. A longer history is not a horizon or flatness candidate resolution without explicit propagation,
retention, and curvature calculations.

4. Observational equivalence does not establish physical identity or historical uniqueness.

Accordingly, Paper II must derive the retained causal domain, propagate curvature through the
complete ordered history, obtain the third-leg primordial covariance from finite transition dynamics,
and test the same model against the relevant observations and alternatives.

20 Standard Inflationary Benchmarks

The incomplete-history hypothesis must be compared with the actual functional achievements of
inflation rather than with a simplified description of rapid expansion.

Inflation is successful because a period of accelerated background expansion can simultaneously
alter causal geometry, suppress the relative contribution of spatial curvature, stretch microscopic
fluctuations to cosmological scales, and prepare coherent perturbations for the later hot expanding
universe.

The benchmark is therefore not merely

a(tend) > a(tbegin). (78)

Ordinary decelerating cosmology also expands.
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The defining background property is accelerated expansion,

ä > 0, (79)

or equivalently,

ρ+ 3p
c2 < 0 (80)

for the dominant effective component in a classical Friedmann–Lemaître–Robertson–Walker
description.

The Hubble slow-roll parameter is

ϵH = − Ḣ

H2 . (81)

Inflation occurs when

ϵH < 1. (82)

A complete alternative must reproduce the principal consequences of this condition even if it
does not reproduce the same physical mechanism.

The Triple Bounce benchmark problem may be summarized as

causal preparation

+ curvature suppression

+ acceptable primordial perturbations

+ controlled hot-state transition

+ observational agreement.

(83)

These functions are developed separately below.

21 Accelerated Expansion and the Comoving Hubble Radius

21.1 Physical Hubble radius

The physical Hubble radius is

RH = c

H
. (84)
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The corresponding comoving Hubble radius is

RH = c

aH
. (85)

The comoving Hubble radius is not generally identical to the particle horizon.

It is nevertheless a central diagnostic because perturbation modes are often classified relative
to the scale

kc

aH
. (86)

A mode is conventionally described as being well inside the Hubble scale when

kc

aH
≫ 1, (87)

and well outside it when

kc

aH
≪ 1. (88)

21.2 Shrinkage during inflation

Differentiating the comoving Hubble radius gives

d
dt

(
c

aH

)
= −c(1 − ϵH)

a
. (89)

Therefore,

ϵH < 1 =⇒ d
dt

(
c

aH

)
< 0. (90)

A shrinking comoving Hubble radius permits modes that begin in a short-wavelength regime to
evolve into a long-wavelength regime.

This behavior is opposite to ordinary radiation- and matter-dominated expansion, during which
the comoving Hubble radius grows.

21.3 Mode exit and re-entry

A perturbation mode with comoving wavenumber k crosses the Hubble scale when

kc = aH. (91)
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During inflation, the decreasing comoving Hubble radius permits mode exit:

kc

aH
: ≫ 1 −→≪ 1. (92)

During the later decelerating hot expansion, the comoving Hubble radius increases and the
same mode may re-enter:

kc

aH
: ≪ 1 −→≫ 1. (93)

This exit–re-entry sequence allows early microscopic fluctuations to influence later cosmological
structure.

21.4 Triple Bounce comparison target

The Triple Bounce framework does not automatically inherit this mechanism from outward Electro
motion.

The condition

ṘE > 0 (94)

does not imply

ϵH < 1. (95)

Paper II must therefore determine whether the full three-leg history provides one of the following:

1. an interval with a shrinking comoving Hubble radius;

2. a different causal mechanism producing equivalent mode preparation;

3. a transition-generated perturbation spectrum that does not require conventional Hubble-scale
exit; or

4. a combined mechanism involving both inherited structure and limited accelerated expansion.

Proposition 21.1 (Hubble-radius benchmark). The first outward Electro leg is functionally equiva-
lent to inflation only if the complete model reproduces the observable consequences of inflationary
mode preparation, whether or not RH = c/(aH) decreases during that leg.
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22 The Inflationary Horizon Benchmark

22.1 The apparent causal problem

In a decelerating hot expansion extrapolated backward without an earlier causal mechanism, widely
separated regions of the last-scattering surface may possess nonoverlapping past light cones.

Their nearly uniform temperature then requires explanation.

The relevant issue is not that every point in the observable universe must communicate at the
time of recombination.

The issue is whether the matter and radiation occupying those regions descended from a
sufficiently small common causal domain.

22.2 Inflationary causal preparation

Inflation permits a region initially contained within one causal domain to expand until it encompasses
scales much larger than the later Hubble radius.

A simplified causal preparation sequence is

initial common patch −→ accelerated expansion −→ super-Hubble correlation −→ later re-entry.
(96)

The observed large-scale uniformity is then inherited from an earlier state in which causal
interaction was possible.

Inflation does not require ordinary signals to travel across the entire post-inflationary last-
scattering surface after the surface has become large.

It enlarges the physical scale corresponding to an initially correlated region.

22.3 Conformal-time representation

In conformal time,

dη = dt
a(t) . (97)

A nearly de Sitter inflationary phase has approximately

a(η) ≈ − 1
Hη

, η < 0, (98)

with η approaching zero from below as inflation proceeds.
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The ability to extend the relevant modes to an earlier sub-Hubble regime depends on the
conformal structure and the duration of inflation.

22.4 Causal benchmark for Triple Bounce

The Triple Bounce framework must demonstrate a corresponding common causal origin.

Its full-history causal domain may be represented as

χTB =
∫ t∗

tres

ceff(t)
a(t) dt, (99)

with piecewise definitions across the first leg, outer transition, second leg, central transition,
and early third leg.

A successful alternative requires

χTB ≥ χrequired. (100)

The phrase shared topological origin is not by itself equivalent to this inequality.

The framework must determine:

• when classical causal propagation begins;

• which degrees of freedom transmit correlation;

• their effective propagation speeds;

• whether, and by what dynamics, the scaffold retains or transports the resulting correlation;

• whether both transitions preserve the correlation; and

• how the correlated state maps into the third-leg plasma.

23 The Inflationary Flatness Benchmark

23.1 Evolution of the curvature fraction

The curvature density parameter is

Ωk = − kc2

a2H2 . (101)

Using the e-fold variable

N = ln a, (102)
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its logarithmic evolution is

d ln |Ωk|
dN = 2 (ϵH − 1) . (103)

During inflation,

ϵH < 1, (104)

so

d ln |Ωk|
dN < 0. (105)

For approximately constant ϵH ,

|Ωk|end ≈ |Ωk|begin exp [−2 (1 − ϵH)N ] . (106)

A sufficiently long accelerated phase can therefore make the curvature fraction extremely small.

23.2 What inflation explains

Inflation does not necessarily force the fundamental spatial-curvature index k to vanish.

It suppresses the relative dynamical contribution

|k|c2

a2H2 . (107)

The observable universe consequently appears close to spatially flat over the measured domain.

23.3 Triple Bounce target

The Triple Bounce framework proposes that near-flatness may be constrained at the first resolved
post-singularity boundary by balanced pre-singularity ordering, then preserved or further suppressed
through the prior legs and both nonsingular reversals.

To match inflation’s achievement, it must derive a transfer relation

Ωk(t0) = KTB [Bres, ϵasym,Uk,1, Tk,O,Uk,2, Tk,C,Uk,3] , (108)

such that

∣∣∣Ω(3)
k

∣∣∣ ≪ 1 (109)
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for a finite and physically plausible region of initial-condition space.

A single specially selected initial state is insufficient.

The model must possess a stable near-flat basin.

Definition 23.1 (Near-flat basin). A near-flat basin is a nonzero region of initial-condition and
transition parameter space whose third-leg solutions satisfy the observational curvature bound
without singular evolution or extreme parameter adjustment.

24 Relic Dilution and Initial Inhomogeneity

24.1 Inflationary dilution

Accelerated expansion dilutes the number density of nonrelativistic relics approximately as

nX ∝ a−3. (110)

If the scale factor grows by N e-folds,

nX,end = nX,begine
−3N (111)

for a conserved nonrelativistic population.

This can suppress unwanted relics such as monopole-like defects in high-energy theories.

Spatial gradients and anisotropies may also be strongly diluted, although their precise evolution
depends on the matter content and background dynamics.

24.2 Triple Bounce alternatives

The Triple Bounce framework does not need to duplicate relic dilution if its pre-third-leg microphysics
does not produce the same unwanted relic population.

It must instead satisfy the more general condition

Ω(3)
X < ΩX,max (112)

for every observationally constrained relic X.

This may occur through:

• absence of the relevant relic-generating transition;

• first-leg dilution;
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• second-leg annihilation;

• central-transition conversion;

• decay before the observable hot state;

• confinement to an unobservable sector; or

• a limited accelerated phase retained within the larger framework.

The exact mechanism must be derived.

24.3 Anisotropy control

A general homogeneous but anisotropic background may contain a shear contribution satisfying
approximately

ρσ ∝ a−6. (113)

During ordinary contraction, this contribution can grow rapidly relative to matter or radiation.

The Triple Bounce second leg is not assumed to be global contraction, which may avoid the
standard contraction-driven shear problem.

However, inward sector motion and multipass structure may generate their own anisotropies.

The framework must demonstrate

ρσ
ρtot

≪ 1 (114)

at the beginning of the observable third leg.

25 Scalar Perturbation Generation

25.1 Quantum origin in inflation

In standard inflationary theory, quantum fluctuations of the inflaton and metric are stretched to
cosmological scales (Mukhanov and Chibisov, 1981; Mukhanov, 2005; Baumann, 2009).

For this subsection, natural units

c = ℏ = 1 (115)

are used.

The quadratic action for the comoving curvature perturbation may be written as
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S
(2)
R = 1

2

∫
dη d3x z2

[(
R′)2 − c2

s (∇R)2
]
, (116)

where:

• a prime denotes a derivative with respect to conformal time;

• cs is the scalar sound speed; and

• z is a background-dependent normalization.

Defining the Mukhanov–Sasaki variable

v = zR, (117)

each Fourier mode satisfies

v′′
k +

(
c2
sk

2 − z′′

z

)
vk = 0. (118)

25.2 Short- and long-wavelength regimes

For

c2
sk

2 ≫ z′′

z
, (119)

the mode behaves approximately as an oscillatory vacuum fluctuation.

For

c2
sk

2 ≪ z′′

z
, (120)

the curvature perturbation develops a nearly conserved mode under adiabatic conditions.

Inflation therefore converts microscopic quantum fluctuations into classical stochastic perturba-
tions that seed later structure.

25.3 Scalar power spectrum

The dimensionless curvature spectrum is defined by

⟨RkR∗
k′⟩ = 2π2

k3 PR(k)δD
(
k − k′) . (121)

For a broad class of slowly varying single-field models,
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PR(k) ≈ H2
∗

8π2M2
PlϵH∗cs∗

, (122)

evaluated near sound-horizon crossing.

The spectrum is commonly parameterized as

PR(k) = As

(
k

k∗

)ns−1+ 1
2αs ln(k/k∗)+···

. (123)

Here:

• As is the amplitude;

• ns is the scalar spectral index; and

• αs is its running.

25.4 Slow-variation tilt

Define

ηH = ϵ̇H
HϵH

, (124)

and

s = ċs
Hcs

. (125)

To leading order in slow variation,

ns − 1 ≈ −2ϵH − ηH − s. (126)

The near scale invariance of the observed spectrum corresponds to a tilt close to, but not
exactly equal to, zero.

25.5 Triple Bounce scalar target

The Triple Bounce framework must derive

PTB
R (k) (127)

from the first-leg state, second-leg evolution, and central transition.

53



It must not insert the observed spectrum directly as third-leg initial data.

The central transition must determine or constrain:

{As, ns, αs,phase, statistics}TB . (128)

26 Tensor, Vector, and Isocurvature Benchmarks

26.1 Tensor modes

Inflation also generates tensor perturbations.

For canonical slow-roll inflation, the tensor spectrum is approximately

PT (k) ≈ 2H2
∗

π2M2
Pl
. (129)

The tensor-to-scalar ratio is

r = PT
PR

. (130)

For canonical single-field slow-roll inflation,

r ≈ 16ϵH , (131)

while more general sound-speed models may yield

r ≈ 16ϵHcs. (132)

The Triple Bounce transitions may generate tensor modes through time-dependent geometry,
anisotropic stress, or multipass dynamics.

Their amplitude must remain compatible with observational bounds (Planck Collaboration,
2020b; BICEP/Keck Collaboration, 2021).

26.2 Vector modes

Vector perturbations usually decay in simple inflationary and post-inflationary settings unless
sustained by a source.

The inherited-web and dynamo-junction hypotheses may introduce vector structure.

A viable model must show that any primordial vector contribution is:
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• sufficiently small;

• statistically compatible with isotropy;

• stable across the central transition; and

• consistent with cosmic microwave background polarization and large-scale structure.

26.3 Isocurvature modes

Multiple dynamical sectors can generate isocurvature perturbations.

For components i and j,

Sij = 3 (ζi − ζj) , (133)

where ζi is the curvature perturbation on hypersurfaces of uniform density for component i.

Single-clock inflation tends to produce predominantly adiabatic perturbations.

The Triple Bounce framework contains several effective sectors and may therefore generate
nonzero isocurvature.

The central matching map must either suppress these modes or predict an observationally
acceptable fraction (Planck Collaboration, 2020b).

27 Gaussianity, Statistical Isotropy, and Phase Coherence

27.1 Approximate Gaussianity

The simplest inflationary fluctuations are approximately Gaussian because they arise from weakly
interacting linear quantum modes.

The leading non-Gaussian correction is often characterized through a bispectrum,

⟨Rk1Rk2Rk3⟩ = (2π)3δD (k1 + k2 + k3)BR (k1, k2, k3) . (134)

A local-form parameterization may be written schematically as

R = Rg + 3
5f

local
NL

(
R2
g −

〈
R2
g

〉)
, (135)

where Rg is Gaussian.

The Triple Bounce central transition may be strongly nonequilibrium and could generate
significant non-Gaussianity.

That contribution must be derived and constrained.
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27.2 Statistical isotropy

For statistically homogeneous and isotropic scalar perturbations,

⟨RkR∗
k′⟩ ∝ δD

(
k − k′)PR(k), (136)

with dependence only on the magnitude k.

An inherited web may introduce directional information.

The model must ensure that the largest-scale statistical anisotropy is small:

PR(k) = P(0)
R (k)

[
1 + g∗

(
k̂ · n̂

)2
+ · · ·

]
, (137)

with

|g∗| ≪ 1 (138)

over observationally constrained scales.

27.3 Phase coherence

The acoustic peaks of the cosmic microwave background require coherent phases in the primordial
perturbations (Hu and Dodelson, 2002; Planck Collaboration, 2020a).

Modes of the same wavenumber must begin the photon–baryon oscillation with correlated
temporal phases.

A generic acoustic solution may be written as

δγ(k, η) = Ak cos [krs(η)] +Bk sin [krs(η)] . (139)

Inflationary adiabatic perturbations produce a highly coherent relation among Ak and Bk.

A purely stochastic active source operating continuously after horizon entry generally risks
washing out the acoustic peak structure.

The Triple Bounce model must therefore show that its inherited and transition-generated
perturbations become effectively passive and phase coherent before the observable acoustic evolution.

Proposition 27.1 (Acoustic-coherence benchmark). Any Triple Bounce perturbation mechanism
that destroys the observed coherent acoustic phase structure fails even if it reproduces the overall
scalar power amplitude.
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28 Duration and the E-Fold Benchmark

28.1 Inflationary e-folds

The duration of inflation is commonly measured by the number of e-folds,

N(ta, tb) =
∫ tb

ta
H(t)dt = ln

[
a(tb)
a(ta)

]
. (140)

The number required for observable scales depends on:

• the inflationary energy scale;

• the evolution of H;

• the reheating equation of state;

• the reheating temperature;

• the post-inflationary thermal history; and

• the comoving scale being considered.

Values of order several tens of e-folds are commonly required, with a frequently discussed
observational range near approximately fifty to sixty for many standard histories.

This is not a universal fixed number.

28.2 Triple Bounce replacement quantity

The Triple Bounce framework need not possess the same inflationary e-fold count.

It must instead produce sufficient causal and geometrical preparation.

Define an effective preparation functional

PTB = P
[
∆η123,Ω(3)

k ,P(3)
R ,R13, TC

]
. (141)

Functional equivalence requires

PTB ≥ Prequired. (142)

The model must not replace a defined inflationary e-fold requirement with an undefined
statement that the prior history was simply “long enough.”
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29 The Hot-State Handoff and Reheating Benchmark

29.1 Inflationary reheating

Inflation must end and transfer energy into the particles and radiation of the hot expanding universe.

This transition is broadly called reheating.

A schematic sequence is

inflationary energy −→ particle production −→ thermalization
−→ radiation-dominated expansion.

(143)

The effective background during reheating may be parameterized by an average equation of
state

w̄reh = p̄reh
ρ̄rehc2 . (144)

The energy density evolves approximately as

ρreh ∝ a−3(1+w̄reh). (145)

The details of reheating affect the mapping between observed scales and their inflationary time
of origin.

29.2 Triple Bounce central handoff

The Triple Bounce history must eventually provide the functional handoff that inflationary cosmology
assigns to reheating, though not necessarily through the same microphysics. Paper II does not
assume that stable ordinary matter or a complete thermal bath exists at the instant of the central
reversal.

A candidate handoff begins from

I−
C =

{
ρE , ρexc, ρr,W12,M(12)

ij , gµν , . . .
}

(146)

and must evolve into a viable early-third-leg hot state,

I+
C = {ρrad, ρsc, ρch, fi,R,Φ,Ψ, . . .} . (147)

Here, ρexc denotes optional particle-like or pair-producing excitations; it is not a required
pair-rich phase. The output notation summarizes an effective early-third-leg state from which
standard thermal evolution and later matter organization must be recoverable.
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The handoff must satisfy:

• energy and momentum conservation;

• finite temperature and density;

• acceptable particle abundances;

• sufficient thermalization;

• a predominantly radiation-rich early third leg;

• acceptable entropy production;

• stable perturbation transfer; and

• compatibility with nucleosynthesis.

29.3 Minimum thermal condition

The resulting hot state must reach a temperature sufficient for the standard thermal processes
required before nucleosynthesis.

Denote the effective post-transition temperature by

T+
C . (148)

A viable model requires

T+
C > Tmin, (149)

where Tmin is set by the particle and nuclear processes that must occur in the later thermal
history.

Paper II does not determine the precise temperature.

It establishes the handoff as a required benchmark.

30 Inflationary Model Diversity

Inflation is not one unique potential or one unique field theory.

Representative classes include:

• single-field slow-roll inflation;

• plateau models;
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• large-field models;

• small-field models;

• multifield inflation;

• noncanonical sound-speed models;

• modified-gravity inflation;

• warm inflation;

• hybrid inflation; and

• models with nontrivial reheating or spectator sectors.

These models may differ in:

{ns, r, αs, fNL, Sij , Treh, N∗} . (150)

The Triple Bounce framework should therefore be compared against:

1. the general functional achievements shared by viable inflationary models; and

2. specific benchmark models when numerical predictions are calculated.

It would be misleading to disprove one inflationary potential and claim that inflation as a broad
framework had been excluded.

Likewise, matching one inflationary prediction would not establish the Triple Bounce model as
uniquely correct.

31 Inflationary Initial-Condition Questions

Inflation addresses several initial-condition problems, but it does not eliminate every question about
initial conditions.

A complete inflationary model may still require explanation of:

• why an inflation-supporting region exists;

• why the relevant field begins in a suitable part of its potential;

• the measure assigned to possible initial states;

• the origin of the inflaton or equivalent degree of freedom;

• the transition from a more fundamental theory;

• the global past boundary; and
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• the relationship between inflation and quantum gravity.

These open questions do not negate inflation’s observational successes.

They establish that inflation may itself be part of a longer history.

This creates a possible complementarity with the Triple Bounce framework.

A hidden first and second leg could, in principle, prepare an inflationary third-leg boundary
state.

The possible sequence would be

Triple Bounce prehistory −→ inflation-compatible boundary state −→ hot third-leg expansion.
(151)

This is the complement outcome defined in section 12.2.

Paper II therefore evaluates both:

Triple Bounce instead of inflation (152)

and

Triple Bounce before or around inflation. (153)

32 Exact Functional Targets for Triple Bounce

The inflationary benchmark can be summarized as a target vector,

Binf = (Chor,Fk,PR,PT , Iiso,NG,Aphase,Hhot,Drelic) , (154)

where:

• Chor measures causal sufficiency;

• Fk measures curvature suppression;

• PR is the scalar perturbation spectrum;

• PT is the tensor spectrum;

• Iiso measures isocurvature content;

• NG measures non-Gaussianity;

• Aphase measures acoustic phase coherence;
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• Hhot characterizes the hot-state handoff; and

• Drelic characterizes relic control.

The Triple Bounce model produces its own vector,

BTB = B [Spre,U1, TO,U2, TC,U3] . (155)

Functional recovery requires

BTB ∈ Vobs, (156)

where Vobs is the observationally acceptable region.

Functional replacement requires the stronger condition

BTB ∈ Vobs (157)

without an independently required inflationary stage.

Functional distinction additionally requires at least one derived observable

Ores (158)

satisfying

OTB
res ̸= Oinflation

res (159)

at a measurable level.
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33 Benchmark Matrix

Table 2: Inflationary functions and Triple Bounce requirements.

Problem Inflationary benchmark Triple Bounce requirement

Horizon An initially causal region expands
to encompass observable scales.

The full first–second–third-leg
causal history must provide
sufficient common causal
preparation.

Flatness A shrinking comoving Hubble
radius exponentially suppresses
|Ωk|.

Balanced initial ordering and
transition dynamics must yield a
stable near-flat third-leg basin.

Scalar spectrum Quantum fluctuations generate a
nearly scale-invariant,
predominantly adiabatic
spectrum.

The inherited state and central
matching map must derive an
acceptable PR(k).

Tensor modes Background quantum fluctuations
generate a model-dependent
tensor spectrum.

The complete two-reversal history
must yield tensor power within
observational limits.

Isocurvature Single-clock models naturally
suppress relative-entropy modes.

The multisector Triple Bounce
state must suppress or constrain
isocurvature.

Gaussianity Weakly interacting fluctuations
are approximately Gaussian.

Central nonequilibrium must not
generate excessive non-Gaussianity.

Phase coherence Passive primordial perturbations
generate coherent acoustic peaks.

Inherited and transition-generated
perturbations must become
coherent before acoustic evolution.

Relics Accelerated expansion
exponentially dilutes unwanted
relics.

The framework must prevent,
remove, decay, annihilate, or dilute
any unacceptable relic population.

Hot-state handoff Reheating transfers inflationary
energy into a thermal particle
bath.

The early third leg must reach a
viable radiation-rich state through
a derived handoff history.

Distinctiveness Specific inflationary models
predict relations among ns, r,
and non-Gaussianity.

Triple Bounce must derive at least
one nondegenerate historical
signature.
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34 Benchmark Comparison and Claim-Specific Failure Conditions

The following results reject the corresponding Triple Bounce benchmark counterclaim or frozen
realization. They do not automatically reject the triple directional history, and failure of a
counterclaim does not prove that inflation is uniquely necessary:

1. an insufficient full-history causal interval;

2. a third-leg curvature fraction requiring extreme fine tuning;

3. a scalar spectrum with unacceptable amplitude or tilt;

4. loss of acoustic phase coherence;

5. excessive tensor power;

6. excessive vector or isocurvature modes;

7. large primordial statistical anisotropy;

8. non-Gaussianity beyond acceptable limits;

9. a singular or unstable central handoff;

10. a post-transition temperature incompatible with the hot thermal history;

11. unacceptable relic abundance;

12. failure to reproduce the cosmic microwave background acoustic spectrum; or

13. no distinctive output beyond freely selected initial conditions.

A longer history does not rescue a failed frozen mechanism. The failed mechanism remains
rejected, while neighboring claim families retain their independent status.

35 Formal Summary of the Inflationary Benchmark

Inflation is characterized at the background level by

ä > 0 ⇐⇒ ϵH < 1 (160)

and therefore

d
dt

(
c

aH

)
< 0. (161)

Its curvature effect is
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d ln |Ωk|
dN = 2 (ϵH − 1) < 0. (162)

Its perturbative benchmark is

small + nearly scale invariant + adiabatic + nearly Gaussian + phase coherent. (163)

Its hot-state requirement is

early driving sector −→ thermal radiation and particles. (164)

The Triple Bounce framework is not required to reproduce the same microphysical steps.

It is required to reproduce the successful observable outputs.

The exact comparative question is

BTB
?
∈ Vobs (165)

without hiding the required behavior inside arbitrary third-leg initial conditions.

36 Full-History Conformal Geometry

The horizon question is fundamentally a question about causal geometry.

A longer narrative does not automatically produce a larger causal domain.

The first and second legs contribute to the horizon calculation only if the relevant physical
degrees of freedom can propagate, interact, or preserve correlations across a mathematically defined
classical background.

Paper II therefore separates three concepts:

1. Elapsed duration, which measures the proper cosmic time assigned to an interval;

2. sector trajectory length, which measures the path followed by a particular dynamical
sector; and

3. causal comoving reach, which measures how far physically relevant information can
propagate through the expanding geometry.

These quantities need not be equal.
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For example, a long first leg may contribute little causal distance if the scale factor grows too
rapidly.

Conversely, a relatively short interval may contribute substantial comoving causal reach if the
scale factor is small or if the relevant propagation speed is large.

The complete horizon test must therefore calculate

χ(123)
raw =

∑
j

χj , (166)

where each term is derived from the geometry and propagation law of one leg or transition
interval.

Proposition 36.1 (Causal contribution criterion). A pre-third-leg interval contributes to the
observable causal history only if a physically defined carrier of correlation propagates through that
interval or if a previously established correlation is preserved through it by a specified dynamical
memory mechanism.

37 Radial Propagation in a Classical FLRW Regime

37.1 Conformal radial coordinate

For a spatially homogeneous and isotropic background, the line element may be written as

ds2 = a2(η)
[
−c2dη2 + dΣ2

k

]
, (167)

where

dη = dt
a(t) (168)

and dΣ2
k is the metric of the constant-curvature spatial hypersurface.

For radial propagation, one may use a comoving geodesic coordinate χ such that

ds2 = a2(η)
[
−c2dη2 + dχ2

]
(169)

along a radial path.

For an ordinary radial null signal,

ds2 = 0 (170)
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implies

dχ
dη = ±c. (171)

Equivalently,

dχ
dt = ± c

a(t) . (172)

The comoving distance traveled between ta and tb is therefore

∆χγ(ta, tb) =
∫ tb

ta

c dt
a(t) . (173)

37.2 Physical distance

The corresponding physical separation at time t is

Dphys(t) = a(t)∆χ. (174)

The comoving distance and physical distance therefore answer different questions.

The horizon calculation is most naturally expressed in comoving coordinates because the present
separation of distant regions may be compared with the accumulated comoving reach of their past
causal domains.

38 Effective Pre-Electromagnetic Propagation

38.1 Generalized characteristic speed

Ordinary electromagnetic signals propagate locally at speed c in vacuum during the established
third-leg regime.

The earlier legs may involve degrees of freedom whose characteristic propagation law has not
yet been derived.

Paper II therefore introduces

c
(j)
eff = c

(j)
eff (t, k,Sj) , (175)

where:

• j identifies the leg or transition interval;

67



• t is cosmic time;

• k is comoving wavenumber when the propagation is dispersive; and

• Sj represents the local background state.

The effective comoving propagation law is

dχsig
dt = ±c

(j)
eff (t, k)
aj(t)

. (176)

The causal contribution of interval j is then

χj(k) =
∫

Ij

c
(j)
eff (t, k)
aj(t)

dt. (177)

38.2 No universal speed assumption

The framework does not assume

c
(1)
eff = c

(2)
eff = c

(3)
eff = c. (178)

Such an equality may emerge from a later theory, but it is not inserted here.

A physically acceptable completion must nevertheless satisfy:

1. a well-defined characteristic cone;

2. stable propagation;

3. no uncontrolled acausal behavior;

4. compatibility with the effective background geometry;

5. a consistent low-energy limit; and

6. recovery of ordinary relativistic propagation during the third leg.

38.3 Frequency-dependent propagation

If the early medium is dispersive, the relevant speed may depend on wavenumber.

The full causal reach then becomes

χcausal(k) =
∑
j

∫
Ij

c
(j)
eff (t, k)
aj(t)

dt. (179)
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This scale dependence could leave observable signatures.

It could also prevent one early causal process from preparing all cosmological scales equally.

The model must therefore determine whether the relevant long-wavelength modes experience a
common effective causal history.

39 Piecewise Decomposition of the Full Raw Causal Reach

The complete raw comoving propagation reach from the first resolved post-singularity boundary to
a third-leg event at time t is

χ(123)
raw (t, k) = χ1(k) + χO(k) + χ2(k) + χC(k) + χ3(t, k), (180)

where

χ1(k) =
∫ t−O

tres

c
(1)
eff (t, k)
a1(t) dt, (181)

χO(k) =
∫ t+O

t−O

c
(O)
eff (t, k)
aO(t) dt, (182)

χ2(k) =
∫ t−C

t+O

c
(2)
eff (t, k)
a2(t) dt, (183)

χC(k) =
∫ t+C

t−C

c
(C)
eff (t, k)
aC(t) dt, (184)

χ3(t, k) =
∫ t

t+C

c
(3)
eff (t′, k)
a3(t′) dt′. (185)

For ordinary photons after electromagnetic emergence,

c
(3)
eff = c. (186)

At last scattering,

χ(123)
raw (t∗) = χ1 + χO + χ2 + χC + χ3(t∗). (187)

The third-leg-only comparison quantity is

χ
(3)
causal(t∗) = χ3(t∗). (188)
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40 Contribution Fractions and History Extension

40.1 Interval fractions

Define the fractional contribution of interval j by

fj(k) = χj(k)
χ

(123)
raw (t∗, k)

. (189)

The fractions satisfy

f1 + fO + f2 + fC + f3 = 1. (190)

This decomposition reveals which part of the history performs the causal work.

A model in which

f1 + fO + f2 + fC ≪ 1 (191)

does not gain substantial horizon explanatory power from its hidden history.

40.2 History-extension ratio

The raw history-extension ratio is

Hraw(k) = χ
(123)
raw (t∗, k)
χ3(t∗, k) . (192)

Using the piecewise decomposition,

Hraw(k) = 1 + χ1 + χO + χ2 + χC
χ3(t∗) . (193)

A meaningful extension requires

Hraw > 1. (194)

A horizon candidate resolution requires the stronger condition

Hret ≥ Hrequired, (195)

where the required ratio depends on the baseline third-leg geometry and the separation of the
regions being compared.
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40.3 Causal gain

Define the absolute causal gain as

∆χpre = χ1 + χO + χ2 + χC. (196)

The hidden history is causally significant when

∆χpre ∼ χrequired (197)

or larger.

The raw ratio Hraw, the retained ratio Hret, and the absolute gain ∆χpre must both be reported
because a large ratio can be misleading when the denominator is very small.

41 Conformal Matching Across Finite Transitions

41.1 Finite-width transitions

The preferred foundational treatment assigns finite widths to both reversals.

Let

∆tO = t+O − t−O, (198)

∆tC = t+C − t−C . (199)

The conformal durations are

∆ηO =
∫ t+O

t−O

dt
aO(t) , (200)

∆ηC =
∫ t+C

t−C

dt
aC(t) . (201)

Finite transitions contribute finite causal distance when

0 <
∫
ceff(t)
a(t) dt < ∞. (202)
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41.2 Metric continuity

For a smooth classical transition, the scale factor should satisfy

a(t−j ) = a(t+j ). (203)

The Hubble rate should also remain finite:

|H(tj)| < ∞. (204)

The foundational continuously expanding version additionally requires

H(tj) > 0. (205)

A continuous scale factor ensures that the conformal coordinate does not jump discontinuously
because of an arbitrary normalization change.

41.3 Signal matching

A signal or correlation carrier crossing a transition may undergo a change in propagation law.

Its incoming and outgoing perturbation variables are related through a transition matrix,

X+
j = Mj(k)X−

j , (206)

where Xj may contain:

Xj = (δψ,Πψ,R,Φ,Ψ, δρi, θi)T . (207)

A causal interval preceding the transition remains observationally relevant only if the transition
does not erase the correlation.

This introduces a transfer-efficiency factor

0 ≤ Ej(k) ≤ 1. (208)

The effective retained contribution is then

χret
j (k) = Ej(k)χj(k). (209)

The full retained causal history may therefore be smaller than the raw integrated causal distance.
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42 First-Leg Causal Contribution

The first outward leg begins at the first resolved post-singularity boundary,

tres ≤ t ≤ t−O. (210)

Its causal contribution is

χ1(k) =
∫ t−O

tres

c
(1)
eff (t, k)
a1(t) dt. (211)

The magnitude of χ1 depends on three independent properties:

1. the duration of the first leg;

2. the scale-factor history a1(t); and

3. the characteristic propagation speed c
(1)
eff .

A large physical Electro excursion does not by itself guarantee a large value of χ1.

The first leg contributes substantially when the ratio

c
(1)
eff
a1

(212)

remains large over a sufficient interval.

42.1 First-leg correlation production

The first leg may prepare large-scale correlation through:

• direct signal propagation;

• common interaction with the released Electro field;

• coherent scaffold formation;

• a shared boundary-state mode; or

• a combination of these processes.

The resulting two-point correlation may be written as

C1 (x,y) = ⟨δX1(x)δX1(y)⟩ . (213)

The first-leg causal mechanism must explain why this correlation remains significant for
separations later visible across the third-leg last-scattering surface.
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43 Second-Leg Causal Contribution

The second leg occurs during

t+O ≤ t ≤ t−C . (214)

Its causal contribution is

χ2(k) =
∫ t−C

t+O

c
(2)
eff (t, k)
a2(t) dt. (215)

The active Electro trajectory satisfies

Ṙ
(2)
E < 0, (216)

while the background may satisfy

H2 > 0. (217)

The sign of ṘE does not change the sign of elapsed conformal time.

The second leg adds positive causal duration whenever

c
(2)
eff > 0 (218)

and the interval is nonzero.

43.1 Return and repeated contact

The inward trajectory may allow Electro to revisit regions traversed during the first leg.

This creates the possibility of repeated interaction.

Let

D12 = D1 ∩ D2 (219)

represent the spatial domain traversed during both passes.

A repeated-contact measure may be defined as

C12 = Vol (D12)
Vol (D1 ∪ D2) . (220)
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This quantity measures pathway overlap.

It does not directly measure causal reach.

Repeated traversal may strengthen correlations within an already connected domain, but it
cannot replace the requirement that the domain was causally prepared.

43.2 Second-leg memory preservation

A first-leg correlation transported through the second leg may decay.

Let

C12(k) = E12(k)C1(k), (221)

where

0 ≤ E12(k) ≤ 1. (222)

A strong inherited-history model requires

E12(k) ≈ 1 (223)

on the large scales relevant to the horizon problem.

44 Electro Trajectory Length Is Not the Causal Horizon

The effective comoving Electro coordinate is

χE(t) = RE(t)
a(t) . (224)

Its comoving trajectory length during leg j is

L
(j)
E =

∫
Ij

|χ̇E(t)| dt. (225)

The physical trajectory length is

L
(j)
E,phys =

∫
Ij

∣∣∣ṘE(t)
∣∣∣ dt. (226)

Neither quantity is automatically equal to
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χj =
∫

Ij

c
(j)
eff
aj

dt. (227)

Equality occurs only under a defined propagation relation.

For example, if Electro itself carries the relevant correlation and

cE(t) = a(t) |χ̇E(t)| , (228)

then

∫
cE(t)
a(t) dt =

∫
|χ̇E(t)| dt = LE . (229)

This equality must be derived from the Electro field equations.

It is not assumed merely from the geometric picture of an outward and inward path.

Limitation 44.1. The radial extent or retraced length of the Electro path cannot be used as
the cosmological particle horizon unless Electro is shown to be a physical carrier of the relevant
correlations with a defined characteristic propagation law.

45 Analytical Toy Backgrounds

Toy backgrounds do not establish the physical Triple Bounce solution.

They clarify which combinations of duration, expansion, and propagation speed enlarge the
causal interval.

45.1 Constant scale factor

If

a(t) = a0 (230)

and

ceff = cX , (231)

then

∆χ = cX
a0

∆t. (232)
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The comoving causal reach grows linearly with duration.

45.2 Power-law expansion

Let

a(t) = ar

(
t

tr

)p
, (233)

where p is constant and t > 0.

For constant ceff = cX and p ̸= 1,

∆χ = cXt
p
r

ar(1 − p)
[
t1−p
b − t1−p

a

]
. (234)

For

p = 1, (235)

the result is

∆χ = cXtr
ar

ln
(
tb
ta

)
. (236)

For decelerating expansion with

0 < p < 1, (237)

the accumulated comoving causal distance grows as a positive power of time.

45.3 Exponential expansion

Let

a(t) = ai exp [HX(t− ti)] , (238)

with constant HX > 0.

Then

∆χ = cX
aiHX

[1 − exp (−HX∆t)] . (239)

As ∆t becomes large,
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∆χ −→ cX
aiHX

. (240)

This illustrates why elapsed duration alone does not determine causal reach.

Rapid expansion may cause the future-directed comoving distance accumulated during a finite
starting epoch to approach a limiting value.

Inflation nevertheless prepares large observable correlations because the physical scale associated
with an initially causal region is stretched dramatically.

45.4 Piecewise power laws

A basic Triple Bounce toy background may assign

aj(t) = Aj

(
t− tj,0
τj

)pj

(241)

within each classical interval.

The total causal distance is then

χtoy =
∑
j

cjτ
pj

j

Aj(1 − pj)
[
u

1−pj

j,b − u
1−pj

j,a

]
, (242)

where

uj = t− tj,0, (243)

for pj ̸= 1.

The constants must be chosen so that a(t) remains continuous across the transitions.

46 Expansion-Normalization Invariance

The numerical value of a comoving coordinate depends on the normalization of the scale factor.

If

a(t) −→ λa(t), (244)

then comoving coordinates transform as

χ −→ χ

λ
(245)

78



so that physical distance remains unchanged:

aχ −→ λa
χ

λ
= aχ. (246)

Therefore, causal comparisons must use a common scale-factor normalization.

A convenient convention is

a(t0) = 1. (247)

All first-, second-, and third-leg scale factors must then be connected to that same normalization
through the transition matching.

One may not normalize each leg independently and add the resulting comoving distances
without applying the appropriate conversion factors.

Proposition 46.1 (Common-normalization requirement). Every interval entering the full-history
conformal sum must be expressed using one globally consistent normalization of the scale factor.

47 Common-Cause Domains

47.1 Two-point overlap condition

Consider two comoving points A and B on the last-scattering hypersurface separated by comoving
geodesic distance

∆χAB. (248)

Let the backward causal reach of each point to an earlier preparation hypersurface be

χback(tprep, t∗). (249)

In a symmetric flat-background approximation, their backward causal domains overlap when

2χback ≥ ∆χAB. (250)

More generally, the condition is that the intersection

J−(A) ∩ J−(B) (251)

contains a physically connected preparation region before the correlations are fixed.
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47.2 Whole-surface preparation

To explain large-angle cosmic microwave background uniformity, the condition must hold for the
largest relevant separations on the last-scattering surface.

Define

∆χmax = max {∆χAB} (252)

over the observational domain requiring common preparation.

A sufficient symmetric condition is

2χ(123)
ret (t∗) ≥ ∆χmax. (253)

The precise calculation must account for:

• spatial curvature;

• the last-scattering geometry;

• the observer’s past light cone;

• the selected preparation hypersurface;

• transition transfer efficiencies; and

• the characteristic cone of the relevant early degree of freedom.

47.3 Common cause without repeated late communication

Once a common preparation process establishes correlated initial data, the separated regions do not
need to remain in continuous causal contact throughout the entire third leg.

The causal sequence may be

early connected preparation −→ separation
−→ preserved correlation −→ last-scattering observation.

(254)

The scientific burden therefore contains two parts:

1. establish the early causal preparation; and

2. demonstrate preservation of the prepared state.
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48 Raw Causal Reach Versus Retained Causal Information

The raw integrated causal distance is

χraw =
∑
j

χj . (255)

The retained causal information must also include transition and retention efficiencies. The
word memory is used only for a specified coarse-grained variable that demonstrably persists; it does
not imply exact storage of a microscopic state.

Define the cumulative transfer factor from interval j to the third-leg hot state as

Ej→3(k) =
∏

m∈Pj→3

Em(k), (256)

where Pj→3 is the ordered set of transitions, propagation intervals, and any explicitly modeled
retention stages between interval j and the third leg.

The retained causal contribution is

χret
j (k) = Ej→3(k)χj(k). (257)

The effective retained causal history is

χ
(123)
ret (k) =

∑
j

χret
j (k). (258)

A strong horizon candidate resolution requires both

χraw ≥ χrequired (259)

and

χ
(123)
ret ≥ χeff

required. (260)

The second inequality prevents the model from counting correlations that are later erased.
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49 Causal-Diagram Requirements

A complete analysis should include a conformal causal diagram.

The diagram must distinguish:

• the first resolved post-singularity spacetime boundary;

• the first outward leg;

• the outer transition;

• the second inward Electro leg;

• the central transition;

• the third-leg hot state;

• the last-scattering hypersurface;

• the present observer;

• ordinary photon null paths;

• the effective early characteristic cones; and

• the inherited scaffold trajectory.

The diagram must not depict the inward Electro path as a contraction of the entire spacetime
unless the background solution actually contracts.

The global conformal geometry is determined by

a(t), H(t), k, (261)

while the Electro history is represented by

χE(t). (262)

These should appear as separate objects.

A complete causal-diagram presentation should contain at least two panels:

1. a global conformal diagram showing causal cones and transition hypersurfaces; and

2. a sector-trajectory diagram showing the outward–inward–outward Electro path inside the
expanding background.

Combining both into one unlabeled diagram could falsely imply that the metric itself follows
the Electro reversal.
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50 Horizon-Ready Background Parameterization

The later horizon calculation requires a finite parameterization of the background.

A minimum parameter set is

θhor =
{
tres, t

±
O, t

±
C , aj(t), Hj(t), c(j)

eff (t, k), Ej(k)
}
. (263)

The following quantities must be computed from this set:

χ1(k), χO(k), χ2(k), χC(k), χ3(t∗, k), (264)

together with

χ(123)
raw (k), χ

(123)
ret (k), Hraw(k), Hret(k), fj(k). (265)

The observational geometry supplies

∆χmax, (266)

or its curved-space generalization.

The primary horizon statistic may then be defined as

Qhor(k) = 2χ(123)
ret (t∗, k)
∆χmax

. (267)

The causal criterion is

Qhor ≥ 1. (268)

A value

Qhor < 1 (269)

indicates insufficient retained causal preparation under the adopted background and transfer
model.
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51 Minimal Toy Evaluation Protocol

Before constructing a complete field theory, the causal proposal may be tested through a controlled
toy-model sequence.

51.1 Step 1: choose one common normalization

Set

a(t0) = 1. (270)

Propagate that normalization backward continuously through all intervals.

51.2 Step 2: assign explicit background functions

Choose analytic functions for

a1(t), aO(t), a2(t), aC(t), a3(t). (271)

The functions must satisfy

a(t) > 0 (272)

and, for the foundational expanding-background version,

H(t) > 0. (273)

51.3 Step 3: assign propagation laws

Specify

c
(1)
eff , c

(O)
eff , c

(2)
eff , c

(C)
eff , c. (274)

Each value or function must be physically interpreted.
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51.4 Step 4: integrate the intervals

Calculate every term in

χ(123)
raw = χ1 + χO + χ2 + χC + χ3. (275)

51.5 Step 5: apply retention factors

Assign transparent trial values to

E1→3(k), E2→3(k), EC→3(k). (276)

The first calculation should include both:

E = 1 (277)

as the optimistic upper bound, and reduced values to test sensitivity.

51.6 Step 6: compare with the required domain

Compute

Qhor = 2χ(123)
ret

∆χmax
. (278)

The calculation should report which interval contributes most strongly and how sensitive the
result is to each assumption.

52 Claim-Specific Failure Conditions for Full-History Conformal
Geometry

The conformal-history proposal fails or requires revision if any of the following conditions is
unavoidable.

1. No classical geometric interval can be defined before the third leg.

2. The relevant pre-third-leg degree of freedom has no stable characteristic propagation law.

3. The first and second legs contribute negligible comoving causal reach.

4. The transition intervals erase the correlations established earlier.
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5. The full causal sum depends on inconsistent scale-factor normalizations.

6. The proposed horizon length is actually only the radial Electro trajectory length.

7. The effective propagation law becomes uncontrolled or acausal.

8. The calculated common-cause domains fail to overlap for the required last-scattering separa-
tions.

9. The result succeeds only by assigning an arbitrary superluminal speed without a consistent
field theory.

10. The raw causal interval is large, but the retained correlation after the central transition is too
small.

A longer elapsed time is not sufficient to avoid these failure conditions.

53 Formal Summary of Full-History Conformal Geometry

The classical conformal interval is defined by

dη = dt
a(t) . (279)

The causal contribution of interval j is

χj(k) =
∫

Ij

c
(j)
eff (t, k)
aj(t)

dt. (280)

The complete raw history is

χ(123)
raw = χ1 + χO + χ2 + χC + χ3. (281)

The history-extension ratio is

Hraw = 1 + χ1 + χO + χ2 + χC
χ3

. (282)

The retained causal history is

χ
(123)
ret (k) =

∑
j

Ej→3(k)χj(k). (283)

The two-point common-cause condition is
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2χ(123)
ret ≥ ∆χAB. (284)

The whole-domain horizon statistic is

Qhor = 2χ(123)
ret

∆χmax
. (285)

Causal sufficiency requires

Qhor ≥ 1. (286)

The decisive distinction is

Electro trajectory length ̸= causal horizon (287)

unless the field equations explicitly connect them.

The incomplete-history hypothesis therefore advances from a narrative claim to a calculable
question:

Does the retained full-history causal domain encompass the observed last-scattering domain?
(288)

54 The Dedicated Horizon Test

The preceding conformal construction defines the raw propagation reach. This section turns that
construction into a direct horizon test by adding last-scattering geometry and transition-retention
requirements.

The central question is not merely whether the first and second legs add positive conformal
duration.

It is whether the retained causal domain established before last scattering is large enough to
account for correlations observed across the cosmic microwave background sky.

The test requires four quantities:

1. the comoving radius of the last-scattering surface;

2. the comoving separation of the regions being compared;

3. the backward causal reach of each region to an earlier preparation hypersurface; and
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4. the fraction of the earlier correlation that survives both reversals and enters the third-leg
plasma.

The horizon candidate resolution remains viable only if the relevant backward causal domains
overlap before the observed perturbations are fixed. Paper II defines this criterion; numerical
satisfaction awaits an explicit background and transfer model.

Define the scale- and angle-dependent horizon statistic

Qhor (k, θ) = 2χ(123)
ret (k)

dk (χ∗, θ)
, (289)

where:

• χ∗ is the present comoving radial distance to last scattering;

• θ is the observed angular separation;

• dk(χ∗, θ) is the spatial geodesic separation of the two last-scattering points; and

• χ
(123)
ret is the retained backward causal reach from last scattering into the full three-leg history.

Causal overlap requires

Qhor (k, θ) ≥ 1. (290)

The all-sky horizon problem concerns the largest relevant angular separations.

55 Geometry of the Last-Scattering Surface

55.1 Radial distance to last scattering

The comoving radial distance from the present observer to the last-scattering surface is

χ∗ =
∫ t0

t∗

cdt
a3(t) . (291)

Equivalently, in redshift space,

χ∗ = c

∫ z∗

0

dz
H3(z) . (292)

The observer is placed at the coordinate origin for convenience.

This does not imply that the observer occupies a preferred physical center of the universe.
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55.2 Two points on the last-scattering surface

Consider two points A and B on the last-scattering surface observed at angular separation

0 ≤ θ ≤ π. (293)

Their comoving spatial separation is

∆χAB = dk (χ∗, θ) , (294)

where dk is the geodesic distance on the relevant constant-curvature spatial hypersurface.

In the spatially flat limit,

d0 (χ∗, θ) = 2χ∗ sin
(
θ

2

)
. (295)

For small angular separation,

d0 (χ∗, θ) ≈ χ∗θ. (296)

For antipodal points,

θ = π, (297)

and therefore, in the flat limit,

d0 (χ∗, π) = 2χ∗. (298)

The antipodal comparison provides the strongest simple all-sky causal test.

56 Backward Causal Domains

56.1 Preparation hypersurface

Let

Σprep (299)

denote a hypersurface on which the relevant common state is established.

This hypersurface may lie:
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• during the first outward leg;

• near the outer transition;

• during the second inward leg;

• near the central transition; or

• during the earliest third-leg plasma stage.

The preparation time is denoted

tprep < t∗. (300)

56.2 Backward reach

The backward causal reach from last scattering to the preparation hypersurface is

χback (tprep, t∗; k) =
∫ t∗

tprep

ceff(t, k)
a(t) dt, (301)

with the integral evaluated piecewise across all intervening legs and transitions.

The backward causal domain of point A on Σprep is

BA = {x ∈ Σprep : dk (x,xA) ≤ χback} . (302)

Similarly,

BB = {x ∈ Σprep : dk (x,xB) ≤ χback} . (303)

A common causal preparation region exists when

BA ∩ BB ̸= ∅. (304)

For equal causal radii in a symmetric background, this reduces to

2χback ≥ dk (χ∗, θ) . (305)
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57 The Standard Decelerating Horizon Deficit

57.1 Finite conformal beginning

Consider a decelerating power-law background,

a(t) = Atp, 0 < p < 1. (306)

The conformal time from a finite classical beginning at t = 0 is

η(t) =
∫ t

0

dt′
At′p

= t1−p

A(1 − p) . (307)

The particle horizon at time t∗ is therefore finite:

χp(t∗) = cη(t∗). (308)

For a third-leg-only hot history, the causal reach available before last scattering is

χ3(t∗) =
∫ t∗

t+C

c dt
a3(t) . (309)

The radial distance from the observer to last scattering is instead

χ∗ =
∫ t0

t∗

cdt
a3(t) . (310)

In a conventional noninflationary reconstruction,

χ3(t∗) < χ∗. (311)

Thus, the backward causal domains of antipodal last-scattering points do not overlap:

2χ3(t∗) < 2χ∗. (312)

57.2 Deficit factor

Define the standard third-leg horizon deficit factor as

D(3)
hor = dk (χ∗, θ)

2χ3(t∗) . (313)

For the antipodal flat-space comparison,
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D(3)
hor (π) = χ∗

χ3(t∗) . (314)

The third-leg-only history is causally insufficient when

D(3)
hor > 1. (315)

The Triple Bounce prehistory must supply the missing causal reach rather than merely add a
nonzero correction.

58 Required Triple Bounce Causal Extension

58.1 Minimum retained prehistory

For angular separation θ, the minimum additional retained causal reach required beyond the third
leg is

χpre,req (θ) = max
[
0, 1

2dk (χ∗, θ) − χ3(t∗)
]
. (316)

For antipodal points in the flat limit,

χpre,req (π) = max [0, χ∗ − χ3(t∗)] . (317)

The retained first- and second-leg contribution must satisfy

χpre,ret = χret
1 + χret

O + χret
2 + χret

C ≥ χpre,req. (318)

58.2 Efficiency-corrected requirement

Using transfer efficiencies,

χpre,ret(k) =
∑

j∈{1,O,2,C}
Ej→3(k)χj(k). (319)

The complete causal criterion is

χ3(t∗, k) +
∑

j∈{1,O,2,C}
Ej→3(k)χj(k) ≥ 1

2dk (χ∗, θ) . (320)

For all-sky antipodal correlation in the flat limit,
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χ
(123)
ret (t∗, k) ≥ χ∗. (321)

58.3 Required history-extension ratio

The required extension ratio is

Hrequired (θ) = dk (χ∗, θ)
2χ3(t∗) . (322)

A successful model must satisfy

Hret (k) ≥ Hrequired (θ) , (323)

where

Hret(k) = χ
(123)
ret (k)
χ3(t∗, k) . (324)

59 Angular Causal Scale

59.1 Flat-background expression

In the flat approximation, the maximum angular separation whose backward causal domains overlap
satisfies

2χ(123)
ret = 2χ∗ sin

(
θcausal

2

)
. (325)

Therefore,

θcausal = 2 arcsin
[
min

(
1, χ

(123)
ret
χ∗

)]
. (326)

When

χ
(123)
ret ≪ χ∗, (327)

the small-angle approximation gives

θcausal ≈ 2χ
(123)
ret
χ∗

. (328)
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Whole-sky antipodal overlap requires

θcausal = π, (329)

which occurs when

χ
(123)
ret ≥ χ∗. (330)

59.2 Curvature correction

When spatial curvature is nonzero, the relationship between θcausal and the radial causal reach must
be calculated using the spatial geodesic function

dk (χ∗, θ) . (331)

The horizon test and the flatness test are therefore related.

A curvature model that changes the last-scattering geometry also changes the required causal
overlap distance.

60 Direct Transport and Common-State Preparation

The Triple Bounce framework permits two broad causal mechanisms.

60.1 Direct transport

A physical carrier may propagate information between different regions during the first or second
leg.

Let X denote that carrier.

Its correlation field may satisfy an effective hyperbolic equation,

DXδX = JX , (332)

with characteristic speed

cX(t, k). (333)

Direct transport contributes through
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χX =
∫
cX(t, k)
a(t) dt. (334)

60.2 Common-state preparation

Alternatively, a connected region may be prepared in a common state before its descendants become
widely separated.

Let

Ξprep(x) (335)

represent the prepared field.

Its two-point correlation is

CΞ (x,y) = ⟨Ξprep(x)Ξprep(y)⟩ . (336)

The preparation correlation length is

ξprep. (337)

A successful common-state mechanism requires

ξprep ≥ dk (χ∗, θ) (338)

after conversion to the common comoving normalization and application of the transition maps.

60.3 No causality exemption

A common initial state does not remove the need to explain how that state was generated.

The model must show either:

• that the preparation domain was causally connected;

• that a fundamental boundary condition imposed the correlation;

• that a pre-singularity theory supplies an alternative causal structure; or

• that a later dynamical attractor erased earlier differences.

Each possibility has a different physical and evidential burden.
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61 Causal Contact Versus Equilibration

Causal contact permits interaction.

It does not guarantee thermal or dynamical equilibration.

Let

ΓX(t) (339)

denote the interaction rate of the relevant preparation process.

The number of effective interactions during an interval is

Nint =
∫

ΓX(t)dt. (340)

Significant equilibration generally requires

Nint ≳ 1, (341)

while strong equilibration may require

Nint ≫ 1. (342)

An expansion-timescale comparison is

ΓX
H
. (343)

Local equilibration is efficient when

ΓX ≫ H. (344)

The horizon explanation must therefore answer two separate questions:

1. Could the relevant regions influence one another?

2. Did the interaction dynamics actually drive them toward a sufficiently uniform prepared state?

A large causal domain without an effective homogenizing process does not fully explain the
observed uniformity.
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62 Survival Through the Outer Reversal

Let the first-leg prepared correlation spectrum be

P
(1)
Ξ (k). (345)

The outer transition maps it into

P
(O+)
Ξ (k) = |TO(k)|2 P (1)

Ξ (k) +NO(k), (346)

where:

• TO(k) is the outer-transition transfer function; and

• NO(k) is transition-generated stochastic power.

Large-scale survival requires

|TO(k)| ≈ 1 (347)

over the modes relevant to the horizon problem.

The outer transition must not produce excessive decorrelation,

NO(k) ≪ P
(1)
Ξ (k) (348)

on those scales.

If the first-leg correlation is erased at the outer reversal, the first leg cannot perform the required
horizon work.

63 Survival Through the Second Leg and Central Reversal

63.1 Second-leg transfer

The second-leg state may be written as

P
(2)
Ξ (k, t) =

∣∣∣T2(k; t, t+O)
∣∣∣2 P (O+)

Ξ (k) +N2(k, t). (349)

Large-scale preservation requires

∣∣∣T2(k; t−C , t
+
O)
∣∣∣ ̸≪ 1. (350)
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The second leg may strengthen, weaken, or reorganize the correlation.

It need not preserve every microscopic detail.

63.2 Central conversion

Represent the candidate conversion of the inherited correlation into third-leg perturbation variables
by


Rk

Sk

hk

δi(k)


t+C

= MC(k)


Ξk

W12,k

P12,k

M12,k


t−C

+ NC(k). (351)

A successful horizon candidate requires a substantial projection of the retained common-state
component into the visible adiabatic curvature mode. In a linearized description this requires, over
the relevant scales,

∣∣∣TC
RΞ(k)

∣∣∣2 PΞcommon(k) ≫ P(Ξ)
S,vis(k). (352)

The transition need not preserve every microscopic detail. If the retained common-state power
enters mainly an isocurvature, vector, or unstable visible mode, the model may preserve historical
correlation while still failing observationally.

64 Scale Dependence of the Horizon Test

The effective propagation speeds and transition efficiencies may depend on wavenumber.

The horizon statistic is therefore

Qhor = Qhor (k, θ) . (353)

A scale-dependent causal reach may produce:

• full correlation on large scales but not smaller scales;

• selective damping across transition bands;

• features in the primordial power spectrum;

• phase shifts;

• scale-dependent statistical anisotropy; or

• different scalar and tensor preparation lengths.
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For an angular multipole ℓ, a useful approximate correspondence is

kℓ ≈
ℓ+ 1

2
DM (z∗) , (354)

where DM (z∗) is the transverse comoving distance to last scattering.

The horizon condition should therefore be evaluated over the range

kmin ≤ k ≤ kmax (355)

corresponding to the angular and physical scales whose common preparation is being claimed.

A model that succeeds only at one isolated wavenumber does not explain the broad observed
uniformity.

65 Inherited Scaffold as a Candidate Correlation Carrier

The dark-matter-associated scaffold may act as one carrier of coarse-grained correlation established
during the first leg. This is a candidate retention mechanism, not a claim that the scaffold stores a
complete microscopic record.

Represent the relevant scaffold-retention field by

W12(x). (356)

Its correlation function is

CW(r) = ⟨W12(x)W12(x + r)⟩ . (357)

Define the scaffold correlation length by

ξW = characteristic scale over which CW(r) remains significant. (358)

For the scaffold alone to support a flat-space antipodal common-state explanation, its third-leg
correlation scale or an equivalent transfer range must satisfy

ξ
(3)
W ≳ d0(χ∗, π) = 2χ∗. (359)

This does not require the later visible matter distribution to be uniform over that scale.
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It requires the relevant preparation variable to possess a common large-scale ancestry and to
couple through the central transfer into an observable adiabatic mode. A long correlation length by
itself is not a horizon candidate resolution.

The scaffold must also avoid imprinting excessive visible anisotropy.

Thus, the model must satisfy both

ξ
(3)
W sufficiently large, (360)

and

ϵW,anis ≪ 1 (361)

on the largest observed scales.

66 Observer Independence and Homogeneity

The horizon construction must not rely on the present observer occupying a privileged position.

The coordinate origin used to define χ∗ is observational.

It is not a physical center of the Triple Bounce geometry.

For statistically homogeneous initial conditions,

C (x,y) = C (|x − y|) (362)

in the flat limit.

For statistical isotropy,

C (x,y) (363)

depends only on geodesic separation rather than absolute direction.

A viable Triple Bounce preparation mechanism must generate a causal domain and correlation
structure that can be centered on any typical comoving observer.

If the model explains the observed sky only when

xobs = xspecial, (364)

it violates the intended homogeneous cosmological interpretation.
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67 Horizon Test Cases

The first numerical analysis should evaluate four nested cases.

67.1 Case A: third leg only

Set

χ1 = χO = χ2 = χC = 0. (365)

Then

QA
hor = 2χ3(t∗)

dk(χ∗, θ)
. (366)

This reproduces the baseline noninflationary horizon deficit.

67.2 Case B: raw full history

Set all retention efficiencies to unity:

Ej→3 = 1. (367)

Then

QB
hor = 2 (χ1 + χO + χ2 + χC + χ3)

dk(χ∗, θ)
. (368)

This is the optimistic geometric upper bound.

67.3 Case C: efficiency-corrected history

Use scale-dependent transfer efficiencies:

QC
hor =

2∑j Ej→3(k)χj(k)
dk(χ∗, θ)

. (369)

This is the physically relevant retained-history test.
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67.4 Case D: preparation and equilibration

Require both causal overlap and effective preparation:

QC
hor ≥ 1, (370)

and

Nint ≳ 1. (371)

The model passes the complete horizon test only if both conditions are met while the resulting
perturbations remain observationally acceptable.

68 Explicit Horizon-Claim Rejection Criteria

The Triple Bounce horizon explanation fails if any of the following is unavoidable.

1. The full classical background cannot be defined early enough to calculate a pre-third-leg causal
interval.

2. The relevant correlation carrier has no stable characteristic propagation law.

3. The raw full-history result satisfies

QB
hor < 1. (372)

4. The raw history is sufficient, but transition losses give

QC
hor < 1. (373)

5. The backward causal domains overlap only for small angular separations and not across the
large-angle cosmic microwave background domain being explained.

6. The causal reach is obtained only by assigning an arbitrary superluminal speed without a
consistent effective theory.

7. The first- and second-leg correlation is erased at either reversal.

8. The derived common-state transfer places most visible power in unacceptable isocurvature,
vector, tensor, or unstable modes.

9. The preparation domain is causally connected but lacks interactions capable of producing the
required uniformity.

102



10. The inherited scaffold provides long-range correlation only by introducing excessive statistical
anisotropy.

11. The model requires the observer to occupy a privileged location.

12. The horizon candidate resolution depends on incompatible scale-factor normalizations across
the three legs.

13. The quantity used as causal reach is merely the geometric Electro trajectory rather than a
derived characteristic domain.

14. The calculated horizon success occurs only at an isolated wavenumber and not across the
observationally relevant scale range.

15. The model reproduces large-scale uniformity only by inserting the uniform third-leg state
directly as an unexplained boundary condition.

69 Formal Summary of the Horizon Test

The radial distance to last scattering is

χ∗ =
∫ t0

t∗

cdt
a3(t) . (374)

The separation of two flat-space last-scattering points is

∆χAB = 2χ∗ sin
(
θ

2

)
. (375)

The full retained backward reach is

χ
(123)
ret (k) = χ3(t∗, k) +

∑
j∈{1,O,2,C}

Ej→3(k)χj(k). (376)

The angular horizon statistic is

Qhor (k, θ) = 2χ(123)
ret (k)

dk (χ∗, θ)
. (377)

The causal-overlap condition is

Qhor (k, θ) ≥ 1. (378)

For antipodal points in the flat limit,
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χ
(123)
ret (k) ≥ χ∗. (379)

The minimum required retained prehistory is

χpre,req(θ) = max
[
0, 1

2dk (χ∗, θ) − χ3(t∗)
]
. (380)

Causal contact must be accompanied by sufficient preparation dynamics:

Qhor ≥ 1 and Nint ≳ 1. (381)

The horizon claim is therefore reduced to a direct calculation:

Does the efficiency-corrected full-history causal domain overlap across the required

last-scattering separations and survive as an acceptable third-leg perturbation state?
(382)

70 Resolved Boundary Curvature and First-Leg Evolution

The flatness question begins before the observable third leg.

If the third-leg curvature parameter is inserted directly as an arbitrarily small initial value,

∣∣∣Ω(3)
k

∣∣∣ ≪ 1, (383)

then the Triple Bounce framework has not explained near-flatness.

It has only relocated the standard initial-condition problem to the central transition.

The proposed alternative is that small observable curvature descends from a sequence of distinct
requirements:

1. balanced pre-singularity ordering that constrains, but is not identified with, classical spatial
curvature;

2. a singular-opening boundary prescription producing the first resolved post-singularity curvature
data;

3. controlled first-leg curvature evolution;

4. regular transfer through the nonsingular outer reversal;

5. controlled second-leg curvature evolution;
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6. regular transfer through the nonsingular central reversal; and

7. third-leg evolution consistent with the present observational bound.

This part of Paper II develops the resolved boundary and first-leg components before constructing
the two reversal maps and the complete present-day curvature budget.

Its endpoint is the state immediately before the outer reversal,

t = t−O. (384)

The resolved-boundary and first-leg curvature sequence is written as

Spre
Bres−→ Ωk(t+res)

Uk,1−→ Ωk(t−O), (385)

where:

• Bres is a provisional singular-opening boundary prescription, not a classical evolution operator
through the singularity; and

• Uk,1 is the first-leg curvature-evolution operator.

The first-leg flatness problem is therefore divided into two questions:

How small is the resolved boundary curvature?

Does the first leg preserve, suppress, or amplify it?
(386)

71 Classical Spatial Curvature

71.1 Curvature index and curvature scalar

In a homogeneous and isotropic Friedmann–Lemaître–Robertson–Walker regime, the spatial-
curvature index is

k ∈ {−1, 0,+1} (387)

after conventional normalization.

The intrinsic scalar curvature of a constant-time spatial hypersurface is

(3)R = 6k
a2 . (388)

The curvature density parameter is
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Ωk = − kc2

a2H2 . (389)

The sign convention implies:

k = −1 =⇒ Ωk > 0, (390)

k = 0 =⇒ Ωk = 0, (391)

k = +1 =⇒ Ωk < 0. (392)

Near-flatness refers to the small magnitude

|Ωk| ≪ 1, (393)

not necessarily to the exact condition

k = 0. (394)

71.2 Geometric curvature versus dynamical relevance

The intrinsic curvature scalar scales as

(3)R ∝ a−2. (395)

Its dynamical importance relative to the Hubble expansion is measured by

|Ωk| = |k|c2

a2H2 . (396)

Thus, the absolute spatial-curvature scalar may decrease while the relative curvature fraction
increases.

This distinction is essential.

A universe may become geometrically less curved in dimensional units while becoming less flat
relative to its total expansion dynamics.

106



72 The Singular-Opening Boundary Prescription

Paper II does not assign an ordinary Friedmann–Lemaître–Robertson–Walker curvature parameter
to the pre-singularity state, and it does not claim to evolve classical curvature continuously through
the singularity. Instead, it introduces a provisional boundary prescription from pre-singularity
ordering data to the earliest resolved post-singularity geometric data.

The pre-singularity state is therefore not assumed to possess a classical spatial-curvature index.

Therefore,

kpre (397)

is not treated as a conventional Friedmann–Lemaître–Robertson–Walker variable.

Instead, the pre-singularity state contains ordering data,

Spre = {Ψ0, δΨ,Aij , Cpre,Qpre, . . .} , (398)

where:

• Ψ0 is the dominant balanced mode;

• δΨ represents departures from that mode;

• Aij represents directional asymmetry;

• Cpre represents pre-singularity correlation structure; and

• Qpre represents additional conserved or approximately conserved ordering information.

The first resolved post-singularity hypersurface is provisionally related to the pre-singularity
ordering data through

Bres : Spre −→
{
ares, Hres,

(3)Rg, σij,res, ρi,res, pi,res
}
. (399)

Here,

ares = a(t+res), Hres = H(t+res). (400)

The resolved boundary curvature parameter is

Ωk,res = − kresc
2

a2
resH

2
res
. (401)
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A successful flatness account must derive or statistically constrain Ωk,res from an explicit
boundary law or statistical boundary prescription tied to the pre-singularity ordering variables.
Merely assigning a small value at t+res does not explain near-flatness.

Limitation 72.1. Classical spatial curvature is used only after a resolved post-singularity spatial
metric is available. The balanced pre-singularity state may constrain the resolved boundary curvature,
but it is not identified with an ordinary flat Friedmann–Lemaître–Robertson–Walker hypersurface.
The boundary prescription Bres is therefore an effective parametrization pending a derived boundary
law; it is not evidence that curvature has been classically propagated through the singularity.

73 Balanced-Mode Asymmetry

73.1 Dominant balanced mode

Paper I proposed that the pre-singularity state is dominated by a balanced internal mode.

Write the state schematically as

Ψpre = A0Ψ0 + δΨ, (402)

where

∥δΨ∥ ≪ ∥A0Ψ0∥ . (403)

The dimensionless asymmetry measure is

ϵasym = ∥δΨ∥
∥A0Ψ0∥

. (404)

The limit

ϵasym → 0 (405)

represents exact dominance of the balanced mode.

The framework does not require the physical universe to occupy this exact limit.

It requires only that the resolved boundary curvature and anisotropy remain small for a finite
range

0 ≤ ϵasym < ϵmax. (406)
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73.2 Curvature response expansion

Near the balanced state, the resolved boundary curvature may be expanded as

Ωk,res = K0 +K1ϵasym +K2ϵ
2
asym + O

(
ϵ3asym

)
. (407)

A symmetry-protected balanced state may satisfy

K0 = 0, K1 = 0, (408)

so that

Ωk,res ≈ K2ϵ
2
asym. (409)

This quadratic response would suppress curvature more strongly than a generic linear response.

However, the vanishing of K0 and K1 must follow from a defined symmetry or boundary law.

It cannot be imposed solely because it produces near-flatness.

73.3 Anisotropy response

The resolved boundary shear may be expanded similarly:

σres
Hres

= S0 + S1ϵasym + S2ϵ
2
asym + · · · . (410)

A balanced isotropic boundary should satisfy

S0 = 0. (411)

The model must determine whether the leading correction is linear or quadratic.

Hypothesis 73.1 (Balanced-boundary suppression). A singular-opening boundary law constrained
by a dominant balanced pre-singularity mode may suppress the leading resolved curvature and shear
responses, yielding a near-flat, nearly isotropic first resolved post-singularity hypersurface without
requiring exact geometric flatness.
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74 Statistical Distribution of Resolved Curvature

The singular-opening boundary prescription may generate a distribution of resolved classical initial
conditions rather than one deterministic geometry.

Let

Ppre (Spre) (412)

be the distribution over candidate pre-singularity states.

The induced distribution of resolved boundary curvature is

P (Ωk,res) =
∫

DSpre Ppre (Spre) δD [Ωk,res − Kres (Spre)] . (413)

The mean resolved boundary curvature is

⟨Ωk,res⟩ =
∫

Ωk,resP (Ωk,res) dΩk,res. (414)

The variance is

σ2
k =

〈
Ω2
k,res

〉
− ⟨Ωk,res⟩2 . (415)

A balanced ensemble may satisfy

⟨Ωk,res⟩ ≈ 0 (416)

while retaining a nonzero variance.

Near-flatness then requires

σk ≪ 1. (417)

A small ensemble mean alone is insufficient.

Large positive and negative curvatures could cancel statistically while individual realizations
remain strongly curved.

Proposition 74.1 (Curvature concentration requirement). A statistical balanced-state explanation
of near-flatness requires the probability distribution of resolved boundary curvature to be concentrated
near zero, not merely symmetric about zero.
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75 First-Leg Curvature Evolution

75.1 Exact logarithmic evolution

During a classical Friedmann–Lemaître–Robertson–Walker interval with constant normalized curva-
ture index k,

d ln |Ωk|
dt = −2H − 2Ḣ

H
. (418)

Using

ϵH = − Ḣ

H2 , (419)

and

dN = Hdt, (420)

one obtains

d ln |Ωk|
dN = 2 (ϵH − 1) . (421)

The first-leg transfer is therefore

ln
[

|Ωk(t−O)|
|Ωk(t+res)|

]
= 2

∫ N−
O

Nres

[
ϵ
(1)
H (N) − 1

]
dN. (422)

Define the first-leg curvature transfer factor

T
(1)
k = |Ωk(t−O)|

|Ωk(t+res)|
. (423)

Then

T
(1)
k = exp

{
2
∫ N−

O

Nres

[
ϵ
(1)
H (N) − 1

]
dN

}
. (424)
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75.2 Suppression, preservation, and amplification

The first leg suppresses curvature when

T
(1)
k < 1. (425)

It preserves the curvature fraction when

T
(1)
k ≈ 1. (426)

It amplifies the curvature fraction when

T
(1)
k > 1. (427)

Using the first-leg average

〈
ϵ
(1)
H

〉
N

= 1
∆N1

∫ N−
O

Nres
ϵ
(1)
H (N)dN, (428)

the transfer factor becomes

T
(1)
k = exp

[
2∆N1

(〈
ϵ
(1)
H

〉
N

− 1
)]
. (429)

Thus:

〈
ϵ
(1)
H

〉
N
< 1 =⇒ T

(1)
k < 1, (430)〈

ϵ
(1)
H

〉
N

= 1 =⇒ T
(1)
k = 1, (431)〈

ϵ
(1)
H

〉
N
> 1 =⇒ T

(1)
k > 1. (432)

76 Effective Equation-of-State Representation

When the first-leg background can be represented by a dominant effective fluid with equation of
state

w1 = p1
ρ1c2 , (433)

the Hubble slow-roll parameter is approximately
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ϵH = 3
2 (1 + w1) (434)

when curvature and additional corrections are subdominant.

Then

d ln |Ωk|
dN = 1 + 3w1. (435)

For nearly constant w1,

|Ωk| ∝ a1+3w1 . (436)

The curvature fraction therefore:

• decreases when

w1 < −1
3; (437)

• remains approximately constant when

w1 = −1
3; (438)

and

• increases when

w1 > −1
3 . (439)

This creates a direct constraint on a noninflationary first leg.

If

w1 > −1
3 (440)

throughout a long expanding interval, then the first leg amplifies the relative curvature fraction.

Near-flatness must then originate from an even smaller boundary value or from a later suppres-
sion mechanism.
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77 Power-Law First-Leg Toy Models

Let the first-leg scale factor be

a1(t) = A1

(
t

t1

)p
, p > 0. (441)

The Hubble rate is

H1(t) = p

t
. (442)

The slow-roll parameter is

ϵH = 1
p
. (443)

The curvature fraction evolves as

|Ωk| ∝ a2(1/p−1). (444)

Equivalently,

|Ωk| ∝ t2−2p. (445)

77.1 Radiation-like expansion

For

p = 1
2 , (446)

one obtains

|Ωk| ∝ a2. (447)

77.2 Matter-like expansion

For

p = 2
3 , (448)

one obtains
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|Ωk| ∝ a. (449)

77.3 Coasting expansion

For

p = 1, (450)

one obtains

|Ωk| = constant (451)

within the toy approximation.

77.4 Accelerated power-law expansion

For

p > 1, (452)

the curvature fraction decreases:

|Ωk| ∝ a−2(1−1/p). (453)

This regime is inflationary in the metric sense because

ä > 0. (454)

Calling the active sector Electro does not change that mathematical classification.

78 First-Leg Expansion Is Not Automatically a Flatness Mecha-
nism

The first outward leg contains two distinct outward properties:

ȧ > 0, ṘE > 0. (455)

Neither condition alone suppresses the relative curvature fraction.
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Curvature suppression requires

〈
ϵ
(1)
H

〉
N
< 1, (456)

or a modified gravitational or transition mechanism that changes the standard curvature
evolution.

Therefore,

outward Electro propagation ̸= curvature suppression. (457)

The foundational Triple Bounce interpretation intentionally avoids identifying the first leg with
inflation.

Consequently, near-flatness cannot be attributed to the first leg merely because the active
sector moves outward.

The framework must instead choose among four logically distinct possibilities:

I. Boundary-dominated near-flatness:

The singular-opening boundary prescription produces an extremely small Ωk,res, and the first
leg does not amplify it beyond the allowed range.

II. First-leg preservation:

The effective first-leg background remains close to

〈
ϵ
(1)
H

〉
N

≈ 1, (458)

so the curvature fraction changes little.

III. Limited metric acceleration:

A portion of the first leg satisfies

ϵH < 1 (459)

and suppresses curvature, even though the entire Electro leg is not identified with standard
inflation.

IV. Nonstandard curvature transfer:

Additional fields or modified geometric dynamics alter

d ln |Ωk|
dN = 2 (ϵH − 1) + Sk, (460)
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where Sk is a derived curvature-transfer source.

The fourth possibility requires a consistent extension of the gravitational equations.

79 Curvature Budget Across the First Leg

Define the maximum curvature allowed immediately before the outer transition as

Ωmax
k,O . (461)

The resolved boundary curvature must satisfy

|Ωk,res| ≤
Ωmax
k,O

T
(1)
k

. (462)

If

T
(1)
k ≫ 1, (463)

then the required boundary curvature becomes correspondingly smaller.

Define the first-leg curvature budget in logarithmic form:

B(1)
k = ln

[
Ωmax
k,O

|Ωk,res|

]
. (464)

The first-leg evolution consumes

∆(1)
k = lnT (1)

k . (465)

The first-leg state remains within the curvature budget when

∆(1)
k ≤ B(1)

k . (466)

This formulation makes the fine-tuning burden explicit.

A model with a large positive ∆(1)
k must explain why the resolved boundary curvature was

sufficiently tiny.
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80 Shear and Anisotropy During the First Leg

80.1 Shear variable

A nearly homogeneous but weakly anisotropic geometry may be described by a shear tensor

σij . (467)

Define

σ2 = 1
2σijσ

ij . (468)

A normalized shear parameter is

Ωσ = σ2

3H2 . (469)

A generalized background constraint may be written schematically as

1 = Ωρ + Ωk + Ωσ, (470)

with the precise form depending on the selected homogeneous geometry and normalization
conventions.

80.2 Shear dilution in expansion

In a source-free classical regime,

ρσ ∝ a−6. (471)

For an effective fluid,

ρ ∝ a−3(1+w). (472)

Their ratio evolves as

ρσ
ρ

∝ a−3(1−w). (473)

For

w < 1, (474)
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the shear contribution decays relative to the dominant fluid during expansion.

Thus, an expanding noninflationary first leg may suppress shear even while the relative curvature
fraction grows.

This distinction is important:

anisotropy dilution ̸= curvature suppression. (475)

80.3 Anisotropic stress source

If the first-leg Electro or scaffold sectors carry anisotropic stress, the shear evolution may be sourced:

σ̇ij + 3Hσij = 8πG
c4 πaniso

ij , (476)

where πaniso
ij is the anisotropic stress.

The first-leg model must therefore derive or constrain

πaniso
ij . (477)

A rapidly expanding background does not guarantee isotropization if the source remains large.

81 Curvature and Shear Phase Space

Define the first-leg geometric state vector

Y1 = (Ωk,Ωσ, ϵH , ϵasym, . . .)T . (478)

Its e-fold evolution is

dY1
dN = F1 (Y1) . (479)

Let

Y1∗ = (0, 0, ϵH∗, 0, . . .) (480)

represent a candidate near-flat, nearly isotropic trajectory or fixed point.

Perturbations around it are
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δY1 = Y1 − Y1∗. (481)

Linearization gives

dδY1
dN = J1δY1, (482)

where

J1 = ∂F1
∂Y1

∣∣∣∣
Y1∗

. (483)

The candidate state is locally attracting when

Re (λa) < 0 (484)

for all relevant eigenvalues λa of J1.

If the curvature eigenvalue is positive,

Re (λk) > 0, (485)

near-flatness is unstable during the first leg.

Definition 81.1 (First-leg near-flat attractor). A first-leg near-flat attractor is a stable trajectory
or fixed-point region toward which a finite set of initially small curvature and shear perturbations
evolve before the outer reversal.

The foundational framework does not yet establish that such an attractor exists.

82 Comparison with Inflationary Curvature Suppression

Inflation suppresses curvature through

Tk,inf = exp
[
2
∫

inf
(ϵH − 1) dN

]
. (486)

For approximately constant small ϵH ,

Tk,inf ≈ e−2Ninf . (487)

This provides strong dynamical suppression over sufficient e-folds.

The Triple Bounce first-leg alternatives may be classified as follows.
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82.1 Equivalent metric suppression

If the first-leg background satisfies

∫
I1

(1 − ϵH) dN ≫ 1, (488)

then it suppresses curvature through the same geometric mechanism as inflation.

Even if Electro has additional sector dynamics, the background portion is inflationary in the
mathematical sense.

82.2 Boundary suppression with later preservation

If

T
(1)
k ≳ 1, (489)

near-flatness must be supplied primarily by

|Ωk,res| ≪ 1. (490)

This approach differs physically from inflation.

Its scientific credibility depends on deriving the concentration of the boundary curvature
distribution near zero.

82.3 Modified geometric suppression

If new dynamics produce

Sk < −2 (ϵH − 1) , (491)

then curvature may decrease even when

ϵH > 1. (492)

Such a mechanism would be distinct from standard inflation.

It would also require a new covariant field theory and stability analysis.
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82.4 No semantic substitution

The framework should not call a period noninflationary merely because it belongs to the first Electro
leg.

If

ä > 0 (493)

for a sufficient interval, then the background undergoes accelerated expansion.

The distinction should be stated as:

the first Electro leg is not identical to inflation,

but it may contain an inflationary metric subinterval.
(494)

83 First-Leg Curvature Transfer Function

A general scale-dependent first-leg curvature transfer may be written as

Ω̃k

(
q, t−O

)
= T

(1)
Ω (q) Ω̃k

(
q, t+res

)
+N

(1)
Ω (q) , (495)

where q is used here as a perturbation wavenumber to distinguish it from the background
curvature index k.

The transfer function contains:

T
(1)
Ω = T

(1)
bg T

(1)
int T

(1)
mem, (496)

where:

• T
(1)
bg is the homogeneous background transfer;

• T
(1)
int is the effect of interactions among sectors; and

• T
(1)
mem is the scaffold-memory contribution.

The stochastic term

N
(1)
Ω (497)

represents curvature or anisotropy generated during first-leg evolution.

Large-scale near-flatness requires

122



∣∣∣T (1)
Ω (q)Ω̃k

(
q, t+res

)
+N

(1)
Ω (q)

∣∣∣ ≪ 1 (498)

for the long-wavelength modes relevant to the observable background.

The framework must distinguish homogeneous curvature from long-wavelength curvature
perturbations.

They are related but not identical variables.

84 Outer-Reversal Input State

Immediately before the outer reversal, the first-leg geometric state is

I−
O =

{
a−

O, H
−
O ,Ω

−
k,O, σ

−
ij,O, ρ

−
i,O, p

−
i,O,W1,P1, δi,Φ,Ψ

}
. (499)

The first-leg flatness analysis must supply finite values satisfying

a−
O > 0, (500)

H−
O > 0, (501)

∣∣∣Ω−
k,O

∣∣∣ < ∞, (502)

and

σ−
O

H−
O
< ∞. (503)

For a near-flat transfer into the second leg, the stronger conditions are

∣∣∣Ω−
k,O

∣∣∣ ≪ 1, (504)

and

Ω−
σ,O ≪ 1. (505)

The outer transition cannot repair an arbitrarily pathological first-leg state unless a specific
smoothing mechanism is derived.
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85 First-Leg Flatness Test Cases

The first numerical curvature analysis should compare four cases.

85.1 Case A: exact balanced boundary

Assume

ϵasym = 0, Ωk,res = 0, Ωσ,res = 0. (506)

This is an ideal limiting solution.

It tests whether the first-leg equations preserve exact flatness and isotropy.

It does not test naturalness.

85.2 Case B: small perturbed boundary

Assign

0 < |Ωk,res| ≪ 1, 0 < Ωσ,res ≪ 1. (507)

Evolve a neighborhood of initial conditions to determine whether the balanced trajectory is
stable.

85.3 Case C: decelerating first leg

Require

ϵ
(1)
H > 1 (508)

throughout the first leg.

This measures the boundary fine-tuning required when curvature grows monotonically.

85.4 Case D: mixed first-leg background

Permit

ϵ
(1)
H = ϵ

(1)
H (N) (509)

to cross unity.
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The total transfer remains

T
(1)
k = exp

[
2
∫ (

ϵ
(1)
H − 1

)
dN

]
. (510)

This case tests whether limited accelerated subintervals can compensate for decelerating portions
without identifying the entire first leg as standard inflation.

86 First-Leg Flatness-Mechanism Rejection Criteria

The first-leg near-flatness proposal fails or requires revision if any of the following is unavoidable.

1. No mathematically defined boundary map connects pre-singularity ordering to classical
curvature and shear.

2. The balanced mode suppresses only the ensemble mean curvature while leaving a broad
distribution of strongly curved realizations.

3. Small curvature perturbations grow without bound during the first leg.

4. The first-leg transfer factor satisfies

T
(1)
k ≫ 1 (511)

and the required boundary value is unexplained or excessively tuned.

5. The first-leg Electro sector generates large anisotropic stress that prevents isotropization.

6. The near-flat trajectory is a repeller rather than an attractor or stable neutral trajectory.

7. Curvature suppression is claimed from outward Electro motion without a corresponding metric
or modified-gravity derivation.

8. The framework describes a long interval with ϵH < 1 but denies that the background is
inflationary solely through terminology.

9. The first-leg state reaches the outer transition with divergent curvature, shear, density, or
pressure.

10. Near-flatness occurs only at one measure-zero initial state rather than within a finite basin.

11. A nonstandard curvature source Sk is introduced without covariance, conservation, and
stability.

12. The first-leg flatness candidate resolution is incompatible with the causal history required by
the horizon test.
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The last condition is especially important.

A background chosen to suppress curvature may reduce or alter the available conformal interval.

The horizon and flatness calculations must therefore use the same first-leg solution.

87 Formal Summary of First-Leg Curvature Evolution

The provisional singular-opening boundary prescription is

Bres : Spre −→ {Ωk,res,Ωσ,res, ares, Hres} . (512)

This notation does not assert a classical continuation through the singularity; it defines the
boundary problem that a completed theory must solve.

The balanced-state asymmetry is

ϵasym = ∥δΨ∥
∥A0Ψ0∥

. (513)

A symmetry-suppressed curvature response may take the form

Ωk,res ≈ K2ϵ
2
asym, (514)

but this relation must be derived.

The exact classical curvature evolution is

d ln |Ωk|
dN = 2 (ϵH − 1) . (515)

The first-leg transfer factor is

T
(1)
k = exp

{
2
∫ N−

O

Nres

[
ϵ
(1)
H (N) − 1

]
dN

}
. (516)

Near-flatness at the outer transition requires

∣∣∣Ω−
k,O

∣∣∣ = T
(1)
k |Ωk,res| ≪ 1. (517)

The shear distinction is

ρσ ∝ a−6 does not imply |Ωk| decreases. (518)
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The central first-leg flatness question is therefore

Does balanced boundary suppression, together with first-leg evolution,

deliver a finite and naturally near-flat state to the outer reversal?
(519)

88 Curvature Matching Across the Two Reversals

The first-leg analysis delivered a geometric state immediately before the outer reversal,

I−
O . (520)

That state must pass through:

I−
O

TO−→ I+
O

U2−→ I−
C

TC−→ I+
C , (521)

where:

• TO is the outer-reversal transition map;

• U2 is the second-leg evolution operator; and

• TC is the central-reversal transition map.

The final state

I+
C (522)

provides the initial background and perturbation data for the observable third leg.

The matching problem has two distinct levels:

1. Background matching, which governs the scale factor, Hubble rate, energy density, pressure,
curvature, and shear; and

2. Perturbation matching, which governs scalar, vector, tensor, entropy, and inherited-memory
modes.

The Electro direction changes at both transitions.

The global expansion is not required to reverse.

Thus, the fundamental sign changes are
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ṘE : + −→ − at the outer reversal, (523)

ṘE : − −→ + at the central reversal, (524)

while the continuously expanding version requires

HO > 0, HC > 0. (525)

The two transition maps must therefore be constructed independently. Neither reversal is a
singularity, and Paper II leaves the physical cause of each reversal unresolved. The maps cannot be
assumed to possess identical durations, energies, transfer matrices, or underlying causes.

88.1 Curvature transfer across the two nonsingular reversals

At the homogeneous level, define the curvature transfer maps

Ωk(t+O) = Tk,O
[
Ωk(t−O), I−

O , θO
]
, (526)

Ωk(t+C) = Tk,C
[
Ωk(t−C), I−

C , θC
]
. (527)

Here θO and θC denote the distinct transition parameters. Regular transfer does not require
exact conservation of Ωk, because Ωk ∝ (aH)−2 can change when H or the effective stress-energy
content changes. It does require that any change follow from a specified finite-width evolution or a
controlled thin-limit matching law rather than an arbitrary reset.

For a common normalized curvature index k and continuous a and H, the homogeneous
curvature fraction is continuous. A discontinuity in Ωk therefore requires a derived change in the
effective spatial geometry, a controlled jump in the extrinsic curvature, or an explicit surface source.
These possibilities are tests, not assumptions.
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89 Finite-Width Transition Geometry

89.1 Transition intervals

The outer and central transitions occupy finite intervals,

IO =
[
t−O, t

+
O

]
, (528)

IC =
[
t−C , t

+
C

]
. (529)

Their proper-time widths are

∆tO = t+O − t−O, (530)

∆tC = t+C − t−C . (531)

No equality is assumed:

∆tO ̸= ∆tC (532)

in the general model.

89.2 Smooth reversal profiles

A useful kinematic profile for reversal j is

Ṙ
(j)
E (t) =

v−
j + v+

j

2 +
v+
j − v−

j

2 tanh
(
t− tj
τj

)
, (533)

where j ∈ {O,C}.

For the outer reversal,

v−
O > 0, v+

O < 0. (534)

For the central reversal,

v−
C < 0, v+

C > 0. (535)

The parameters
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{
v−

O, v
+
O, τO, v

−
C , v

+
C , τC

}
(536)

remain distinct.

The tanh profile provides a regular interpolation.

It does not supply the physical force producing either reversal.

89.3 Smooth background requirements

Within a finite classical transition, the scale factor must satisfy

aj(t) > 0. (537)

The continuously expanding version requires

Hj(t) > 0. (538)

The background variables should remain finite:

{
a,H, Ḣ, ρtot, ptot,Ωk, σ

2
}
< ∞. (539)

The transition may contain rapid variation.

It may not contain an unexplained divergence.

90 Thin-Hypersurface Limit

Although finite-width transitions are preferred, the thin-hypersurface limit provides a useful consis-
tency check.

Let

Σj (540)

denote the limiting transition hypersurface.

For any quantity X, define the jump

[X]j = X(t+j ) −X(t−j ). (541)

The thin limit is obtained schematically as
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∆tj −→ 0 (542)

while holding finite any physically meaningful integrated transition source.

A thin transition may contain a surface stress–energy tensor,

S
(j)
ab . (543)

If no physical surface layer is present, then

S
(j)
ab = 0. (544)

The thin-limit equations must reproduce the finite-width solution as the transition duration is
reduced.

A model that gives unrelated answers in the two descriptions lacks a controlled transition limit.

91 Induced Metric and Extrinsic Curvature

91.1 Induced metric

Let nµ be the unit normal to the transition hypersurface.

The induced metric is

hµν = gµν − ϵnnµnν , (545)

where ϵn = nµn
µ depends on the signature and whether the hypersurface is spacelike or timelike.

For a standard constant-time cosmological transition, the induced spatial metric is

hij = a2(t)γij , (546)

where γij is the normalized constant-curvature spatial metric.

Continuity of the induced metric requires

[hij ]j = 0. (547)

For a common spatial geometry, this implies

[a]j = 0. (548)
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91.2 Extrinsic curvature

The extrinsic curvature is

Kµν = hµ
αhν

β∇αnβ. (549)

For a homogeneous constant-time Friedmann–Lemaître–Robertson–Walker hypersurface,

Kij ∝ Hhij , (550)

up to the orientation and sign convention for nµ.

Thus, continuity of Kij implies continuity of the Hubble rate:

[H]j = 0 (551)

when no surface layer is present and the same time orientation is used on both sides.

This is consistent with sectoral reversal:

[H]j = 0, sgn
(
Ṙ+
E

)
= − sgn

(
Ṙ−
E

)
. (552)

The Electro velocity may reverse while the metric expansion remains continuous.

92 Surface Stress and the No-Shell Condition

In the thin-hypersurface description, the jump in extrinsic curvature is related to the surface
stress–energy tensor.

Using one common sign convention (Israel, 1966),

[Kab − habK]j = −8πG
c4 S

(j)
ab . (553)

The overall sign depends on the normal-vector convention.

The physical content is that a discontinuity in extrinsic curvature requires a localized surface
source.

When

S
(j)
ab = 0, (554)

the no-shell matching conditions are
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[hab]j = 0, [Kab]j = 0. (555)

For the homogeneous background, this gives

[a]j = 0, [H]j = 0. (556)

A discontinuity such as

[H]j ̸= 0 (557)

must therefore be supported by a specified surface layer or by a departure from the assumed
classical junction structure.

The Triple Bounce framework does not presently require such a layer.

The preferred baseline is smooth finite-width evolution with no distributional surface stress.

93 Background Energy Transfer Through the Transitions

The total stress–energy tensor satisfies

∇µT
µν
tot = 0. (558)

Individual sectors may exchange energy and momentum:

∇µT
µν
i = Qνi . (559)

Total conservation requires

∑
i

Qνi = 0. (560)

At the homogeneous level,

ρ̇i + 3H
(
ρi + pi

c2

)
= Qi, (561)

with

∑
i

Qi = 0. (562)
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The outer transition may redistribute energy among:

{Electro, scaffold, chasing sector,precursor sectors} . (563)

The central transition may additionally populate or source:

effective radiation, optional particle-like excitations,

candidate electromagnetic modes, third-leg matter precursors

 . (564)

This schematic set does not require a pair-rich phase or stable ordinary matter at the instant
of reversal. Those outcomes must emerge, if at all, from the subsequent third-leg dynamics.

The total energy density should remain finite and continuous in a smooth transition:

[ρtot]j = 0 (565)

in the no-shell thin limit.

Individual sector densities need not remain separately constant.

94 Background Curvature Through a Smooth Transition

In an ordinary Friedmann–Lemaître–Robertson–Walker geometry with fixed normalized spatial-
curvature index k,

Ωk = − kc2

a2H2 . (566)

If a and H are continuous, then

[Ωk]j = 0. (567)

Thus, a smooth reversal does not permit an arbitrary instantaneous jump in the homogeneous
curvature fraction.

Curvature may still evolve rapidly across a finite transition because

d ln |Ωk|
dN = 2 (ϵH − 1) (568)

continues to apply wherever the standard Friedmann–Lemaître–Robertson–Walker equations
remain valid.

Define the finite-width transition transfer factor
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T
(j)
k = exp

{
2
∫

Ij

[ϵH(t) − 1] dN
}
. (569)

For a regular thin transition,

∆Nj −→ 0 =⇒ T
(j)
k −→ 1. (570)

Any proposal in which

[Ωk]j ̸= 0 (571)

must identify one of the following:

• a surface stress layer;

• a discontinuity in H;

• a change in the spatial-curvature index or topology;

• modified gravitational field equations; or

• a breakdown of the classical Friedmann–Lemaître–Robertson–Walker description.

The baseline Triple Bounce model assumes none of these without explicit derivation.

95 Perturbation Variables and Gauge-Invariant Matching

For the perturbation-matching discussion in this section, natural units

c = ℏ = 1 (572)

are used.

95.1 Scalar metric perturbations

A general scalar-perturbed metric may be written as

ds2 = a2(η)
{

− (1 + 2A) dη2 + 2∂iB dxidη + [(1 + 2ψ) δij + 2∂i∂jE] dxidxj
}
. (573)

Gauge-invariant combinations include the Bardeen potentials (Bardeen, 1980). Standard
cosmological applications are developed by Ma and Bertschinger (1995) and reviewed by Malik and
Wands (2009).
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Φ, Ψ, (574)

the curvature perturbation on uniform-density hypersurfaces,

ζ = −ψ −H
δρ

ρ̇
, (575)

and the comoving curvature perturbation,

R. (576)

The matching conditions should be stated in gauge-invariant variables or derived directly from
the perturbed induced metric and extrinsic curvature.

95.2 Perturbation state vector

Define a scalar-sector state vector

Xs = (R,ΠR, S1,ΠS1 , . . . , Sn,ΠSn ,Φ,Ψ)T , (577)

where:

• ΠR is the canonical or effective momentum associated with R; and

• SA are independent entropy or isocurvature modes.

The tensor state may be written as

XT = (h+,Π+, h×,Π×)T . (578)

Vector variables and a specified coarse-grained scaffold-retention variable may be added when
their dynamics are defined.

96 Finite-Width Perturbation Evolution

For a finite transition, the perturbations should be evolved through the transition rather than
matched by an arbitrary jump rule.

A general linear system is

dX
dt = Aj (t, k)X + Jj (t, k) , (579)
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where:

• Aj is the transition evolution matrix; and

• Jj contains transition-generated sources.

The formal solution is

X(t+j ) = Uj
(
t+j , t

−
j ; k

)
X(t−j ) +

∫ t+j

t−j

Uj
(
t+j , t; k

)
Jj(t, k)dt. (580)

Define

Mj(k) = Uj
(
t+j , t

−
j ; k

)
, (581)

and

Nj(k) =
∫ t+j

t−j

Uj
(
t+j , t; k

)
Jj(t, k)dt. (582)

Then

X+
j = Mj(k)X−

j + Nj(k). (583)

The transfer matrix must be derived from the transition dynamics.

It may not be selected independently at every wavenumber.

97 Thin-Limit Perturbation Matching

In the no-shell thin limit, the perturbations of the induced metric and extrinsic curvature should
remain continuous on the selected transition hypersurface.

Schematically,

[δhij ]j = 0, (584)

and

[δKij ]j = 0 (585)

when no perturbed surface stress is present.
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For a transition defined by a uniform-total-density hypersurface, these conditions commonly
imply continuity of

[ζ]j = 0 (586)

on sufficiently large scales under regular adiabatic conditions.

The Newtonian potential need not remain separately constant in every transition model.

Its matching depends on the transition hypersurface, anisotropic stress, and the equation-of-state
change.

The framework should therefore avoid assuming

[Φ]j = 0 (587)

without deriving the appropriate hypersurface conditions.

Limitation 97.1. Perturbation matching is not unique until the physical transition hypersurface is
specified. Matching on constant coordinate time, constant total density, constant field value, or
constant transition order parameter may produce different intermediate expressions.

98 Large-Scale Curvature Evolution and Entropy Sources

On scales much larger than the relevant sound horizon, the comoving curvature perturbation evolves
schematically as

Ṙ = − H

ρ+ p
δpnad + Sint + O

(
k2

a2H2

)
, (588)

where:

• δpnad is the nonadiabatic pressure perturbation; and

• Sint represents interaction and modified-sector sources.

The nonadiabatic pressure is

δpnad = δp− c2
aδρ, (589)

with

c2
a = ṗ

ρ̇
. (590)
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For an adiabatic single-clock transition,

δpnad ≈ 0 =⇒ Ṙ ≈ 0 (591)

on large scales.

The Triple Bounce transitions are multisector and may generate entropy perturbations.

Thus,

Ṙ ≠ 0 (592)

is allowed during the reversals.

The resulting curvature must nevertheless remain finite and observationally acceptable.

99 Outer-Reversal Perturbation Map

The outer transition changes the first outward Electro state into the second inward state. Its cause
remains unresolved, so the transfer law below is a general candidate parameterization rather than a
derived mechanism.

Its scalar transfer may be written as


R
SE

Ssc

Sch


+

O

= M(s)
O (k)


R
SE

Ssc

Sch


−

O

+ N
(s)
O (k), (593)

where:

• SE is an Electro entropy mode;

• Ssc is a scaffold-relative entropy mode; and

• Sch is a chasing-sector entropy mode.

A useful block form is

M(s)
O =

TO
RR TO

RS

TO
SR TO

SS

 . (594)

The outgoing curvature perturbation is

R+
O = TO

RRR−
O + TO

RSS
−
O +NO

R . (595)
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Regularity requires the complete scalar transfer matrix to remain finite,

∥∥∥M(s)
O (k)

∥∥∥ < ∞. (596)

Strong direct curvature preservation on large scales corresponds to

TO
RR ≈ 1. (597)

This is a benchmark, not a universal requirement. Common-state information may temporarily
occupy entropy or scaffold-correlated channels and later return to the curvature sector. The
transition may therefore convert entropy into curvature through

TO
RS ̸= 0. (598)

That conversion must not generate excessive scale dependence, non-Gaussianity, or anisotropy.

100 Second-Leg Propagation of the Matched State

The outer output becomes the initial condition for second-leg propagation:

X2(t+O) = X+
O . (599)

The linear second-leg solution is

X−
C = U2

(
t−C , t

+
O; k

)
X+

O + N2(k). (600)

Combining the outer reversal and second leg gives

X−
C = U2MOX

−
O + U2NO + N2. (601)

The second leg must preserve the regularity of:

{
R, SA, hλ,Φ,Ψ,W12,M(12)

ij

}
. (602)

The inward direction of Electro does not reverse the sign of cosmic time or conformal time.

The perturbation equations remain forward initial-value equations from

t+O −→ t−C . (603)
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101 Central-Reversal Perturbation Map

The central reversal has a broader observational burden than the outer reversal because it initiates
the third outward leg and candidate Electro–magnetism coupling. Its physical cause and microphysics
remain unresolved.

A viable central-transfer theory must connect the inherited two-pass state to a regular early-
third-leg perturbation state containing:

• scalar, tensor, vector, and entropy perturbations;

• effective radiation, scaffold, and chasing-sector fluctuations;

• any candidate electromagnetic-sector perturbations generated by coupling; and

• an inherited-web occupancy variable or distribution function.

This list does not require stable ordinary matter or a pair-rich phase to exist at the instant of
reversal. Stable matter organization may occur later during the third leg.

Define the central input vector

X−
C =

(
R−,S−,h−,V −,W12,P12,M(12)

ij , δf−
i

)T
. (604)

The central output vector is

X+
C =

(
R+,S+,h+,V +, δrad, δsc, δch, δem, δf

+
i

)T
. (605)

A candidate linearized transfer law is

X+
C = MC(k)X−

C + NC(k). (606)

The central matrix is not assumed to equal the outer matrix:

MC ̸≡ MO (607)

in the general formulation. The physical environments and required outputs differ, although
special limits may share individual transfer coefficients. Every coefficient must be derived from one
finite transition theory rather than fitted independently.
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102 Entropy-to-Curvature Conversion at the Central Reversal

The third-leg curvature perturbation may be decomposed as

R+
C = TC

RRR−
C + TC

RSS
−
C + TC

RWW12 +NC
R. (608)

The four terms represent:

1. direct transfer of precentral curvature;

2. conversion of entropy modes into curvature;

3. candidate transfer of scaffold-correlated retention into curvature; and

4. a transition-sourced curvature contribution.

The final scalar power spectrum is therefore

P+
R(k) =

〈∣∣∣R+
C(k)

∣∣∣2〉 . (609)

Expanding schematically,

P+
R =

∣∣∣TC
RR

∣∣∣2 P−
R + TC

RSP−
SST

C†
RS

+
∣∣∣TC

RW

∣∣∣2 PW + PNR + cross terms. (610)

The cross terms encode correlations among the incoming modes.

They cannot be omitted if the first and second legs create a correlated two-pass state.

A viable central transfer must yield:

small amplitude + near scale invariance + predominant adiabaticity

+ phase coherence + acceptable statistics.
(611)
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103 Adiabatic and Isocurvature Output

For each third-leg component i, define

ζi = −ψ −H
δρi
ρ̇i
. (612)

Relative-entropy perturbations are

Sij = 3 (ζi − ζj) . (613)

Purely adiabatic initial conditions satisfy

Sij = 0 (614)

for all relevant pairs.

The Triple Bounce transition need not produce exactly zero isocurvature. For visible modes,
however, the derived transfer must yield an observationally allowed fraction.

Define

βiso(k) = PS(k)
PR(k) + PS(k) . (615)

The required condition is

βiso(k) < βiso,max(k), (616)

where the bound depends on the isocurvature type and correlation with the adiabatic mode.

For visible modes, the derived central transfer must therefore place most of the observable
power in

Radiabatic (617)

while keeping correlated and uncorrelated isocurvature components below the applicable
bounds. Power assigned to unobserved sectors remains a physical claim and cannot be used as an
unconstrained sink.
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104 Shear and Anisotropy Matching

The shear evolution is

σ̇ij + 3Hσij = 8πG
c4 πaniso

ij , (618)

where πaniso
ij is the anisotropic stress.

Integrating across a finite transition gives

σ+
ij − σ−

ij =
∫ t+j

t−j

[
−3Hσij + 8πG

c4 πaniso
ij

]
dt. (619)

For a regular thin transition without surface anisotropic stress,

[σij ]j = 0. (620)

If a surface anisotropic stress exists, then the shear may acquire a finite jump proportional to
its integrated strength.

Define a normalized transition anisotropy impulse,

J (j)
σ = 8πG

c4Hj

∫ t+j

t−j

πaniso(t)dt. (621)

A controlled transition requires

∣∣∣J (j)
σ

∣∣∣ ≪ 1 (622)

on the homogeneous and largest observable scales.

The multipass nature of the Triple Bounce may generate preferred directions.

Those directions must average or transfer in a manner consistent with

Ω+
σ,C ≪ 1. (623)
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105 Tensor and Vector Transfer

The tensor modes satisfy a transition equation of the form

h′′
λ + 2Hh′

λ +
(
c2
Tk

2 + a2m2
T

)
hλ = ΠT

λ , (624)

where:

• λ ∈ {+,×} labels polarization;

• H = a′/a is the conformal Hubble rate;

• cT is the tensor propagation speed;

• mT is an effective tensor mass if present; and

• ΠT
λ is transverse-traceless anisotropic stress.

The tensor transfer is

X+
T,j = MT,j(k)X−

T,j + NT,j(k). (625)

The two reversals may source tensor power.

The combined output must satisfy

P(3)
T (k) < PT,max(k). (626)

Vector perturbations may be written schematically as

V +
j = MV,j(k)V −

j + NV,j(k). (627)

Because multipass pathways and dynamo junctions may generate rotational structure, the
vector source need not vanish.

It must nevertheless remain compatible with the observed near-isotropy of the early third leg.
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106 Transition Stability Conditions

A regular background solution is insufficient if the perturbations are unstable.

For a general quadratic perturbation action,

S(2) = 1
2

∫
dt d3x a3

[
q̇TKq̇ − 1

a2 (∇q)T G (∇q) − qTM2q

]
, (628)

where q contains the independent perturbation modes.

106.1 No-ghost condition

The kinetic matrix must be positive definite:

λa (K) > 0 (629)

for every physical degree of freedom.

106.2 No gradient instability

The eigenvalues of

C2
s = K−1G (630)

must satisfy

c2
s,a ≥ 0. (631)

106.3 Controlled tachyonic behavior

A negative effective mass squared may be temporarily allowed if the growth time exceeds the
transition duration or if the instability is the controlled mechanism ending a metastable state.

It must not produce uncontrolled amplification:

∥Mj(k)∥ < ∞. (632)
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106.4 Invertibility

A deterministic linear transition should possess a finite-rank transfer map over the retained physical
modes.

A useful diagnostic is

det Mj(k). (633)

A vanishing determinant may represent physical mode loss, dissipation, or projection into
untracked sectors.

It must be explained rather than ignored.

A large condition number,

κ (Mj) ≫ 1, (634)

indicates extreme sensitivity to initial data and numerical error.

107 Combined Transfer Across Both Reversals

The complete linear transfer from the first-leg outer input to the third-leg central output is

X+
C = MCU2MOX

−
O + Ntot, (635)

where

Ntot = MCU2NO + MCN2 + NC. (636)

Define the total transfer matrix

M123 = MCU2MO. (637)

Then

X+
C = M123(k)X−

O + Ntot(k). (638)

The observable output depends on the ordered product.

In general,
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MCU2MO ̸= MOU2MC. (639)

The sequence of the reversals is physically meaningful.

108 Complete Background Curvature Budget

For standard classical background evolution with fixed k, the complete curvature transfer from the
first resolved post-singularity boundary to the start of the third leg is

T
(res→3)
k = exp

{
2
∫ N+

C

Nres
[ϵH(N) − 1] dN

}
. (640)

This may be decomposed as

T
(res→3)
k = T

(1)
k T

(O)
k T

(2)
k T

(C)
k . (641)

Therefore,

∣∣∣Ω+
k,C

∣∣∣ = T
(1)
k T

(O)
k T

(2)
k T

(C)
k |Ωk,res| . (642)

In a smooth thin-transition limit,

T
(O)
k ≈ 1, T

(C)
k ≈ 1, (643)

so the dominant background change occurs during the extended legs.

The final curvature condition is

∣∣∣Ω+
k,C

∣∣∣ < Ω(3)
k,max. (644)

This condition must be satisfied by the same background used in the horizon calculation.
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109 Matching Toy Models

The first computational matching study should contain four increasingly complete models.

109.1 Model A: continuous adiabatic matching

Assume:

[a]j = 0, [H]j = 0, [R]j = 0, Sj = 0. (645)

This provides the simplest no-shell benchmark.

109.2 Model B: entropy conversion

Permit

Sj ̸= 0, T
(j)
RS ̸= 0. (646)

This tests whether the transitions can generate an acceptable curvature spectrum from inherited
sector differences.

109.3 Model C: inherited scaffold conversion

Include

TC
RW ̸= 0. (647)

This tests whether a coarse-grained scaffold-correlated retention field can seed third-leg curvature
without excessive anisotropy.

109.4 Model D: full finite-width multisector transition

Solve the coupled background and perturbation equations across both finite intervals.

The model should include:

• time-dependent sector energy transfer;

• time-dependent kinetic and gradient matrices;

• nonadiabatic pressure;

• anisotropic stress;
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• radiation and matter production;

• scaffold-memory transfer; and

• scalar, vector, and tensor outputs.

Model D is the first level capable of supporting a complete candidate realization.

110 Central Boundary and Thermal Initial States

The central reversal supplies the earliest resolved third-leg boundary state,

I+
C . (648)

This state contains the background, sector, and perturbation data required to continue the
theory beyond the reversal. A schematic minimum is

I+
C =

{
a+

C , H
+
C , Ḣ

+
C ,Ω

+
k,C, σ

+
ij,C,

ρE , ρDM, ρch, ρother,

Rk, SA,k, hλ,k, VA,k,

Φk,Ψk,W12,P12,M(12)
ij

}
.

(649)

The central boundary state need not yet contain a conventional photon, baryon, neutrino, or
stable-matter inventory. Those variables enter the earliest standard thermal state only after the
derived handoff,

Ith = Hth
[
I+

C

]
. (650)

A minimum thermal state includes

Ith =
{
ath, Hth,Ωk,th, σij,th,

ργ , ρb, ρDM, ρch, ρother,

pγ , pb, pDM, pch, pother,

δi(k), θi(k), fi(x,p)
}
.

(651)

The central boundary must satisfy the appropriate background constraint, for example

H+ 2
C = 8πG

3 ρ+
tot,C − kc2

a+ 2
C
, (652)
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along with the perturbative constraints of the derived sector theory. The thermal state must
separately satisfy the standard species constraints at the first integration time for which the
Einstein–Boltzmann description is valid.

The required qualitative conditions are therefore staged:

H+
C > 0,

∣∣∣Ω+
k,C

∣∣∣ < ∞, Ω+
σ,C < ∞,

Hth > 0, ργ,th > 0, βiso(k) < βiso,max(k),

PR(k) lies in the observationally viable region.

(653)

Neither state is free input. The central boundary is the output of the first two legs and both
reversals; the thermal state is the output of a physical handoff that Paper II requires but does not
yet derive.

111 Matching-Realization Rejection Criteria

The tested matching realization is rejected or requires a new version if any of the following is
unavoidable. Architecture-level rejection requires showing that the conflict follows from the defining
transition postulates rather than from the selected matching law.

1. The induced metric becomes discontinuous without a defined surface geometry.

2. The Hubble rate jumps without a corresponding surface stress or modified junction law.

3. The homogeneous curvature fraction is assigned an arbitrary instantaneous jump despite
continuous a, H, and fixed k.

4. The total stress–energy tensor is not conserved across either transition.

5. The outer and central reversals are represented by one identical unconstrained transfer matrix.

6. The perturbation matching depends on an unspecified transition hypersurface.

7. The transfer matrix diverges for observable modes.

8. The kinetic matrix develops a ghost.

9. The gradient matrix produces an uncontrolled instability.

10. The transition generates excessive tensor, vector, or anisotropic power.

11. The derived central transfer places the inherited common state primarily in isocurvature rather
than the observed adiabatic mode.

12. The output scalar spectrum requires a separately chosen transfer function at every wavenumber.

13. The correlation prepared during the first leg is erased at the outer or central transition.
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14. The second-leg propagator produces singular growth.

15. The third-leg initial state violates the Friedmann or perturbative constraint equations.

16. The background used for curvature matching differs from the background used for the horizon
calculation.

17. Near-flatness is obtained only by introducing an unmotivated surface layer.

18. No derived thermal handoff produces a viable radiation-rich hot state.

112 Formal Summary of Reversal Matching

The directional reversals are

ṘE : + → − and − → +, (654)

while the baseline metric condition is

H > 0 through both transitions. (655)

For a no-shell thin transition,

[hab]j = 0, [Kab]j = 0. (656)

For the homogeneous background, this implies

[a]j = 0, [H]j = 0. (657)

With fixed k,

[Ωk]j = 0 (658)

in the regular thin limit.

The finite-width perturbation map is

X+
j = Mj(k)X−

j + Nj(k). (659)

The full two-reversal transfer is

X+
C = MCU2MOX

−
O + Ntot. (660)
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The complete background curvature transfer is

∣∣∣Ω+
k,C

∣∣∣ = T
(1)
k T

(O)
k T

(2)
k T

(C)
k |Ωk,res| . (661)

The third-leg scalar curvature output is

R+
C = TC

RRR−
C + TC

RSS
−
C + TC

RWW12 +NC
R. (662)

The required endpoint is

regular background + near-flat geometry + small shear

+ stable perturbations + radiation-rich third-leg state.
(663)

The decisive transition question is therefore

Can both sectoral reversals preserve geometric regularity while converting the

inherited two-pass state into acceptable third-leg background and perturbation data?
(664)

113 Near-Flatness Without Identifying the First Leg as Inflation

The purpose of this section is to determine whether the Triple Bounce history can account for
observed near-flatness without simply renaming the first outward Electro leg as inflation.

The distinction is physical and mathematical.

The first leg is defined by

Ṙ
(1)
E > 0. (665)

Inflation is defined by accelerated metric expansion,

ä > 0, (666)

or equivalently,

ϵH < 1. (667)

These conditions are not equivalent:
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Ṙ
(1)
E > 0 ̸⇒ ϵ

(1)
H < 1. (668)

The Triple Bounce flatness problem must therefore be addressed through one or more of the
following:

I. balanced singular-opening boundary conditions;

II. curvature preservation across the hidden history;

III. limited intervals of accelerated metric expansion;

IV. a derived nonstandard curvature-transfer mechanism;

V. a transition mechanism that changes the effective geometric state; or

VI. a combination of these effects.

The model may not claim curvature suppression solely from the directional motion of Electro.

The full question is

Can a naturally generated near-flat state survive the complete three-leg history

and remain compatible with the background used for the horizon candidate resolution?
(669)

114 Complete Curvature Transfer to the Present

For a classical Friedmann–Lemaître–Robertson–Walker background with fixed spatial-curvature
index k, the curvature fraction is

Ωk = − kc2

a2H2 . (670)

Its logarithmic evolution is

d ln |Ωk|
dN = 2 (ϵH − 1) , (671)

where

ϵH = − Ḣ

H2 . (672)

The transfer from the first resolved post-singularity spacetime boundary to the present is

154



|Ωk,0| = T
(res→0)
k |Ωk,res| , (673)

with

T
(res→0)
k = exp

{
2
∫ N0

Nres
[ϵH(N) − 1] dN

}
. (674)

The transfer may be decomposed as

T
(res→0)
k = T

(1)
k T

(O)
k T

(2)
k T

(C)
k T

(3)
k . (675)

Thus,

|Ωk,0| = T
(1)
k T

(O)
k T

(2)
k T

(C)
k T

(3)
k |Ωk,res| . (676)

The present observational requirement is represented by

|Ωk,0| < Ωmax
k,obs. (677)

Therefore, the resolved boundary curvature must satisfy

|Ωk,res| <
Ωmax
k,obs

T
(1)
k T

(O)
k T

(2)
k T

(C)
k T

(3)
k

. (678)

This equation exposes the total flatness burden.

If the total transfer factor is large, the boundary curvature must be correspondingly smaller.

115 A Conditional No-Suppression Result

A useful constraint follows directly from the standard curvature evolution equation.

Proposition 115.1 (No suppression under everywhere-decelerating expansion). Assume that the
classical Triple Bounce background satisfies:

(i) H > 0 throughout the relevant interval;

(ii) the spatial-curvature index k remains fixed;

(iii) the standard Friedmann–Lemaître–Robertson–Walker curvature relation remains valid; and

(iv) ϵH ≥ 1 throughout the interval.

Then the magnitude of the curvature fraction cannot decrease during that interval.
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Proof. From

d ln |Ωk|
dN = 2 (ϵH − 1) , (679)

and

ϵH − 1 ≥ 0, (680)

it follows that

d ln |Ωk|
dN ≥ 0. (681)

Because H > 0, the e-fold variable N = ln a increases with time. Therefore,

|Ωk(tb)| ≥ |Ωk(ta)| (682)

for tb > ta within the specified interval.

The proposition has an immediate consequence.

If the first leg, outer transition, second leg, and central transition are all globally expanding
and everywhere satisfy

ϵH ≥ 1, (683)

then the hidden history does not dynamically suppress the standard curvature fraction.

Near-flatness must then come primarily from:

• a sharply concentrated singular-opening boundary distribution;

• a later accelerated interval;

• modified geometric evolution; or

• a transition that changes the assumptions of the proposition.

The inward direction of the second-leg Electro sector does not alter this result.
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116 Balanced-Boundary Naturalness

The balanced-boundary proposal states that the pre-singularity state preferentially maps into a
nearly flat classical geometry.

Let

λpre = (ϵasym, α1, α2, . . . , αn) (684)

denote the parameters characterizing the pre-singularity state.

The boundary map is

Ωk,res = Kres (λpre) . (685)

Define the successful pre-singularity set

Bpre
flat =

{
λpre : |Ωk,0 (λpre)| < Ωmax

k,obs

}
. (686)

The total allowed pre-singularity parameter domain is

Bpre. (687)

Given a measure µpre, define the near-flat basin fraction

fflat = µpre (Bpre
flat)

µpre (Bpre)
. (688)

A broad natural basin corresponds to

fflat ̸≪ 1. (689)

A sharply tuned basin corresponds to

fflat ≪ 1. (690)

A logarithmic tuning diagnostic is

Fflat = − ln fflat. (691)

Larger values indicate a smaller successful basin.
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Limitation 116.1. The numerical value of a naturalness fraction depends on the measure chosen
over pre-singularity states. The framework must therefore report the measure and test whether its
conclusions remain stable under reasonable alternatives.

117 Symmetry Protection and Curvature Concentration

Suppose the balanced state is invariant under a transformation

G : Ψ0 −→ Ψ0. (692)

Let the asymmetry variable transform as

ϵasym −→ −ϵasym. (693)

If the resolved boundary curvature is invariant under this transformation, then

Ωk,res (ϵasym) = Ωk,res (−ϵasym) . (694)

The leading odd response vanishes:

K1 = 0. (695)

The expansion becomes

Ωk,res = K0 +K2ϵ
2
asym +K4ϵ

4
asym + · · · . (696)

If the exact balanced mode additionally satisfies

K0 = 0, (697)

then

Ωk,res ≈ K2ϵ
2
asym. (698)

For an asymmetry distribution with variance

σ2
ϵ =

〈
ϵ2asym

〉
, (699)

the characteristic resolved boundary curvature is approximately
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|Ωk,res|char ∼ |K2|σ2
ϵ . (700)

The present curvature is then

|Ωk,0|char ∼ T
(res→0)
k |K2|σ2

ϵ . (701)

The observational condition becomes

σ2
ϵ <

Ωmax
k,obs

T
(res→0)
k |K2|

. (702)

This formulation converts the qualitative balanced-state proposal into a constraint on the width
of the pre-singularity asymmetry distribution.

118 Second-Leg Curvature Evolution

During the second leg,

Ṙ
(2)
E < 0, (703)

while the baseline global background satisfies

H2 > 0. (704)

The background curvature transfer remains

T
(2)
k = exp

{
2
∫ N−

C

N+
O

[
ϵ
(2)
H (N) − 1

]
dN

}
. (705)

The second leg suppresses curvature only when

∫ N−
C

N+
O

[
ϵ
(2)
H (N) − 1

]
dN < 0. (706)

Equivalently, the e-fold-weighted average must satisfy

〈
ϵ
(2)
H

〉
N
< 1. (707)

The inward Electro trajectory does not by itself create this condition.

Thus,
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Ṙ
(2)
E < 0 ̸⇒ T

(2)
k < 1. (708)

If the chasing sector dominates the global background during the second leg, it may produce

ϵ
(2)
H < 1. (709)

In that case, the metric background is accelerated even though the active Electro sector moves
inward.

This would be a distinctive sectoral configuration:

Ṙ
(2)
E < 0, ä2 > 0. (710)

It would suppress curvature through an inflation-like geometric mechanism, but during the
inward sectoral leg rather than through an identification of the first leg with inflation.

119 Third-Leg Curvature Growth

The central transition supplies the initial curvature for the observable third leg:

Ω+
k,C. (711)

Its evolution to the present is

|Ωk,0| = T
(3)
k

∣∣∣Ω+
k,C

∣∣∣ , (712)

where

T
(3)
k = exp

{
2
∫ N0

N+
C

[
ϵ
(3)
H (N) − 1

]
dN

}
. (713)

During radiation domination,

ϵH = 2, (714)

and therefore

|Ωk| ∝ a2. (715)

During matter domination,
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ϵH = 3
2 , (716)

and therefore

|Ωk| ∝ a. (717)

During a sufficiently accelerated late-time interval,

ϵH < 1, (718)

the curvature fraction decreases.

The net third-leg transfer depends on the complete expansion history.

The required central-output curvature is

∣∣∣Ω+
k,C

∣∣∣ < Ωmax
k,obs

T
(3)
k

. (719)

Because radiation- and matter-dominated intervals amplify |Ωk|, the third-leg initial curvature
generally must be smaller than the present observational bound.

120 Limited Accelerated Subintervals

The first Electro leg need not be identical to inflation in order to contain a period of accelerated
metric expansion.

Let

Iacc ⊂ I1 ∪ IO ∪ I2 ∪ IC (720)

be the subset over which

ϵH < 1. (721)

Define the effective curvature-suppression exponent

Ak = 2
∫

Iacc
(1 − ϵH) dN. (722)

The accelerated subinterval contributes
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Tk,acc = e−Ak . (723)

The decelerating intervals contribute

Dk = 2
∫

Idec
(ϵH − 1) dN, (724)

with

Tk,dec = eDk . (725)

The net pre-third-leg transfer is

T
(pre3)
k = exp (Dk − Ak) . (726)

Net curvature suppression occurs when

Ak > Dk. (727)

This formulation allows a mixed history.

The first leg as a whole remains a broader Electro construction phase, while a limited metric
subinterval performs part of the curvature suppression.

The terminology must remain precise:

The full first leg is not inflation, but a metric subinterval with

ϵH < 1 is inflationary in the geometric sense.
(728)

121 Noninflationary Preservation

A different possibility is that the boundary map produces sufficiently small curvature and the hidden
legs approximately preserve it.

Preservation requires

T
(pre3)
k ≈ 1. (729)

This occurs when
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∫ N+
C

Nres
(ϵH − 1) dN ≈ 0. (730)

One simple realization is a near-coasting background,

ϵH ≈ 1, (731)

or equivalently,

weff ≈ −1
3 . (732)

Another possibility is cancellation between curvature-growing and curvature-suppressing inter-
vals:

Dk ≈ Ak. (733)

Such cancellation may be dynamical or tuned.

The distinction can be tested through parameter sensitivity.

If a small change in one duration or equation-of-state parameter produces

|∆ ln |Ωk,0|| ≫ 1, (734)

then the preservation is fragile.

A robust preservation mechanism requires a finite neighborhood of parameters for which

|Ωk,0| < Ωmax
k,obs. (735)

122 Modified Curvature Transfer

If the effective gravitational equations differ from standard general relativity during the hidden
history, the curvature evolution may take the form

d ln |Ωk|
dN = 2 (ϵH − 1) + Sk. (736)

Here,

Sk = Sk (Electro, scaffold, chasing sector, geometry) (737)
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is a derived modification.

The integrated transfer becomes

Tk,mod = exp
{∫

[2 (ϵH − 1) + Sk] dN
}
. (738)

Curvature suppression in a decelerating interval requires

Sk < −2 (ϵH − 1) (739)

on average.

A physically acceptable source must satisfy:

1. it follows from a covariant action or equivalent closed field equations;

2. it respects total energy–momentum conservation;

3. it has a well-defined standard-gravity limit;

4. it does not introduce a ghost;

5. it does not introduce a gradient instability;

6. it does not generate unacceptable anisotropy;

7. it is not chosen independently at every time; and

8. it produces testable consequences beyond the desired curvature suppression.

The symbol Sk therefore denotes unresolved derived dynamics, not an available free function.

123 Transition-Assisted Curvature Control

The finite outer and central transitions may influence curvature through their background equations.

For transition j,

T
(j)
k = exp

{
2
∫

Ij

[ϵH − 1] dN
}

(740)

in the standard classical regime.

If a transition is short in e-fold time,

|∆Nj | ≪ 1, (741)

then ordinarily
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T
(j)
k ≈ 1. (742)

A short smooth reversal therefore cannot provide enormous curvature suppression unless

|ϵH − 1| (743)

becomes correspondingly large or the standard evolution law breaks down.

Such behavior must be tested for:

• finite energy density;

• finite pressure;

• finite Ḣ;

• perturbative stability;

• absence of a hidden surface layer; and

• compatibility with the hot-state handoff.

The central transition may reorganize perturbative curvature,

R− −→ R+, (744)

without changing the homogeneous spatial-curvature index.

The model must not confuse:

Ωk ̸= R. (745)

The former describes homogeneous background curvature.

The latter describes scalar curvature perturbations.

124 Horizon–Flatness Compatibility

The horizon and flatness calculations depend on the same background history.

The causal integral is

χcausal =
∫
ceff(t)
a(t) dt, (746)

while the curvature transfer is
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lnTk = 2
∫

(ϵH − 1) dN. (747)

A proposed scale-factor history must be inserted into both equations.

Define the joint success region

Vjoint =
{
θ : Qhor(θ) ≥ 1 and |Ωk,0(θ)| < Ωmax

k,obs

}
. (748)

Here, θ contains the common background and transition parameters.

A viable incomplete-history model requires

Vjoint ̸= ∅. (749)

A robust model requires more:

µ (Vjoint) > 0 (750)

under the stated parameter measure.

A background that meets the flatness requirement but fails the horizon test is insufficient.

A background that meets the horizon requirement but amplifies curvature beyond the observa-
tional limit is also insufficient.

124.1 Preparation versus stretching

Inflation addresses horizon and flatness through one accelerated background mechanism.

The Triple Bounce model may divide the functions:

first and second legs −→ causal preparation and structural memory,

balanced boundary or limited acceleration −→ near-flatness.
(751)

This division is acceptable only if the mechanisms operate on one consistent solution.
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125 Curvature, Conformal Time, and Competing Requirements

The same expansion history may affect conformal reach and curvature in different ways.

During a rapidly accelerated interval,

|Ωk| (752)

can be strongly suppressed.

However, the forward comoving distance accumulated over a fixed post-boundary interval,

∆χ =
∫
ceff
a

dt, (753)

may approach a finite value as a(t) grows rapidly.

Inflation addresses the horizon problem by stretching an initially connected domain rather than
by requiring unlimited future-directed conformal propagation during inflation.

The Triple Bounce proposal may combine:

• direct first-leg causal propagation;

• shared boundary-state correlation;

• second-leg repeated contact;

• scaffold-correlated retention;

• limited accelerated stretching; and

• central conversion into third-leg perturbations.

The contribution of each effect must be separated.

A large causal integral should not be claimed from accelerated expansion without calculation.

Likewise, curvature suppression should not be claimed from a long causal history without
evaluating ϵH .

126 Parameter Sensitivity

Let

θk = (ϵasym,K2,∆N1,∆N2,∆Nacc, ϵ̄1, ϵ̄2, τO, τC, . . .) (754)

denote the parameters controlling the curvature history.
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Define the logarithmic sensitivity of the present curvature to parameter θa as

∆(k)
a =

∣∣∣∣∂ ln |Ωk,0|
∂ ln |θa|

∣∣∣∣ . (755)

A maximum local sensitivity measure is

∆(k)
max = max

a
∆(k)
a . (756)

Large values,

∆(k)
max ≫ 1, (757)

indicate that small fractional changes in a parameter produce large fractional changes in the
curvature output.

A finite basin may still be narrow even when no single local derivative is extremely large.

Therefore, both the local sensitivity and the global basin fraction fflat should be reported.

126.1 Transition sensitivity

The sensitivity to the reversal widths is

∆(k)
τO =

∣∣∣∣∂ ln |Ωk,0|
∂ ln τO

∣∣∣∣ , (758)

∆(k)
τC =

∣∣∣∣∂ ln |Ωk,0|
∂ ln τC

∣∣∣∣ . (759)

These quantities test whether near-flatness depends on precisely timed reversals.

127 Scenario Classification

The table separates the physical possibilities that could otherwise be blurred together under the
phrase the first leg explains flatness.
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Table 3: Principal Triple Bounce near-flatness scenarios.

Scenario Primary mechanism Metric status Main scientific
burden

Balanced-
boundary model

Pre-singularity symmetry
concentrates resolved
boundary curvature near
zero.

Hidden legs may
remain
noninflationary.

Derive the boundary
measure and show a
broad near-flat
basin.

Preservation
model

The total hidden-history
curvature transfer remains
close to unity.

Approximately
coasting or
dynamically
balanced.

Show that
preservation is stable
rather than finely
canceled.

First-leg
accelerated
subinterval

A limited part of the first
leg suppresses curvature.

That subinterval is
inflationary in the
metric sense.

Derive its cause,
duration, and
compatibility with
the broader Electro
leg.

Second-leg
accelerated
background

The chasing sector
accelerates the metric while
Electro moves inward.

Inflation-like
geometry with inward
sector motion.

Derive the sector
interactions and
observational
consequences.

Transition-
assisted model

Finite reversal dynamics
suppress the curvature
fraction.

Depends on transition
equation of state.

Avoid singular stress,
instability, and
arbitrary jumps.

Modified-
curvature model

A derived source Sk
changes standard curvature
evolution.

Nonstandard
gravitational regime.

Provide a covariant
stable theory and
recover general
relativity.

Hybrid model Boundary suppression,
preservation, and limited
acceleration cooperate.

Mixed. Prevent excess
parameter freedom
and retain a
distinctive
prediction.
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128 Numerical Evaluation Program

The first numerical flatness study should proceed through a common background integration.

128.1 Step 1: specify the boundary ensemble

Choose a parameterized distribution

P (λpre) . (760)

Map each sample into

{Ωk,res,Ωσ,res, ares, Hres} . (761)

128.2 Step 2: solve one continuous background

Integrate

{a(t), H(t), ρi(t), pi(t), Qi(t)} (762)

across:

I1, IO, I2, IC, I3. (763)

128.3 Step 3: calculate curvature transfer

Evaluate

T
(res→0)
k = exp

{
2
∫ N0

Nres
(ϵH − 1) dN

}
. (764)

When modified dynamics are used, include the derived source Sk.

128.4 Step 4: calculate the horizon statistic

Using the same a(t), compute

Qhor = 2χ(123)
ret

∆χmax
. (765)
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128.5 Step 5: impose joint acceptance

Accept a sample only when

Qhor ≥ 1 (766)

and

|Ωk,0| < Ωmax
k,obs. (767)

Later perturbative acceptance must also require:

{PR, βiso,PT , fNL} ∈ Vobs. (768)

128.6 Step 6: map the successful basin

Report:

• fflat;

• the joint horizon–flatness basin fraction;

• ∆(k)
max;

• which interval dominates curvature growth;

• which interval dominates curvature suppression; and

• which assumptions control the result.

129 Observational Distinction and Degeneracy

A successful near-flatness mechanism may still be observationally degenerate with inflation.

The measured value of

Ωk,0 (769)

alone does not reveal how the small value originated.

Potential historical distinctions may arise through correlations among:

• residual curvature;

• large-scale power suppression or enhancement;
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• statistical anisotropy;

• isocurvature;

• tensor power;

• transition-generated oscillatory features;

• inherited-web phase correlations; and

• late-time expansion parameters.

A generic joint signature may be written as

Oflat,TB = O (Ωk,0,PR(k), g∗(k), βiso(k),PT (k)) . (770)

The model should not treat a curvature value consistent with zero as direct evidence for the
Triple Bounce history.

Near-flatness is a recovery requirement.

Historical confirmation requires additional nondegenerate structure.

130 Near-Flatness-Claim Rejection Criteria

The Triple Bounce near-flatness explanation fails or requires revision if any of the following conditions
is unavoidable.

1. No explicit singular-opening boundary law or statistical prescription constrains the resolved
boundary curvature.

2. The curvature distribution has a small mean but a broad variance.

3. The successful boundary basin has effectively zero measure under every reasonable stated
measure.

4. The hidden history is everywhere decelerating under standard Friedmann–Lemaître–Robertson–
Walker dynamics, strongly amplifies curvature, and supplies no explanation for the required
extremely small boundary value.

5. The model claims that inward or outward Electro motion directly suppresses Ωk without
deriving the metric effect.

6. A long interval satisfies ϵH < 1, but the framework avoids the term inflation only by semantic
reclassification.

7. A limited accelerated interval is introduced with no dynamical cause or transition into and
out of it.
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8. The second leg amplifies curvature beyond recovery.

9. The reversals produce arbitrary jumps in homogeneous curvature despite continuous a, H,
and fixed k.

10. A modified source Sk is selected specifically to cancel curvature growth but is not derived
from a consistent theory.

11. The near-flat solution contains a ghost, gradient instability, divergent pressure, or divergent
anisotropic stress.

12. The curvature result uses a different background from the horizon result.

13. The joint horizon–flatness success region is empty.

14. The joint success region exists only at an isolated measure-zero point.

15. The present curvature is acceptable only after extreme cancellation among independently
tuned intervals.

16. The central-output curvature violates the third-leg observational requirement after radiation-
and matter-era growth.

17. The model confuses homogeneous curvature Ωk with the scalar perturbation R.

18. No distinctive observable remains after fitting the same background and perturbation data as
inflation.

131 Formal Summary of the Near-Flatness Test

The complete curvature transfer is

|Ωk,0| = T
(1)
k T

(O)
k T

(2)
k T

(C)
k T

(3)
k |Ωk,res| . (771)

The standard evolution law is

d ln |Ωk|
dN = 2 (ϵH − 1) . (772)

Therefore,

H > 0 and ϵH ≥ 1 =⇒ d|Ωk|
dt ≥ 0 (773)

under standard fixed-k Friedmann–Lemaître–Robertson–Walker evolution.

The balanced-boundary requirement is
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P (Ωk,res) must be concentrated near zero. (774)

A symmetry-protected response may be

Ωk,res ≈ K2ϵ
2
asym, (775)

but it must be derived from the pre-singularity theory.

A limited accelerated contribution is

Tk,acc = exp
[
−2
∫

Iacc
(1 − ϵH) dN

]
. (776)

A modified-curvature alternative is

d ln |Ωk|
dN = 2 (ϵH − 1) + Sk, (777)

where Sk must be derived rather than freely chosen.

The present observational requirement is

|Ωk,0| < Ωmax
k,obs. (778)

The joint horizon–flatness requirement is

Qhor ≥ 1 and |Ωk,0| < Ωmax
k,obs (779)

for the same background solution.

The decisive conclusion is

A noninflationary hidden history may preserve near-flatness,

but standard decelerating expansion cannot dynamically suppress

the curvature fraction without a sufficiently flat boundary,

an accelerated subinterval, or derived modified dynamics.

(780)
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132 Flatness Decision Status

The Triple Bounce framework now possesses a precise flatness decision tree.

1. Derive the pre-singularity curvature distribution.

2. Determine whether the balanced state suppresses the leading curvature response.

3. Propagate the complete boundary ensemble through the first leg.

4. Match the background regularly across the outer reversal.

5. Propagate curvature through the globally expanding second leg.

6. Match the background regularly across the central reversal.

7. Propagate the resulting curvature through the observable third leg.

8. Calculate the full present distribution of Ωk,0.

9. Evaluate the near-flat basin fraction and parameter sensitivity.

10. Use the same solutions to calculate Qhor.

11. Reject solutions that fail either the horizon or flatness condition.

12. Determine whether the surviving solutions require metric acceleration.

13. Classify any accelerated interval honestly as inflationary in the geometric sense.

14. Identify any residual observable that distinguishes the surviving history from standard infla-
tionary preparation.

The incomplete-history proposal has therefore not assumed a flatness solution.

It has defined the conditions under which one could exist.

133 Central Perturbation Matching

The central reversal is the decisive perturbative transition in the Triple Bounce framework.

The first two legs may establish:

• large-scale causal correlation;

• a persistent scaffold;

• counter-directed Electro history;

• entropy and relative-density modes;

• tensor and vector excitations;
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• directional memory; and

• a nonequilibrium central state.

None of these quantities is directly observable in its precentral form.

The central transition must convert them into the perturbation variables that govern the
third-leg radiation, matter, and metric evolution.

The fundamental map is

TC : I−
C −→ I+

C . (781)

The incoming state contains the two-pass inherited history,

I−
C =

{
g−
µν , T

−
µν ,Electro−,W12,P12,M(12)

ij , δX−
A ,Π

−
A, . . .

}
. (782)

The outgoing state must contain acceptable third-leg perturbations,

I+
C = {Rk, SA,k, hλ,k, VA,k, δi, θi,Φ,Ψ, . . .} . (783)

A viable transition must satisfy two simultaneous requirements:

preserve sufficient information from the hidden history,

erase or suppress observationally unacceptable information.
(784)

Complete erasure would eliminate the distinctive Triple Bounce history.

Complete preservation would likely retain excessive anisotropy, isocurvature, or multipass
structure.

The transition must therefore be selective.

134 The Inherited Two-Pass Perturbation State

The state immediately before the central transition may be decomposed into four perturbative
sectors:

X−
C =

(
X−

geom,X
−
matter,X

−
memory,X

−
transition

)T
. (785)

The geometric sector contains

X−
geom =

(
R−,Φ−,Ψ−, h−

λ , V
−
A

)
. (786)
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The effective matter and energetic sector contains

X−
matter = (δρE , δρsc, δρch, δpE , δpsc, δpch, θE , θsc, θch) . (787)

The memory sector contains

X−
memory =

(
W12,P12,M(12)

ij

)
. (788)

The transition sector contains the variables that control the reversal,

X−
transition = (δΞC,ΠΞC , δΓC, . . .) , (789)

where ΞC is a provisional central-transition order parameter and ΓC represents one or more
effective interaction rates.

The two-pass state may contain nonzero cross-correlations:

〈
X−
A (k)X−∗

B (k′)
〉

̸= 0 (790)

for variables belonging to different sectors.

These cross-correlations are part of the inherited history.

They must be included in the outgoing covariance matrix.

135 Effective Multisector Perturbation Action

For the perturbative action in this section, natural units

c = ℏ = 1 (791)

are used.

Let

q = (q1, q2, . . . , qN )T (792)

contain the independent scalar perturbation variables after the constraint variables have been
eliminated.

A general quadratic action is

S(2)
s = 1

2

∫
dt d3x a3

[
q̇TKq̇ − 1

a2∂iq
TG∂iq − qTM2q + 2q̇TBq

]
. (793)
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Here:

• K is the kinetic matrix;

• G is the gradient matrix;

• M2 is the effective mass matrix; and

• B describes derivative mixing.

All matrices may depend on

(t, k,Electro,W12,ΞC, ρi, pi) . (794)

The canonical momentum is

Π = ∂L(2)

∂q̇
= a3 (Kq̇ + Bq) . (795)

The phase-space state is

Y =
(
q

Π

)
. (796)

Its linear evolution is

dY
dt = A(t, k)Y . (797)

The central transfer matrix is the corresponding time-ordered evolution operator:

MC(k) = T exp
[∫ t+C

t−C

A(t, k)dt
]
. (798)

This construction ensures that the transfer matrix is derived from one transition theory rather
than independently selected at each scale.

136 Canonical Normalization and Regularity

The kinetic matrix must be positive definite:

λa (K) > 0. (799)

A canonical basis may be introduced through a matrix L satisfying
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K = LTL. (800)

Define canonically normalized variables

v = a3/2Lq. (801)

The mode equation takes the schematic form

v′′
k +

[
k2C2

s + Ω2(η, k)
]
vk = 0, (802)

where C2
s is the matrix of effective propagation speeds and Ω2 contains background, mass, and

mixing terms.

Regularity requires:

∥K∥ < ∞,
∥∥∥K−1

∥∥∥ < ∞,
∥∥∥Ω2

∥∥∥ < ∞ (803)

through the central transition.

If an eigenvalue of K passes through zero, the quadratic description becomes strongly coupled
or singular.

Such a crossing requires a nonlinear or alternative description.

It cannot be ignored within the linear transfer calculation.

137 Selection of the Central Transition Hypersurface

Perturbation matching depends on the physical hypersurface defining the transition.

Let the central transition be triggered when a scalar condition

F (xµ, XA) = 0 (804)

is satisfied.

The transition hypersurface is

ΣC : F = 0. (805)

Candidate physical choices include:

• uniform total density;
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• uniform Electro compression;

• constant transition-order parameter;

• constant interaction rate;

• constant effective temperature;

• constant central potential; or

• another invariant condition derived from the microphysics.

A perturbation in the transition time is

δtC = −δF

Ḟ
. (806)

Spatial variation in δtC can itself generate curvature.

For example, a transition occurring at slightly different times in different regions may produce

∆Rmod ∼ HCδtC. (807)

This contribution is physical only if F is physically defined.

Selecting the transition surface after inspecting the desired spectrum would introduce hidden
parameter freedom.

138 Gauge-Invariant Matching at the Central Transition

The curvature perturbation on uniform-total-density hypersurfaces is

ζ = −ψ −H
δρ

ρ̇
. (808)

The comoving curvature perturbation is

R = ψ − H

ρ+ p
δq, (809)

up to the sign convention used for the scalar momentum potential δq.

For a regular adiabatic transition on a uniform-density hypersurface,

[ζ]C ≈ 0 (810)

on sufficiently large scales.

The Triple Bounce central transition may be nonadiabatic, so the more general relation is
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ζ+ = ζ− + ∆ζnad + ∆ζmem + ∆ζmod, (811)

where:

• ∆ζnad is generated by nonadiabatic pressure;

• ∆ζmem is generated by inherited scaffold conversion; and

• ∆ζmod is generated by spatial modulation of the transition hypersurface.

The corresponding comoving curvature transfer is

R+ = TC
RRR− +

∑
A

TC
RSA

S−
A + TC

RWW12 + TC
RΞδΞC +NC

R. (812)

Every coefficient must follow from the common central-transition theory.

139 Adiabatic and Entropy Bases

A useful effective realization treats the central background as a trajectory through a multisector
state space.

Let the background variables be

φ =
(
φ1, φ2, . . . , φN

)
. (813)

The state-space speed is

σ̇ =
√
GABφ̇Aφ̇B, (814)

where GAB is an effective field-space metric.

The adiabatic basis vector is

eAσ = φ̇A

σ̇
. (815)

Entropy basis vectors satisfy

GABe
A
σ e

B
sI

= 0. (816)

The perturbations decompose as
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QA = eAσQσ +
∑
I

eAsI
QsI . (817)

The curvature perturbation is related schematically to the adiabatic mode by

R = H

σ̇
Qσ. (818)

A turning background trajectory causes entropy-to-curvature conversion:

Ṙ ∝ ωIQsI , (819)

where ωI is the turn rate toward entropy direction I.

The central reversal is expected to involve strong trajectory bending.

Thus,

ωI ̸= 0 (820)

may be a primary mechanism converting the two-pass entropy structure into third-leg curvature.

This field-space construction is illustrative.

A later theory may realize the relevant degrees of freedom through fluids, kinetic distributions,
vector fields, or geometric variables rather than canonical scalar fields.

140 Transfer Functions in the Adiabatic–Entropy Basis

On large scales, a two-sector transfer may be written as

(
R
S

)+

C

=
(
TRR TRS

TSR TSS

)
C

(
R
S

)−

C

+
(
NR

NS

)
C

. (821)

In a larger multisector system,

(
R+

S+

)
=
(
TRR TRS

TSR TSS

)(
R−

S−

)
+
(
NR

NS

)
. (822)

The final curvature spectrum is
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P+
R = |TRR|2 P−

R + TRSP−
SST

†
RS

+ 2 Re
[
TRRT †

RSP−
RS

]
+ PNR . (823)

The outgoing entropy covariance is

P+
SS = TSRP−

RT †
SR + TSSP−

SST†
SS

+ cross terms + PNSNS
. (824)

A viable central transfer should produce

P+
R ≫ P+

S,visible (825)

over the observationally constrained scales.

141 Scaffold-Memory Conversion

The inherited scaffold is represented by

{
W12,P12,M(12)

ij

}
. (826)

These variables may contribute to scalar, vector, and tensor perturbations.

Decompose the scaffold tensor into trace, longitudinal, vector, and transverse-traceless parts:

M(12)
ij = 1

3δijMtr +
(
∂i∂j − 1

3δij∇
2
)

ML + ∂(iMV
j) + MTT

ij . (827)

The scalar trace and longitudinal parts may source

R, Φ, Ψ. (828)

The transverse vector component may source

Vi. (829)

The transverse-traceless component may source
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hTT
ij . (830)

The central conversion may be written as

R+ ⊃ TRWW12 + TRMLML, (831)

V +
i ⊃ TVMMV

i , (832)

h+
ij ⊃ ThMMTT

ij . (833)

The scalar conversion must be strong enough to preserve useful large-scale information.

The vector and tensor conversions must be weak enough to satisfy observational limits.

This creates a selective-transfer condition:

|TRW | may be significant, |TVM| , |ThM| must remain controlled. (834)

142 Statistical Homogeneity and Isotropy of the Inherited State

A primordial pathway may contain structure without selecting a unique observable center.

For statistical homogeneity,

⟨X(x)X(y)⟩ = CX (x − y) . (835)

For statistical isotropy,

CX (x − y) = CX (|x − y|) . (836)

A weak anisotropic correction may be written as

PX(k) = P(0)
X (k)

[
1 + gX(k)

(
k̂ · n̂

)2
+ · · ·

]
. (837)

The central transfer gives

g+
R(k) = GC

[
g−

R, gW , gM,MC
]
. (838)

A viable model requires
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∣∣∣g+
R(k)

∣∣∣ < gmax(k). (839)

The transition may reduce anisotropy through angular averaging, decoherence of small-scale
directional modes, or preferential transfer of the isotropic scaffold component.

Any such process must be derived.

It cannot be represented only by deleting the anisotropic terms from the output.

143 Scale Dependence and Central Transfer Kernels

The central transition has a finite duration

∆tC = t+C − t−C . (840)

A characteristic transition scale is

kC ∼ aC
ceff,C∆tC

. (841)

Modes satisfying

k ≪ kC (842)

experience the transition as rapid relative to their oscillation period.

Modes satisfying

k ≫ kC (843)

may evolve adiabatically through it or experience dispersive damping, depending on the
microphysics.

A generic transfer kernel may be expanded as

TC
AB(k) = T

(0)
AB + T

(2)
AB

(
k

kC

)2
+ T

(4)
AB

(
k

kC

)4
+ · · · (844)

when the long-wavelength expansion is regular.

Alternatively, a finite transition may produce oscillatory structure,

TC
AB(k) = TAB(k) [1 +AAB(k) cos (2k∆ηC + φAB)] . (845)
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Such oscillations could become a distinctive historical signature.

Their amplitude and phase must be predicted by the transition theory.

144 Generation of the Scalar Spectrum

The outgoing scalar spectrum is parameterized as

P+
R(k) = As

(
k

k∗

)ns−1
[1 + ∆C(k) + ∆mem(k)] . (846)

Here:

• ∆C(k) is the central-transition correction; and

• ∆mem(k) is the inherited-memory correction.

The spectral index is

ns(k) − 1 = d ln PR
d ln k . (847)

The running is

αs = dns
d ln k . (848)

The central theory must determine:

{As, ns, αs,∆C,∆mem} . (849)

These quantities cannot all be free fit functions.

A minimally predictive parameterization should use a finite set of transition parameters,

θC = (τC,ΓC, ωC, cs,C,meff,C, λmem, . . .) , (850)

from which the complete transfer kernel is calculated.
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145 Acoustic Phase Coherence

The photon–baryon fluid later undergoes acoustic oscillation.

For an idealized mode,

Θ0(k, η) + Φ(k, η) = Ak cos [krs(η)] +Bk sin [krs(η)] , (851)

where:

• Θ0 is the photon-temperature monopole;

• rs(η) is the sound horizon; and

• Ak and Bk encode the initial phase.

The observed acoustic peak sequence requires a coherent relation among these coefficients across
the ensemble of modes (Hu and Dodelson, 2002; Planck Collaboration, 2020a).

Define the phase

φk = arctan
(
Bk
Ak

)
. (852)

A phase-coherent initial state has a narrow phase distribution,

Var (φk) ≪ 1 (853)

at fixed k.

A viable central transfer must leave the early third leg dominated by one regular scalar mode.

Let the outgoing perturbation be decomposed as

R+ = Cgrow(k)Rgrow + Cdec(k)Rdec. (854)

Acoustic coherence requires

∣∣∣∣∣ Cdec(k)
Cgrow(k)

∣∣∣∣∣ ≪ 1 (855)

over the scales responsible for the observed acoustic peaks.

A continuous active source operating throughout the later acoustic era could destroy coherence.

Therefore, the principal Triple Bounce sourcing must become effectively passive before standard
photon–baryon oscillation is established.
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146 Non-Gaussianity Generated at the Central Transition

The central transition is nonlinear and nonequilibrium.

It may generate non-Gaussian perturbations even when the incoming state is approximately
Gaussian.

Expand the outgoing curvature perturbation as

R+
k =

∫ d3p

(2π)3T
(1) (k,p)X−

p + 1
2

∫ d3p d3q

(2π)6 T (2) (k,p, q)X−
p X

−
q + · · · . (856)

The quadratic kernel contributes to the bispectrum,

〈
R+

k1
R+

k2
R+

k3

〉
= (2π)3δD (k1 + k2 + k3)B+

R (k1, k2, k3) . (857)

The outgoing bispectrum contains:

B+
R = Binherited +Bconversion +Btransition. (858)

A local nonlinear representation is

R = Rg + 3
5f

local
NL

(
R2
g −

〈
R2
g

〉)
+ · · · . (859)

The transition may also generate equilateral, orthogonal, oscillatory, or anisotropic bispectrum
shapes.

The model must predict both the amplitude and configuration dependence.

A small total bispectrum may arise through weak interactions or through cancellation.

Cancellation among large unrelated terms would require a stability and naturalness analysis.

147 Tensor Perturbations from the Central Reversal

The transverse-traceless metric perturbation satisfies

h′′
λ + 2Hh′

λ + c2
Tk

2hλ = 2a2

M2
Pl

ΠTT
λ . (860)

The central transition may source tensors through:

• time-dependent background geometry;

• anisotropic stress;
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• scaffold tensor memory;

• collisions in the central state;

• phase transitions; and

• nonlinear scalar coupling.

The outgoing tensor mode is

h+
λ (k) = TC

hh(k)h−
λ (k) + TC

hM(k)MTT
λ (k) +NC

h,λ(k). (861)

Its power spectrum is

P+
T (k) =

∑
λ

k3

2π2

〈∣∣∣h+
λ (k)

∣∣∣2〉 . (862)

The tensor-to-scalar ratio is

rC(k) = P+
T (k)

P+
R(k)

. (863)

The central reversal need not satisfy the standard single-field inflationary consistency relation.

This may provide a distinctive test.

However, the tensor spectrum must remain within observational bounds and must not be
independently adjusted after the scalar spectrum is fitted.

148 Vector and Vorticity Perturbations

The multipass and junction structure may generate vector perturbations.

Let

Vi, ∂iVi = 0 (864)

represent a transverse metric or velocity vector mode.

The outgoing vector field is

V +
i = TC

V V V
−
i + TC

V PPT
i + TC

VMMV
i +NC

V,i. (865)

The vorticity is

ωi = 1
2ϵijk∂jvk. (866)
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The model may permit a small primordial vorticity component.

It must satisfy:

PV (k) < PV,max(k), (867)

and

Pω(k) < Pω,max(k) (868)

over the constrained scales.

A detectable but small correlated vector component could become a distinctive prediction.

An uncontrolled large component would violate early-universe isotropy.

149 Third-Leg Initial Covariance Matrix

The complete linear third-leg perturbation state may be represented by

Z+
k = (Rk, S1,k, . . . , Sn,k, h+,k, h×,k, V1,k, . . .)T . (869)

Its covariance matrix is

〈
Z+

k Z+†
k′

〉
= (2π)3δD

(
k − k′)P+

Z (k). (870)

The covariance matrix contains:

P+
Z =


PR PRS PRh PRV

PSR PSS PSh PSV
PhR PhS Phh PhV
PVR PV S PV h PV V

 . (871)

This covariance matrix, together with higher-order correlation functions, is the correct initial
statistical input to the third-leg radiation-transfer calculation.

The model must not specify only

PR(k) (872)

while leaving all cross-correlations undefined.
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150 Required Third-Leg Perturbation State

The derived central transfer must yield an early-third-leg state satisfying the following qualitative
requirements.

150.1 Scalar amplitude

PR(k∗) = As (873)

within the observationally allowed range.

150.2 Spectral shape

ns, αs, ∆C(k), ∆mem(k) (874)

must remain compatible with the measured primordial spectrum.

150.3 Adiabatic dominance

βiso(k) < βiso,max(k). (875)

150.4 Small statistical anisotropy

|gR(k)| < gmax(k). (876)

150.5 Acceptable non-Gaussianity

f shape
NL ∈ VfNL . (877)

150.6 Controlled tensor and vector output

r(k) < rmax(k), PV (k) < PV,max(k). (878)

150.7 Phase coherence

Var (φk) ≪ 1. (879)

The combined requirement is
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P+
Z (k) ∈ Vobs (880)

over the full observational wavenumber range.

151 Central-Matching Test Models

The central perturbation analysis should proceed through five nested models.

151.1 Model A: adiabatic continuity

Assume

R+ = R−, S+
A = 0, NC

R = 0. (881)

This is the simplest benchmark.

It tests whether the incoming curvature spectrum is already acceptable.

151.2 Model B: entropy-to-curvature conversion

Include

TRS ̸= 0. (882)

This tests whether precentral relative modes generate the dominant third-leg curvature spectrum.

151.3 Model C: scaffold-memory conversion

Include

TRW ̸= 0. (883)

This tests whether inherited geometry can seed scalar structure while remaining statistically
isotropic.

151.4 Model D: modulated central transition

Allow

δtC ̸= 0. (884)
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This tests curvature generation from spatial variation in the transition timing.

151.5 Model E: complete finite-width nonlinear transition

Solve the full coupled background and perturbation evolution through the central interval.

Model E must include:

• the scalar kinetic and gradient matrices;

• entropy-to-curvature conversion;

• scaffold-memory transfer;

• tensor and vector sourcing;

• transition modulation;

• nonlinear kernels;

• radiation and matter production; and

• the complete output covariance matrix.

Only Model E can support a complete physical replacement claim.

152 Numerical Implementation

A numerical central-transition calculation should follow one common background and perturbation
system.

152.1 Step 1: construct the background

Solve

{a(t), H(t), ρi(t), pi(t), Qi(t), RE(t),ΞC(t)} (885)

through

t−C ≤ t ≤ t+C . (886)
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152.2 Step 2: verify stability

Evaluate the eigenvalues of

K, K−1G, M2. (887)

Reject ghost or uncontrolled gradient-instability regions.

152.3 Step 3: evolve a basis of perturbations

For each k, evolve independent basis initial conditions

Y −
A (888)

through the transition.

The outgoing basis vectors determine the columns of

MC(k). (889)

152.4 Step 4: propagate the covariance

Given the incoming covariance

P−
Z (k), (890)

compute

P+
Z (k) = MC(k)P−

Z (k)M†
C(k) + PNC(k). (891)

152.5 Step 5: calculate higher-order correlations

Compute the bispectrum and, where relevant, the trispectrum from the nonlinear transition kernels.

152.6 Step 6: initialize third-leg radiation evolution

Use the derived state

I+
C (892)
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as the input to a third-leg Einstein–Boltzmann solver.

No perturbation variable should be reset by hand after the central calculation.

153 Central-Perturbation-Mechanism Rejection Criteria

The central perturbation hypothesis fails or requires revision if any of the following conditions is
unavoidable.

1. No closed perturbative action or equivalent evolution system can be defined through the
central transition.

2. The kinetic matrix develops a negative eigenvalue.

3. The kinetic matrix becomes singular over the relevant transition interval.

4. The gradient matrix produces an uncontrolled instability.

5. The transition hypersurface is selected only after the desired spectrum is known.

6. The outgoing curvature perturbation diverges.

7. The scalar amplitude is obtained only by arbitrary normalization of the transfer matrix.

8. The spectral tilt requires an independent free function of wavenumber.

9. The inherited scaffold produces excessive statistical anisotropy.

10. Most inherited power is transferred into visible isocurvature modes.

11. The central transition generates tensor power beyond observational limits.

12. The vector or vorticity component is too large.

13. The decaying scalar mode remains comparable to the growing mode and destroys acoustic
phase coherence.

14. The transition acts as a persistent active source during the photon–baryon acoustic era.

15. The bispectrum or trispectrum exceeds observational limits.

16. Acceptable non-Gaussianity occurs only through unstable cancellation among unrelated large
terms.

17. The complete output covariance matrix is not positive semidefinite.

18. The derived perturbation state violates the Einstein constraint equations.

19. The background used for perturbation matching differs from the background used for the
horizon and flatness calculations.
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20. The third-leg perturbations must be manually replaced with standard inflationary initial
conditions after the transition.

21. The transfer erases all hidden-history information, leaving no possible distinctive signature.

22. The transfer preserves so much directional memory that statistical homogeneity or isotropy is
lost.

154 Formal Summary of Central Perturbation Matching

The inherited precentral state is

I−
C = {geometry,multisector perturbations, two-pass memory, transition variables} . (893)

The effective quadratic action is

S(2) = 1
2

∫
dt d3x a3

[
q̇TKq̇ − 1

a2∂iq
TG∂iq − qTM2q + 2q̇TBq

]
. (894)

The central linear transfer is

X+
C = MC(k)X−

C + NC(k). (895)

The outgoing curvature perturbation is

R+ = TRRR− + TRSS
− + TRWW12 + TRΞδΞC +NR. (896)

The outgoing covariance is

P+
Z = MCP−

ZM†
C + PNC . (897)

Acoustic phase coherence requires

∣∣∣∣∣ Cdec(k)
Cgrow(k)

∣∣∣∣∣ ≪ 1, Var (φk) ≪ 1. (898)

The complete observational requirement is

{PR,PSS ,PT ,PV , fNL, gR, φk} ∈ Vobs. (899)
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The central perturbation question is therefore

Can one finite, stable central-transition theory convert the

correlated two-pass state into predominantly adiabatic, nearly

scale-invariant, statistically isotropic, phase-coherent

third-leg perturbations while retaining a calculable historical

signature?

(900)

155 Perturbation-Transfer Status

The central perturbation problem is now reduced to a defined sequence.

1. Specify the independent precentral degrees of freedom.

2. Construct the quadratic and leading nonlinear perturbation actions.

3. Identify the physical central-transition hypersurface.

4. Verify no-ghost and no-gradient-instability conditions.

5. Construct the adiabatic and entropy bases.

6. Calculate the finite-width central transfer matrix.

7. Calculate scaffold-memory conversion into scalar, vector, and tensor modes.

8. Propagate the complete incoming covariance matrix.

9. Calculate the outgoing scalar spectrum and spectral tilt.

10. Calculate isocurvature and cross-correlations.

11. Calculate tensor and vector spectra.

12. Calculate the bispectrum and higher-order correlations.

13. Verify acoustic phase coherence.

14. Verify statistical homogeneity and isotropy.

15. Initialize the third-leg radiation-transfer equations using the derived output.

16. Reject any model requiring manual replacement of the outgoing perturbations.

17. Identify a residual feature associated with the hidden two-pass history.

The framework has therefore not yet derived the primordial spectrum.

It has specified the complete mathematical object that must be derived.
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156 Propagation of the Central Output into the Cosmic Microwave
Background

The preceding transition analysis defines the earliest resolved third-leg perturbation state immediately
after the central reversal,

I+
C . (901)

This symbol denotes boundary data for the third leg. It does not assert that a standard radiation
plasma, stable ordinary matter, or the complete late-time species inventory exists instantaneously
at the reversal. A derived thermal handoff,

Hth : I+
C −→ Ith, (902)

must connect the central output to the earliest state for which a conventional species description
and Einstein–Boltzmann evolution are valid. Paper II tests this required handoff without assigning
the origin of the opaque early plasma era to the Triple Bounce mechanism.

Once the handoff is defined, the third-leg state must evolve through:

1. the early radiation-dominated plasma;

2. neutrino decoupling;

3. electron–positron annihilation;

4. primordial nucleosynthesis;

5. matter–radiation equality;

6. photon–baryon acoustic evolution;

7. recombination;

8. photon free streaming;

9. reionization;

10. late-time gravitational evolution; and

11. gravitational lensing.

The observed cosmic microwave background therefore tests not only the central transition but
the entire third-leg transfer from

I+
C

Hth−−−→ Ith −→ I∗ −→ OCMB, (903)
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where:

• Ith is the earliest derived state for which the standard thermal species description is valid;

• I∗ is the perturbation state at last scattering; and

• OCMB is the observed temperature and polarization data.

A viable Triple Bounce perturbation model must reproduce the measured cosmic microwave
background spectra from the derived central output and thermal handoff. It may not replace
either step with a standard inflationary spectrum or an independently selected hot-state boundary
condition after the transition. If the handoff cannot be derived consistently, the downstream cosmic
microwave background calculation is incomplete.

The total prediction can be represented as

OTB
CMB = Lobs ◦ B3 ◦ Hth ◦ TC

[
I−

C

]
, (904)

where:

• TC is the central transition map;

• Hth is the derived handoff from central output to a standard thermal species description;

• B3 is the subsequent third-leg Einstein–Boltzmann evolution operator; and

• Lobs is the line-of-sight and observational projection operator.

157 Einstein–Boltzmann Evolution

157.1 Species distribution functions

Each particle species i is described by a phase-space distribution

fi = fi (xµ, pν) . (905)

Its evolution is governed by a Boltzmann equation,

Dfi
Dλ = Ci [fj ] , (906)

where:

• λ is an affine or phase-space evolution parameter; and

• Ci is the collision operator.
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The stress–energy tensor is obtained from the distribution function,

Tµνi =
∫ d3p√

−g p0 p
µpνfi. (907)

The metric perturbations are sourced through the linearized Einstein equations,

δGµν = 8πG
c4 δT tot

µν . (908)

157.2 Third-leg species

A minimum third-leg calculation includes:

{γ, b, c, ν, ch, other} , (909)

where:

• γ denotes photons;

• b denotes baryonic matter;

• c denotes cold dark matter or the appropriate scaffold component;

• ν denotes neutrinos or other free-streaming relativistic species;

• ch denotes the chasing sector; and

• other denotes any additional derived Triple Bounce sector.

Every additional sector must contribute consistently to:

{H(a),Φ,Ψ, δρ, δp, θ, σ} . (910)

A sector may not influence the background while being omitted from the perturbation equations
unless a controlled approximation justifies the omission.
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158 Scalar Perturbation Equations in the Third Leg

In conformal Newtonian gauge, the scalar-perturbed metric is

ds2 = a2(η)
[
− (1 + 2Ψ) dη2 + (1 − 2Φ) δijdxidxj

]
. (911)

For a fluid component i, define the density contrast

δi = δρi
ρ̄i
, (912)

and the velocity divergence

θi = ikjvji . (913)

A generic continuity equation is

δ′
i = − (1 + wi)

(
θi − 3Φ′)

− 3H
(
c2
s,i − wi

)
δi + Qδi

, (914)

where Qδi
represents perturbative sector interactions.

The Euler equation is schematically

θ′
i = − H (1 − 3wi) θi − w′

i

1 + wi
θi

+
c2
s,i

1 + wi
k2δi − k2σi + k2Ψ + Qθi

. (915)

The interaction terms must obey total energy–momentum conservation.

The scalar Einstein constraints include a generalized Poisson equation,

k2Φ + 3H
(
Φ′ + HΨ

)
= 4πGa2δρtot, (916)

and an anisotropic-stress relation,

k2 (Φ − Ψ) = 12πGa2 (ρ+ p)σtot, (917)

up to sign and normalization conventions.

The central output must satisfy these constraint equations at the initial integration time.
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159 Photon Boltzmann Hierarchy

The photon brightness perturbation may be expanded in Legendre multipoles,

Θ (k, µ, η) =
∞∑
ℓ=0

(−i)ℓ(2ℓ+ 1)Θℓ(k, η)Pℓ(µ), (918)

where:

• µ = k̂ · n̂; and

• Pℓ is a Legendre polynomial.

The first few multipoles correspond approximately to:

Θ0 : temperature monopole, (919)

Θ1 : velocity or dipole, (920)

Θ2 : anisotropic stress and polarization source. (921)

The hierarchy has the schematic form

Θ′
ℓ = k

2ℓ+ 1 [ℓΘℓ−1 − (ℓ+ 1)Θℓ+1] + Gℓ + Cℓ, (922)

where:

• Gℓ contains metric sources; and

• Cℓ contains Thomson-scattering terms.

Before recombination, rapid Thomson scattering strongly couples photons and baryons.

After recombination, the collision rate drops and the photon hierarchy free streams.

160 Photon–Baryon Tight Coupling

The differential optical depth is

τ̇ = aneσT c, (923)

where:

• ne is the free-electron number density; and
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• σT is the Thomson cross section.

In conformal-time notation, one often uses

τ ′ = aneσT (924)

in units with c = 1.

The baryon-loading ratio is

Rb = 3ρb
4ργ

. (925)

The photon–baryon sound speed is

c2
s = c2

3 (1 +Rb)
. (926)

In the tight-coupling regime,

τ ′ ≫ k, τ ′ ≫ H, (927)

the photon and baryon velocities satisfy approximately

θγ ≈ θb. (928)

A simplified acoustic equation is

(Θ0 + Φ)′′ + R′
b

1 +Rb
(Θ0 + Φ)′ + k2c2

s (Θ0 + Φ) = Sgrav, (929)

where Sgrav contains gravitational driving.

The solution has the form

Θ0 + Φ = Ak cos (krs) +Bk sin (krs) + driven contribution. (930)

The coefficients Ak and Bk are determined by the central-output initial conditions.

They are not independent late-time fitting parameters.
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161 Sound Horizon and Acoustic Scale

The comoving sound horizon at conformal time η is

rs(η) =
∫ η

ηth
cs(η̃)dη̃. (931)

Equivalently,

rs(a) =
∫ a

ath

cs(a′)
a′2H(a′)da′. (932)

Here ηth and ath mark the derived thermal handoff. They need not coincide with the instanta-
neous central reversal.

At last scattering,

rs∗ = rs(η∗). (933)

The transverse comoving distance to last scattering is

DM (z∗). (934)

The acoustic angular scale is

θ∗ = rs∗
DM (z∗) . (935)

The corresponding multipole scale is approximately

ℓA = π
DM (z∗)
rs∗

. (936)

The Triple Bounce background must reproduce both:

rs∗ and DM (z∗), (937)

using the same third-leg expansion model.

A successful fit cannot compensate an arbitrary sound horizon with an independently arbitrary
distance.
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162 Peak Positions and Phase Coherence

In an idealized acoustic system, compression and rarefaction extrema occur near

krs∗ ≈ mπ, m = 1, 2, 3, . . . (938)

for a coherent cosine-like adiabatic mode.

The observed peak positions may be represented as

ℓm ≈ ℓA (m− φm) , (939)

where φm includes gravitational driving, baryon loading, free-streaming species, and other
phase shifts.

A central transition that produces a significant sine-mode component changes the phase.

Define the outgoing acoustic phase

φTB(k) = atan2 (Bk, Ak) , (940)

and compare it with the phase φreg(k) of the regular growing adiabatic mode evolved through
the same third-leg background,

∆φac(k) = φTB(k) − φreg(k). (941)

Acoustic coherence does not require a universally vanishing sine coefficient in every convention.
It requires the derived phase residual, decaying-mode fraction, and correlated entropy contribution
to remain inside the joint observationally allowed region across the acoustic range, without mode-
by-mode retuning.

The peak test therefore constrains:

{TRR,TRS , TRW , TRΞ, Cdec/Cgrow} . (942)

The central transition cannot generate an arbitrary mixture of growing and decaying modes
while retaining the measured peak sequence.
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163 Peak Heights and Baryon Loading

Baryons alter the equilibrium point of the photon–baryon oscillator.

This enhances compressional peaks relative to rarefaction peaks.

The peak-height pattern therefore constrains:

• the baryon density;

• the photon density;

• the gravitational potentials;

• the matter–radiation equality epoch;

• free-streaming relativistic species;

• the primordial tilt; and

• the adiabatic–isocurvature mixture.

The baryon-loading parameter at last scattering is

Rb∗ = 3ρb(η∗)
4ργ(η∗) . (943)

The matter–radiation equality condition is

ρm(aeq) = ρr(aeq). (944)

The associated comoving scale is

keq = aeqHeq
c

. (945)

A Triple Bounce model must reproduce the peak heights with one derived set of third-leg
densities.

It cannot choose one baryon density for nucleosynthesis and another for the cosmic microwave
background.
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164 Photon Diffusion and the Damping Tail

Before recombination, photons diffuse through the plasma over a finite distance.

This suppresses small-scale anisotropies.

The comoving diffusion scale may be written schematically as

k−2
D (η) =

∫ η dη̃
6τ ′

R2
b + 16

15 (1 +Rb)
(1 +Rb)2 . (946)

The primordial perturbation is damped approximately by

exp
[
− k2

k2
D

]
. (947)

The observed high-multipole damping tail constrains:

• the recombination history;

• the free-electron abundance;

• the expansion rate before recombination;

• the helium fraction;

• the primordial spectrum at small scales; and

• additional scattering or energy injection.

An inherited-memory correction that rises strongly at high wavenumber may be excluded by
the damping tail even if it is hidden at low multipoles.

165 Visibility Function and Recombination

The optical depth from conformal time η to the present is

τ(η) =
∫ η0

η
a(η̃)ne(η̃)σTdη̃. (948)

The visibility function is

g(η) = −τ ′(η)e−τ(η). (949)

It gives the probability density that an observed photon last scattered near η.

The visibility function peaks near recombination and has finite width.
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The cosmic microwave background is therefore not emitted from an infinitely thin boundary.

The Triple Bounce framework must retain this standard radiative interpretation:

cosmic microwave background photons are radiation released from a finite

last-scattering region, not dark energy and not a

physical outer wall.

(950)

A modified third-leg expansion rate changes

H(z), ne(z), τ(z), g(z), (951)

and must therefore be tested through the full recombination calculation.

166 Line-of-Sight Solution

The observed temperature multipole transfer function may be written as

∆T
ℓ (k) =

∫ η0

0
dη ST (k, η)jℓ [k(η0 − η)] , (952)

where:

• ST (k, η) is the temperature source function; and

• jℓ is a spherical Bessel function.

The source function contains terms associated with:

• the photon monopole;

• the gravitational potential;

• the baryon velocity;

• the quadrupole;

• the early integrated Sachs–Wolfe effect;

• the late integrated Sachs–Wolfe effect; and

• reionization.

Schematically,
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ST ∼ g (Θ0 + Ψ) + d
dη

(
g
vb
k

)
+ e−τ (Φ′ + Ψ′)+ quadrupole terms. (953)

The polarization transfer functions are

∆E
ℓ (k), ∆B

ℓ (k). (954)

Scalar perturbations generate E-mode polarization at linear order.

Tensor and vector perturbations may generate both E- and B-mode polarization.

167 Angular Power Spectra

For statistically isotropic perturbations, the observed spherical harmonic coefficients satisfy

〈
aXℓma

Y ∗
ℓ′m′

〉
= δℓℓ′δmm′CXYℓ , (955)

where

X,Y ∈ {T,E,B, ϕ} , (956)

and ϕ denotes the lensing potential.

For one primordial scalar mode,

CXYℓ = 4π
∫ dk

k
PR(k)∆X

ℓ (k)∆Y
ℓ (k). (957)

For multiple primordial modes A and B,

CXYℓ = 4π
∑
A,B

∫ dk
k

PAB(k)∆X
ℓ,A(k)∆Y

ℓ,B(k). (958)

The mode labels may include:

A,B ∈ {R, S1, . . . , Sn, T, V } . (959)

The derived central-output covariance matrix therefore enters the angular spectra directly.

The primary scalar observables are
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CTTℓ , CTEℓ , CEEℓ . (960)

Additional observables include

CBBℓ , Cϕϕℓ , CTϕℓ , CEϕℓ . (961)

A successful model must fit the correlated set rather than only the temperature spectrum.

168 Adiabatic and Isocurvature CMB Signatures

Different primordial modes generate different acoustic phases and peak patterns.

For a correlated adiabatic and isocurvature system, the angular spectrum is

Cℓ = CRR
ℓ + CSSℓ + 2CRS

ℓ . (962)

Parameterize the primordial isocurvature fraction by

βiso(k) = PS(k)
PR(k) + PS(k) . (963)

Define the cross-correlation coefficient

cos ∆RS(k) = PRS(k)√
PR(k)PS(k)

. (964)

Once a physical central-transition model is specified, it predicts both quantities. They may not
be selected independently after the scalar spectrum is fitted.

A predominantly adiabatic Triple Bounce output requires

βiso(k) ≪ 1 (965)

for visible modes, unless a specific correlated isocurvature component remains observationally
allowed.
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169 Tensor and Vector CMB Signatures

Tensor perturbations contribute to:

TT, TE, EE, BB. (966)

The tensor angular spectrum is

CXYℓ,T = 4π
∫ dk

k
PT (k)∆X

ℓ,T(k)∆Y
ℓ,T(k). (967)

Vector perturbations also source temperature and polarization, including B modes.

The total B-mode spectrum is schematically

CBBℓ = CBBℓ,tensor + CBBℓ,vector + CBBℓ,lensing + CBBℓ,foreground. (968)

Candidate central-transition dynamics may generate tensor and vector spectra with shapes
different from those of canonical slow-roll inflation.

A distinctive claim requires the model to predict:

{PT (k), nT (k),PV (k), cross-correlations} . (969)

The spectra must remain compatible with current observational limits and future searches.

170 Reionization and Large-Angle Polarization

Late reionization rescattered a fraction of the cosmic microwave background photons.

The integrated optical depth to reionization is

τre =
∫ zre

0

c σTne(z)
(1 + z)H(z)dz. (970)

Reionization suppresses primary small-scale anisotropy approximately by

e−2τre , (971)

and generates large-angle E-mode polarization.

The inferred scalar amplitude is partly degenerate with τre.

Therefore, the Triple Bounce scalar normalization must be tested jointly against:
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As, τre, Ase
−2τre . (972)

A low-multipole feature should not be attributed to the hidden history until reionization
uncertainties are included.

171 Lensing and Late-Time Transfer

Large-scale structure deflects cosmic microwave background photons.

The lensing potential is

ϕ(n̂) = −2
∫ χ∗

0
dχ Sk(χ∗ − χ)

Sk(χ∗)Sk(χ)ΦW (χn̂, η0 − χ) , (973)

where:

• Sk(χ) is the curvature-dependent transverse-distance function; and

• ΦW is the Weyl potential.

Lensing:

• smooths acoustic peaks;

• converts E modes into B modes;

• probes matter growth;

• tests the gravitational potentials; and

• constrains dark-sector interactions.

The Triple Bounce model must therefore reproduce both the primary unlensed spectra and the
lensing reconstruction.

A fit to the primary peaks with incorrect late-time structure growth is insufficient.

The lensing potential spectrum is

Cϕϕℓ . (974)

It links Paper II to the Gravity Triune dynamics developed in Paper III.
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172 Inherited-Web Corrections to CMB Statistics

The inherited web may affect the cosmic microwave background through several channels.

172.1 Primordial scalar correction

The scalar spectrum may contain

PR(k) = P(0)
R (k) [1 + ∆mem(k)] . (975)

A smooth correction may be parameterized provisionally as

∆mem(k) = AmemFmem

(
k

kmem

)
, (976)

where the shape function must ultimately be derived. This expression is a diagnostic template,
not a Paper II prediction; its amplitude, scale, and shape may not be varied independently once the
scaffold-retention dynamics are specified.

172.2 Oscillatory transition correction

A finite central transition may produce

∆osc(k) = Aosc(k) cos [2k∆ηC + φC] . (977)

This could shift or modulate acoustic power. The phase, envelope, and frequency must
be inherited from one finite transition model rather than introduced as separate feature-fitting
parameters.

172.3 Directional correction

A residual preferred direction may produce

PR(k) = P(0)
R (k)

[
1 + g∗(k)

(
k̂ · n̂

)2
]
. (978)

This would break diagonal statistical isotropy if a directional component survives the complete
transfer:

⟨aℓma∗
ℓ′m′⟩ ̸∝ δℓℓ′δmm′ . (979)
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The resulting bipolar spherical harmonic coefficients or equivalent anisotropy statistics must
remain within observational limits.

172.4 Topology and phase correlations

The inherited web may also create higher-order or phase-sensitive statistics not visible in the ordinary
power spectrum.

Candidate observables include:

{Bℓ1ℓ2ℓ3 , Tℓ1ℓ2ℓ3ℓ4 , phase correlations, alignment statistics, topological summaries} . (980)

These quantities become meaningful tests only after the same primordial memory model predicts
them jointly.

173 CMB Recovery Vector

Define the Triple Bounce cosmic microwave background prediction vector

CTB =
(
CTTℓ , CTEℓ , CEEℓ , CBBℓ , Cϕϕℓ ,Bℓ,T ℓ,Aℓm,ℓ′m′

)
, (981)

where:

• Bℓ represents angular bispectra;

• T ℓ represents trispectra; and

• Aℓm,ℓ′m′ represents anisotropic covariance.

The observationally acceptable region is

VCMB. (982)

CMB recovery requires

CTB ∈ VCMB. (983)

The region VCMB is a joint likelihood-defined acceptance region after nuisance parameters
and covariance are included (Planck Collaboration, 2020a). It is not a collection of independent
per-spectrum tolerances.

The input parameter vector should be finite:
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θCMB = (θbg,θC,θmem,θlate) . (984)

Here:

• θbg controls the third-leg background;

• θC controls the central transition;

• θmem controls inherited-memory transfer; and

• θlate controls reionization and late structure.

The same parameters must be used in the horizon, flatness, primordial, and cosmic microwave
background calculations.

174 Comparison with a Standard Inflationary Baseline

Let

Mbase (985)

denote a specified inflationary ΛCDM baseline.

Let

MTB (986)

denote the Triple Bounce model.

The comparison must use the same:

• cosmic microwave background likelihoods;

• foreground treatment;

• multipole ranges;

• recombination calculation;

• lensing treatment;

• late-time data where included; and

• statistical evidence standards.

The baseline primordial spectrum may be
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Pbase
R (k) = As

(
k

k∗

)ns−1
. (987)

The Triple Bounce spectrum is

PTB
R (k) = Pbase

R (k) [1 + ∆C(k) + ∆mem(k)] (988)

only as a phenomenological residual decomposition.

In the completed theory, the central-transition and inherited-scaffold contributions need not be
additive, and every term must be derived from the same ordered transfer history. The decomposition
may be used for diagnostics, but not as a collection of independent fitting functions.

The likelihood is

LCMB = P (DCMB | θ,M) . (989)

A better raw fit is insufficient if obtained through many weakly constrained parameters.

The comparison must include parameter complexity and predictive restriction.

175 Numerical Einstein–Boltzmann Implementation

The first complete cosmic microwave background calculation should use a modified Einstein–
Boltzmann solver.

175.1 Step 1: import the derived central state

Provide:

{PR,PSS ,PRS ,PT ,PV , higher-order kernels} . (990)

No standard primordial spectrum should be silently substituted.

175.2 Step 2: implement the third-leg background

Solve

H(a) (991)

from the third-leg sector equations, including the chasing and scaffold contributions.
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175.3 Step 3: evolve all perturbation modes

Evolve the adiabatic, entropy, tensor, and vector basis modes through the radiation and matter eras.

175.4 Step 4: calculate recombination

Compute:

xe(z), τ(z), g(z), kD(z), (992)

where xe(z) is the ionization fraction.

175.5 Step 5: calculate transfer functions

Produce:

∆T
ℓ,A(k), ∆E

ℓ,A(k), ∆B
ℓ,A(k), ∆ϕ

ℓ,A(k). (993)

175.6 Step 6: construct angular spectra

Integrate the complete primordial covariance against the transfer functions.

175.7 Step 7: apply foreground and instrumental models

The theoretical comparison must include the same nuisance treatment used for the baseline model.

175.8 Step 8: evaluate likelihoods

Calculate posterior distributions, profile likelihoods, and model evidence or appropriate approxima-
tions.

175.9 Step 9: perform residual analysis

Define residuals

∆CXYℓ = CXYℓ,TB − CXYℓ,data. (994)

Inspect:

• low-multipole residuals;
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• peak-position residuals;

• odd–even peak residuals;

• damping-tail residuals;

• polarization residuals;

• lensing residuals; and

• cross-spectrum residuals.

176 Nested CMB Test Cases

The cosmic microwave background program should proceed through six nested cases.

176.1 Case A: standard adiabatic transfer

Use the Triple Bounce third-leg background with a conventional adiabatic power-law spectrum.

This isolates the effect of the background.

It is a diagnostic case, not the final theory.

176.2 Case B: derived scalar central output

Replace the conventional spectrum with the derived

PC
R(k). (995)

Keep isocurvature, tensor, and vector modes zero.

176.3 Case C: scalar plus isocurvature

Include

PSS(k), PRS(k). (996)

176.4 Case D: inherited-memory features

Include

∆mem(k), g∗(k), phase correlations. (997)
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176.5 Case E: tensor and vector output

Include

PT (k), PV (k). (998)

176.6 Case F: full joint model

Use the complete central covariance, nonlinear statistics, third-leg background, reionization model,
and lensing evolution.

Only Case F constitutes a full joint observational evaluation. Even then, historical identification
requires comparison with alternative models under the same data, priors, nuisance treatment, and
complexity penalty.

177 CMB-Recovery Rejection Criteria

The Triple Bounce primordial and third-leg model fails or requires revision if any of the following
conditions is unavoidable.

1. The central-output perturbations do not satisfy the Einstein constraint equations.

2. The derived background produces an unacceptable sound horizon.

3. The same background produces an unacceptable distance to last scattering.

4. The acoustic angular scale cannot be reproduced.

5. The central output contains an excessive sine or decaying scalar mode.

6. The acoustic peak sequence loses phase coherence.

7. The odd–even peak-height pattern is incompatible with one consistent baryon density.

8. Matter–radiation equality occurs at an unacceptable epoch.

9. The recombination or visibility function is significantly inconsistent with the observed damping
and peak structure.

10. The primordial scalar tilt or running is unacceptable.

11. Inherited-memory features exceed allowed residuals in the temperature or polarization spectra.

12. The scaffold imprint produces excessive statistical anisotropy.

13. Visible isocurvature exceeds observational limits.

14. Tensor power exceeds the allowed range.
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15. Vector or vorticity power produces excessive temperature or polarization anisotropy.

16. The predicted TE correlation has the wrong sign or phase over key multipole ranges.

17. The EE spectrum fails even when the TT spectrum is fitted.

18. The model fits primary anisotropy but fails the cosmic microwave background lensing spectrum.

19. The required reionization history is astrophysically unacceptable.

20. A successful fit requires separate primordial functions for TT , TE, and EE.

21. The transition parameters are independently adjusted in separate multipole ranges.

22. The model reproduces the cosmic microwave background only after replacing its derived
central output with standard inflationary initial conditions.

A claim of observational preference is unsupported if an improved raw fit disappears after
accounting for additional parameter freedom, look-elsewhere effects, or prior volume.

The absence of a nondegenerate historical residue has a different meaning. It does not by itself
invalidate a model that successfully recovers the observables; it leaves the proposed hidden history
observationally unidentified:

CTB ∈ VCMB, ∆Ohist ≃ 0. (999)

178 Formal Summary of the CMB Test

The central transition supplies the primordial covariance,

P+
Z (k). (1000)

The third-leg Einstein–Boltzmann system propagates that covariance into transfer functions,

∆X
ℓ,A(k), X ∈ {T,E,B, ϕ}. (1001)

The angular spectra are

CXYℓ = 4π
∑
A,B

∫ dk
k

PAB(k)∆X
ℓ,A(k)∆Y

ℓ,B(k). (1002)

The sound horizon is
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rs∗ =
∫ a∗

ath

cs(a)
a2H(a)da. (1003)

The acoustic angular scale is

θ∗ = rs∗
DM (z∗) . (1004)

Phase coherence requires the derived phase and decaying-mode diagnostics to lie in their joint
allowed region,

(
∆φac(k), Cdec(k)

Cgrow(k)

)
∈ Vphase. (1005)

Adiabatic dominance requires

βiso(k) < βiso,max(k). (1006)

The complete recovery condition is

{
CTTℓ , CTEℓ , CEEℓ , CBBℓ , Cϕϕℓ ,higher-order statistics

}
∈ VCMB. (1007)

The decisive question is

Can the perturbation state derived from the central reversal,

without replacement by standard inflationary initial data,

propagate through one consistent third-leg background and

reproduce the measured temperature, polarization, damping,

lensing, and higher-order microwave-background observables?

(1008)

179 CMB Transfer Status

The cosmic microwave background test is now reduced to a complete computational sequence.

1. Derive the central-output background and perturbation covariance.

2. Verify all initial Einstein constraints.

3. Implement the third-leg expansion history.

4. Implement all additional sector perturbations.
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5. Evolve adiabatic, entropy, tensor, and vector basis modes.

6. Calculate the photon–baryon tight-coupling regime.

7. Calculate the sound horizon.

8. Calculate matter–radiation equality.

9. Calculate recombination, the visibility function, and photon diffusion.

10. Calculate temperature and polarization line-of-sight sources.

11. Construct TT , TE, EE, BB, and lensing spectra.

12. Propagate inherited-memory features through the transfer functions.

13. Calculate anisotropic and higher-order statistics.

14. Compare all spectra with one common likelihood framework.

15. Inspect peak positions, phases, heights, and damping residuals.

16. Reject any model requiring separate adjustments for separate spectra.

17. Determine whether a surviving memory feature is statistically distinguishable from inflationary
or late-time alternatives.

The Triple Bounce framework has therefore advanced from a proposed central perturbation
state to a complete observational transfer problem.

The cosmic microwave background remains one of the strongest conditions the theory must
meet.

180 Distinctive Historical Signatures

Reproducing the observational successes of inflationary cosmology is a necessary condition for the
Triple Bounce framework.

It is not sufficient to establish a longer three-leg history.

A model that reproduces the same background and perturbation observables while leaving no
measurable residue of the hidden first and second legs remains observationally degenerate with a
suitably chosen third-leg initial state.

The distinctive-signature problem is therefore:

Which observables retain information that specifically requires

the ordered first–second–third-leg history?
(1009)

A genuine historical signature must satisfy four conditions.
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1. It must be derived from the same dynamics used to address the horizon, flatness, and
perturbation candidate resolutions.

2. It must survive the outer reversal, second leg, central reversal, and third-leg transfer.

3. It must not be freely adjustable independently of the rest of the model.

4. It must differ observably from the predictions of competing inflationary, bouncing, cyclic,
topological, and late-time models.

The desired observable is not merely an anomaly.

It is a constrained consequence of the ordered history,

H123 = U3 ◦ TC ◦ U2 ◦ TO ◦ U1. (1010)

Because these operators generally do not commute,

H123 ̸= U3 ◦ TO ◦ U2 ◦ TC ◦ U1, (1011)

the sequence may leave an order-dependent residue.

That residue is the principal observational target of this analysis.

181 Recovery, Residue, and Identification

Let the observable prediction vector be

O = (Obg,OCMB,OLSS,OGW,Omag, . . .) , (1012)

where:

• Obg contains background-distance and expansion observables;

• OCMB contains microwave-background observables;

• OLSS contains large-scale-structure observables;

• OGW contains gravitational-wave observables; and

• Omag contains magnetic and helicity observables.

The Triple Bounce prediction may be decomposed as

OTB = Orec + ∆Ohist, (1013)
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where:

• Orec reproduces the successful baseline cosmology; and

• ∆Ohist is the historical residue.

A viable model requires

Orec + ∆Ohist ∈ Vobs. (1014)

A distinguishable historical interpretation requires

∆Ohist ̸= 0 (1015)

at a measurable, cross-validated level. This is an identification requirement, not an additional
condition for basic observational recovery.

A specifically identified three-leg history requires the stronger condition

P (H123 | D) > P (Halt | D) (1016)

for relevant alternative histories Halt under a fair model comparison.

Definition 181.1 (Historical residue). A historical residue is a calculable correlation, feature, or
cross-observable relation that survives into the third leg and depends on the ordered hidden history
rather than only on freely selectable third-leg boundary data.

182 Classes of Candidate Signatures

Candidate historical signatures may be grouped into six classes.

I. Large-scale transfer features, including low-wavenumber suppression, enhancement, or
turnover.

II. Finite-transition oscillations, including periodic or quasiperiodic features generated by
the reversal durations.

III. Inherited-web correlations, including phase, topology, morphology, and cross-scale ancestry.

IV. Directional and parity structure, including weak statistical anisotropy, chirality, or helicity.

V. Cross-sector relations, including constrained scalar–tensor, density–magnetic, or curvature–
vorticity correlations.
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VI. Joint background–perturbation relations, in which the same transition parameters
control both the expansion history and primordial features.

A single isolated feature is unlikely to identify the full history.

The strongest evidence would be a linked signature vector,

Shist = (Slow-k, Sosc, Sphase, Saniso, Scross, Sbg) , (1017)

derived from one finite parameter set.

183 Low-Wavenumber Transfer Features

The largest observable scales correspond to modes with the longest wavelengths.

These modes may be most sensitive to the earliest resolved post-singularity boundary, the outer
reversal, the second-leg return, and the central transition.

The outgoing scalar spectrum may be written as

PTB
R (k) = P(0)

R (k)T 2
hist(k), (1018)

where

Thist(k) = TC(k)T2(k)TO(k)T1(k). (1019)

A regular low-wavenumber expansion may take the form

Thist(k) = T0 + T2

(
k

kL

)2
+ T4

(
k

kL

)4
+ · · · . (1020)

A turnover model may instead be written as

T 2
hist(k) = 1 −ALFL

(
k

kL

)
, (1021)

with

0 ≤ AL < 1. (1022)

The shape function FL must follow from the transfer dynamics.

It may not be chosen separately for each low-multipole residual.

A genuine first-boundary signature should connect
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kL (1023)

to a physical scale such as:

• the first resolved post-singularity boundary;

• the conformal duration of the first leg;

• the outer-transition width;

• the total retained causal interval; or

• the largest scaffold correlation scale.

184 Finite-Reversal Oscillations

A finite transition can mix positive- and negative-frequency mode components.

For one canonical mode,

v+
k = αkv

−
k + βkv

−∗
k . (1024)

The normalization condition is

|αk|2 − |βk|2 = 1 (1025)

for a unitary canonical transformation.

The resulting spectrum contains interference:

P+
R(k) = P−

R(k) |αk + βk|2 . (1026)

For a transition with conformal width ∆ηj , the interference may contain a phase

φj(k) ∼ 2k∆ηj + φj,0. (1027)

With two reversals, a schematic transfer is

Tosc(k) = 1 +AO(k) cos [2k∆ηO + φO]

+AC(k) cos [2k∆ηC + φC]

+AOC(k) cos [2k∆ηOC + φOC] . (1028)
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Here, ∆ηOC may contain the conformal separation between the two reversals.

The ordered three-leg history could therefore generate:

• one outer-transition frequency;

• one central-transition frequency;

• an interference or beat scale; and

• scale-dependent damping envelopes.

This multi-frequency relation would be more distinctive than one unconstrained oscillatory
feature.

185 Two-Reversal Interference

Let the outer and central transition matrices for one mode be

MO(k), MC(k). (1029)

The second-leg propagator is

U2(k) =
(
e−iΘ2(k) 0

0 e+iΘ2(k)

)
(1030)

in a simplified adiabatic basis, where

Θ2(k) =
∫ η−

C

η+
O

ωk(η)dη. (1031)

The total mode transfer is

M123(k) = MC(k)U2(k)MO(k). (1032)

The output power may therefore contain terms proportional to

cos [2Θ2(k) + ∆φOC(k)] . (1033)

A specifically three-leg signature would require the oscillatory phase to depend on all three
components:

φhist = φ (TO,U2, TC) . (1034)
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If the same feature can be reproduced by one arbitrary transition, it does not uniquely identify
two reversals.

186 Inherited-Web Phase Statistics

A Gaussian statistically homogeneous field is fully characterized at the two-point level by its power
spectrum.

Its Fourier phases are otherwise random subject to the reality condition.

An inherited structural web may introduce phase correlations not captured by PR(k) alone.

Write the scalar mode as

Rk = Ake
iϕk . (1035)

A phase-coupling statistic may be defined as

Pϕ (k1,k2,k3) =
〈
ei(ϕk1 +ϕk2 −ϕk3)〉 , (1036)

with

k1 + k2 = k3. (1037)

For random independent phases,

Pϕ ≈ 0. (1038)

A nonzero value indicates phase coupling.

The ordinary bispectrum also probes such coupling, but phase-only statistics may isolate
morphology from amplitude.

A three-pass memory hypothesis may predict enhanced correlations among modes associated
with:

• common first-pass ancestry;

• second-pass retracing;

• central-transition branching;

• shared junction origin; or

• harmonically related pathway scales.
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The challenge is to derive the allowed mode triangles from the scaffold dynamics.

187 Topological and Morphological Memory

The inherited web may leave statistical information in the morphology of the density field.

Let the smoothed density contrast be

δR(x). (1039)

Define an excursion set

Eν = {x : δR(x) > νσR} , (1040)

where ν is a threshold and σR is the smoothed variance.

Candidate morphological observables include:

{V0(ν), V1(ν), V2(ν), V3(ν), βp(ν),Ppers} , (1041)

where:

• Vµ are Minkowski functionals;

• βp are Betti numbers; and

• Ppers represents persistent-homology summaries.

The Triple Bounce hypothesis would be strengthened if one derived memory parameter controlled
both:

∆PR(k) (1042)

and

∆Vµ(ν), ∆βp(ν). (1043)

An independently fitted topological correction would not provide strong historical evidence.
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188 Scale-Dependent Structural Retention

The inherited web is not expected to preserve all scales equally.

Let

Emem(k) (1044)

be the cumulative memory-retention efficiency.

The third-leg inherited contribution is

W(3)
12 (k) = Emem(k)W(pre)

12 (k). (1045)

A provisional smooth retention law may be written as

Emem(k) =
[
1 +

(
k

kmem

)pmem]−1
, (1046)

where:

• kmem is the characteristic retention scale; and

• pmem controls the transition sharpness.

This form is illustrative.

The physical theory must derive the shape.

Large-scale preservation with small-scale erasure would correspond to

Emem(k) → 1 as k → 0, (1047)

and

Emem(k) → 0 as k → ∞. (1048)

Such selective retention could preserve horizon-scale ancestry while allowing ordinary small-scale
stochastic structure formation.
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189 Weak Statistical Anisotropy

A retraced directional history may leave a weak anisotropic component.

Write

PR(k) = P(0)
R (k)

[
1 +

∑
LM

gLM (k)YLM (k̂)
]
. (1049)

The leading quadrupolar form is

PR(k) = P(0)
R (k)

[
1 + g∗(k)

(
k̂ · n̂

)2
]
. (1050)

The resulting angular covariance is

⟨aℓma∗
ℓ′m′⟩ = Cℓδℓℓ′δmm′ + ∆Cℓm,ℓ′m′ . (1051)

A viable historical residue requires

0 < |g∗(k)| < gmax(k) (1052)

over at least one measurable scale range.

If

g∗(k) = 0 (1053)

identically, the directional history may still survive in isotropic higher-order statistics.

If

|g∗(k)| ≥ gmax(k), (1054)

the model fails observationally.
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190 Parity, Chirality, and Helicity

The emergence of electromagnetic and rotational structure near the central reversal may generate
parity-sensitive observables.

For tensor modes, define right- and left-handed spectra,

PR
T (k), PL

T (k). (1055)

The tensor chirality parameter is

χT (k) = PR
T (k) − PL

T (k)
PR
T (k) + PL

T (k)
. (1056)

A parity-symmetric tensor background has

χT (k) = 0. (1057)

A chiral tensor background may generate parity-odd angular spectra such as

CTBℓ , CEBℓ . (1058)

For magnetic fields, write

〈
Bi(k)B∗

j (k′)
〉

= (2π)3δD
(
k − k′) [PB(k)Pij + iPH(k)ϵijlk̂l

]
, (1059)

where:

• PB(k) is the parity-even magnetic power; and

• PH(k) is the helical magnetic power.

A central dynamo-junction hypothesis could predict a relation between

PH(k) (1060)

and the ordered reversal geometry.

That relation must be derived rather than inferred from any observed parity anomaly.
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191 Curvature–Magnetic Cross-Correlation

If ordinary magnetic structure emerges while matter occupies the inherited scaffold, scalar curvature
and magnetic observables may share a common central origin.

Define a magnetic scalar proxy

Bs(k) (1061)

constructed from magnetic energy density, helicity, or another statistically defined scalar.

The cross-spectrum is

〈
RkB∗

s (k′)
〉

= 2π2

k3 PRB(k)δD
(
k − k′) . (1062)

Define the correlation coefficient

rRB(k) = PRB(k)√
PR(k)PB(k)

. (1063)

A shared transition origin may produce

rRB(k) ̸= 0. (1064)

A distinctive prediction would require the same parameter combination to control:

{PR(k),PB(k),PRB(k), PH(k)} . (1065)

This would be stronger than independently postulating primordial curvature and magnetic
spectra.

192 Scalar–Tensor Consistency Relations

Canonical single-field slow-roll inflation predicts approximate relations among scalar and tensor
observables.

A commonly discussed relation is

r ≈ −8nT (1066)

under the standard assumptions.

The Triple Bounce central transition need not satisfy this relation.
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Its scalar and tensor spectra are generated through different blocks of the full transfer matrix:

R+ = MsX
−
s +NR, (1067)

h+
λ = MTX

−
T +Nh,λ. (1068)

Define a Triple Bounce consistency residual,

∆ST(k) = r(k) + 8nT (k). (1069)

A nonzero value,

∆ST(k) ̸= 0, (1070)

would not by itself identify the Triple Bounce history because many noncanonical and multifield
inflationary models also violate the canonical relation.

A stronger signature would be a linked relation such as

∆ST(k) = FST [∆osc(k),∆mem(k), χT (k)] , (1071)

derived from the common reversal parameters.

193 Scalar–Vector and Density–Vorticity Relations

The multipass and junction structure may create small vector or vorticity components correlated
with scalar structure.

Define

〈
RkV

∗
i (k′)

〉
= (2π)3δD

(
k − k′)PRV,i(k). (1072)

Statistical isotropy strongly constrains such a cross-spectrum unless a preferred direction or
helical structure is present.

A parity-allowed scalar–helicity relation may instead involve a pseudoscalar observable,

Hω = v · ω. (1073)

A candidate cross-correlation is
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PδHω (k). (1074)

Any such signature must remain small enough to preserve the successful scalar-dominated early
universe.

A viable realization therefore requires, at most,

PV (k) ≪ PR(k) (1075)

over the primary cosmological scales.

194 Background–Feature Correlations

A major source of predictive power would arise if the reversal parameters controlled both background
and perturbation observables.

Let

θrev =
(
τO, τC,∆ηOC, v

±
O, v

±
C ,ΓO,ΓC, . . .

)
. (1076)

These parameters may determine:

H(z) = H (z;θrev,θlate) , (1077)

PR(k) = PR (k;θrev,θmem) , (1078)

PT (k) = PT (k;θrev) . (1079)

A background–feature consistency relation may then be written as

CBF [H(z),∆osc(k),PT (k)] = 0. (1080)

This relation should hold across independent datasets.

A model that fits the background with one parameter set and the primordial features with
another has reduced historical credibility.
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195 Degeneracy with Inflationary Feature Models

Inflationary models can also generate:

• low-wavenumber suppression;

• oscillations;

• steps and localized features;

• non-Gaussianity;

• statistical anisotropy;

• isocurvature;

• tensor chirality; and

• primordial magnetic correlations.

Therefore, no single feature class uniquely identifies the Triple Bounce history.

Let

Mfeat (1081)

denote an inflationary feature model.

The two models may be observationally degenerate when their difference is small in the full
data covariance,

∆OTC−1
obs∆O ≲ ∆χ2

crit, ∆O = OTB − Ofeat, (1082)

after nuisance parameters and shared uncertainties are marginalized.

Degeneracy may be broken by requiring simultaneous agreement in:

{TT, TE,EE,BB, ϕϕ, Pm(k), BR,PT ,PB, anisotropic covariance} . (1083)

The Triple Bounce model is favored only if its shared parameters explain a broader linked
pattern with comparable or lower effective complexity.
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196 Degeneracy with Alternative Bounce and Cyclic Models

Other nonsingular, bouncing, emergent, and cyclic cosmologies may also produce pre-hot-history
signatures.

The principal Triple Bounce distinction is not the generic existence of a prior phase.

It is the combination:

outward Electro motion,

outer sectoral reversal,

inward Electro return,

central sectoral reversal,

candidate Electro–magnetism coupling and third-leg matter organization,

while the global background may remain expanding.

(1084)

A comparison must therefore ask whether the candidate signature depends on:

• global contraction and a scale-factor bounce;

• one pre-hot transition;

• multiple cycles;

• an emergent static state;

• a matter-contraction phase;

• a two-reversal sectoral history; or

• a generic arbitrary primordial transfer function.

A proposed signature is specifically supportive of the Triple Bounce framework only if the two
sectoral reversals and intermediate inward leg play a necessary calculable role.

197 Degeneracy with Late-Time Physics

Features in observed cosmological data may arise from late-time effects rather than primordial
history.

Potential degeneracies include:

• reionization;

• foreground contamination;
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• gravitational lensing;

• nonlinear structure growth;

• baryonic feedback;

• galaxy bias;

• redshift-space distortions;

• dark-sector interactions;

• modified gravity;

• survey geometry; and

• instrumental systematics.

Let the observed residual be

∆D = ∆Dprim + ∆Dlate + ∆Dsys. (1085)

A historical interpretation requires evidence that

∆Dprim (1086)

is nonzero after marginalizing over late-time and systematic alternatives.

Cross-redshift consistency is especially useful.

A primordial feature should propagate predictably into multiple epochs,

∆PR(k) −→ {∆Cℓ,∆Pm(k, z1),∆Pm(k, z2), . . .} . (1087)

A late-time artifact generally does not reproduce the same primordial transfer relation at all
redshifts.

198 Null Tests

A strong research program should define tests whose null result directly constrains the historical
residue.
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198.1 Null test for oscillatory coherence

The outer and central transitions predict linked phase scales.

A null statistic may test whether the best-fit frequencies satisfy

ωOC = F (ωO, ωC,∆ηOC) . (1088)

Failure of the required relation disfavors the two-reversal interpretation.

198.2 Null test for memory cross-correlation

If scaffold-correlated retention contributes to both scalar and magnetic structure, test

PRB(k) = 0. (1089)

A result consistent with zero constrains the coupling TRWTBW .

198.3 Null test for phase coupling

Test

Pϕ (k1,k2,k3) = 0 (1090)

for the predicted mode configurations.

198.4 Null test for directional memory

Test

gLM (k) = 0. (1091)

A null result may still permit an isotropized memory model but excludes variants requiring
observable directional residue.

198.5 Null test for parity residue

Test

CTBℓ = 0, CEBℓ = 0, χT (k) = 0. (1092)

A null result constrains chiral central-transition models.
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199 Cross-Observable Consistency Tests

The most useful signatures are not independent anomalies but linked predictions.

Define a parameter vector

θhist = (∆ηO,∆ηC,∆ηOC, λmem, pmem, ωI ,Γj , . . .) . (1093)

The same vector predicts

θhist −→
{

∆CXYℓ ,∆Pm(k, z), BR,PT ,PB, gLM , Vµ
}
. (1094)

Let the parameter estimate from dataset A be

θ̂A, (1095)

and from independent dataset B be

θ̂B. (1096)

A consistency statistic is

QAB =
(
θ̂A − θ̂B

)T
(CA + CB)−1

(
θ̂A − θ̂B

)
, (1097)

where CA and CB are parameter covariance matrices.

A historically coherent model requires acceptable consistency among independent datasets.

200 Identifiability

A parameter is identifiable when distinct values produce observationally distinguishable predictions.

Let the model prediction be

µ (θ) . (1098)

The Fisher information matrix is

Fab = ∂µT

∂θa
C−1 ∂µ

∂θb
. (1099)

A nearly singular Fisher matrix indicates parameter degeneracy.
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If

λmin (F) ≈ 0, (1100)

one or more parameter combinations are poorly identifiable.

A historical model may contain mathematically distinct first- and second-leg parameters that
collapse observationally into one effective transfer function.

In that case, the data may support

an unspecified prehistory (1101)

without identifying

the specific Triple Bounce sequence. (1102)

The manuscript must distinguish these evidential levels.

201 Historical Signature Hierarchy

Evidence may be organized into five levels.

201.1 Level 0: no residue

∆Ohist = 0. (1103)

The model remains observationally equivalent to a standard third-leg initial-condition model.

201.2 Level 1: generic prehistory residue

A feature suggests some nontrivial earlier history but does not identify its form.

201.3 Level 2: finite-transition residue

The data favor one or more finite pre-hot transitions.
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201.4 Level 3: two-reversal residue

A linked pattern requires two separated transition events and an intermediate propagating interval.

201.5 Level 4: Triple Bounce identification

The combined observables favor:

outward → inward → outward sectoral history (1104)

within a globally expanding or otherwise derived background.

The theory should not claim Level 4 evidence when only Level 1 evidence is available.

202 Calibration, Validation, and Prediction Discipline

Flexible historical models are vulnerable to turning every numerical coincidence or residual feature
into a fitted explanation. Paper II therefore distinguishes three evidential roles:

Dcal, (1105)

Dval, (1106)

and

Dhold. (1107)

The calibration data may constrain a predeclared finite parameterization and shared nuisance
quantities. The validation data test the unchanged model on observables not used to choose
its feature family. The held-out set contains genuinely withheld or later measurements used for
prospective prediction.

A disciplined workflow is:

1. specify the dynamical laws, transition parameterization, priors, and candidate signature family
before inspecting validation residuals;

2. record which numerical relations were suggested by already known data;

3. use only the calibration set to estimate permitted free parameters;

4. freeze the model version before opening the validation set;
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5. propagate the resulting posterior into validation and held-out observables without changing
the architecture;

6. publish predicted ranges, null tests, and failure conditions; and

7. count every post-validation change of feature shape, parameter range, or transition law as a
new model version.

A data-anchored structural relation is a calibration clue, not an independent prediction. It
acquires predictive force only when the same locked relation determines an additional observable
that was not used to construct it. This distinction applies to the packet correspondences as well as
to proposed spectral, curvature, magnetic, and morphological signatures.

203 Look-Elsewhere and Feature-Search Penalties

Searching many frequencies, phases, locations, and feature shapes increases the probability of finding
a spurious improvement.

Let

plocal (1108)

be the probability associated with one fixed feature test.

After scanning many effective trials, the global probability is

pglobal ≥ plocal. (1109)

A simplified independent-trial approximation is

pglobal ≈ 1 − (1 − plocal)Neff , (1110)

where Neff is the effective number of searched configurations.

The Triple Bounce feature search must report:

• the scanned frequency range;

• the scanned phase range;

• the number of feature families;

• the prior parameter volume;

• the effective trial factor; and

• the global rather than only local significance.
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A feature predicted before the data search carries greater evidential weight than one selected
afterward.

204 Model Comparison for Historical Signatures

Let

{Mbase,Minf,feat,Mbounce,MTB} (1111)

denote the baseline, inflationary-feature, alternative-bounce, and Triple Bounce models.

The maximum likelihood is

Lmax = max
θ

P (D | θ,M) . (1112)

The Akaike information criterion (Akaike, 1974) is

AIC = 2p− 2 ln Lmax, (1113)

where p is the number of fitted parameters.

The Bayesian information criterion (Schwarz, 1978) is

BIC = p lnN − 2 ln Lmax, (1114)

where N is the effective number of data points under the stated approximation.

The Bayesian evidence follows the cosmological model-comparison framework summarized by
Trotta (2008):

ZM =
∫

L (θ)π (θ | M) dθ. (1115)

The Bayes factor comparing the Triple Bounce model with model MX is

BTB,X = ZTB
ZX

. (1116)

No single statistic should be treated as universally decisive.

The comparison should report likelihood improvement, parameter complexity, prior dependence,
posterior predictive performance, and physical coherence.
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205 Signature Matrix

Table 4: Candidate historical signatures, principal degeneracies, and required cross-checks.

Signature Triple Bounce origin Major degeneracy Required
cross-check

Low-k turnover Finite geometric
beginning or largest
retained scaffold scale.

Inflationary cutoff,
cosmic variance,
foregrounds.

Joint temperature,
polarization, and
large-scale-structure
transfer.

Oscillatory
spectrum

Outer and central
transition interference.

Inflationary steps,
resonant features,
systematics.

Linked frequencies
and phases across
TT , TE, EE, and
matter power.

Phase coupling Common pathway
ancestry and central
branching.

Generic nonlinear
evolution and
foreground morphology.

Primordial
bispectrum and
redshift-dependent
structure tests.

Weak anisotropy Residual directional
memory of retraced
pathways.

Survey geometry,
scanning strategy,
anisotropic inflation.

Independent sky
maps, polarization,
and large-scale
structure.

Tensor chirality Parity-sensitive central
junction dynamics.

Chiral inflation or
propagation effects.

Joint TB, EB,
tensor spectrum,
and magnetic
helicity.

Curvature–
magnetic
correlation

Shared scaffold and
electromagnetic
emergence.

Astrophysical
magnetogenesis and late
feedback.

Redshift evolution
and cross-correlation
with primordial
tracers.

Topology
correction

Three-pass inherited
web morphology.

Nonlinear gravitational
clustering and bias.

Scale and redshift
evolution predicted
from one memory
parameter.

Scalar–tensor
relation

Common reversal
transfer matrices.

Multifield or
noncanonical inflation.

Correlation with
oscillatory or
memory features.

Background–
feature relation

Shared reversal
parameters control H(z)
and primordial transfer.

Flexible dark energy
plus independent
primordial features.

One joint posterior
across background
and perturbation
data.
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206 Minimum Distinctive Prediction Set

A minimum useful prediction set should contain at least three linked outputs.

One candidate set is

{∆osc(k),∆mem(k),PRB(k)} . (1117)

The transition theory would then predict:

1. the oscillatory frequencies from ∆ηO, ∆ηC, and ∆ηOC;

2. the memory-retention envelope from Emem(k); and

3. the curvature–magnetic correlation from the common scaffold conversion.

Another candidate set is

{∆low-k, g∗(k),∆ST(k)} . (1118)

The final choice should be made after the central transition theory reveals which outputs are
genuinely linked and robust.

The theory should not promise every possible anomaly simultaneously.

207 Historical-Identification Rejection Criteria

The distinctive-signature program fails or requires revision if any of the following conditions is
unavoidable.

1. Every proposed signature is inserted phenomenologically rather than derived from the reversal
dynamics.

2. The model requires a separate free function for every observable.

3. The outer- and central-transition features have unrelated fitted frequencies despite being
claimed as one two-reversal pattern.

4. The inferred transition parameters are inconsistent across TT , TE, EE, large-scale structure,
and lensing.

5. A proposed low-wavenumber feature is indistinguishable from cosmic variance under realistic
model comparison.

6. The oscillatory improvement disappears after applying the look-elsewhere penalty.
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7. The inherited-web morphology appears only after nonlinear evolution and has no primordial
cross-observable counterpart.

8. The scaffold-memory model predicts anisotropy beyond observational limits.

9. The central model predicts parity violation that is not observed at the required amplitude.

10. The predicted curvature–magnetic correlation is absent where the model requires it to be
nonzero.

11. The scalar and tensor spectra cannot be generated by one common transition parameter set.

12. The claimed historical residue is better explained by a simpler inflationary feature model.

13. The claimed residue is better explained by foregrounds, survey geometry, nonlinear evolution,
or another late-time systematic.

14. The successful parameter region is disconnected from the region that meets the horizon and
flatness requirements.

15. The model predicts a feature in withheld data that is not observed.

16. A feature is repeatedly redefined after each null result.

17. The data support only an unspecified prehistory while the manuscript claims identification of
the complete Triple Bounce sequence.

18. No finite observable set can distinguish the model from arbitrary third-leg initial conditions.

19. The model’s apparent improvement is entirely due to increased parameter volume.

20. The full joint evidence does not improve over the standard baseline or physically comparable
alternatives.

208 Formal Summary of Distinctive Signatures

The complete observable prediction is

OTB = Orec + ∆Ohist. (1119)

A measurable residue requires

∆Ohist ̸= 0 (1120)

within observational sensitivity.

The ordered transfer is
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M123(k) = MC(k)U2(k)MO(k). (1121)

A two-reversal interference phase may be

φhist(k) = 2Θ2(k) + ∆φOC(k). (1122)

The retained memory field is

W(3)
12 (k) = Emem(k)W(pre)

12 (k). (1123)

A linked historical signature vector is

Shist = (Slow-k, Sosc, Sphase, Saniso, Scross, Sbg) . (1124)

Historical identification requires more than one fitted anomaly:

common parameters + multiple observables

+ withheld predictions + fair alternative comparison.
(1125)

The decisive question is

Does one constrained two-reversal transfer theory predict a

linked set of background, scalar, tensor, magnetic, phase, and

morphological observables that survives independent validation

and cannot be reproduced as easily by a simpler alternative?

(1126)

209 Historical-Signature Status

The distinctive-signature problem is now reduced to a controlled research sequence.

1. Derive the outer-transition transfer matrix.

2. Derive the second-leg mode propagator.

3. Derive the central-transition transfer matrix.

4. Calculate the ordered two-reversal interference structure.

5. Derive the scale-dependent memory-retention function.

6. Propagate the resulting scalar, tensor, vector, and magnetic covariance.
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7. Identify which features share the same physical parameters.

8. Reject features that require independent phenomenological functions.

9. Construct low-wavenumber, oscillatory, phase, anisotropy, parity, and topology observables.

10. Propagate each primordial signature into the cosmic microwave background and large-scale
structure.

11. Include late-time, foreground, and instrumental alternatives.

12. Apply look-elsewhere and parameter-volume penalties.

13. Fit only the declared calibration dataset.

14. publish validation results and withheld predictions.

15. Test cross-observable parameter consistency.

16. compare the model with inflationary-feature and other specified prehistory models.

17. state the evidential level actually supported by the data.

18. reject the historical interpretation if the linked predictions fail.

The Triple Bounce framework therefore does not treat unexplained cosmological anomalies as
automatic evidence.

It requires a constrained, ordered, and independently testable historical residue.

210 Joint Model Comparison and Reciprocal Falsification

The preceding sections define separate tests for full-history causal sufficiency, curvature evolution,
transition regularity, primordial conversion, cosmic microwave background recovery, and possible
historical residues. These tests cannot be passed with mutually inconsistent backgrounds or with a
new parameter choice for each observable.

A fixed Triple Bounce realization must generate one derived solution,

STB [ΘTB] =
{
a(t), H(t), RE(t), ρi(t), pi(t), Qi(t),MO,U2,MC,Hth,P+

Z , . . .
}
, (1127)

from one finite, declared parameter vector.

Observational viability is the first joint burden:
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Qhor ≥ 1, |Ωk,0| < Ωmax
k,obs,

CTB ∈ VCMB, Olate ∈ Vlate,

Sstable = 1.

(1128)

Here,

Sstable = 1 (1129)

denotes satisfaction of the adopted background, conservation, transition, and perturbative
stability requirements on the resolved history.

Historical identification is a second and stronger burden. It requires that at least one derived
residue be measurable, linked to the same parameters that produced observational viability, and
more difficult to reproduce with relevant alternatives:

viability + two-reversal necessity + linked held-out evidence + fair alternative comparison.
(1130)

A model may therefore be observationally viable yet historically unidentified. Passing one
component test supports neither the full incomplete-history hypothesis nor the specific Triple Bounce
sequence.

211 Competing Model Classes

The comparison set must be broad enough to prevent distinctiveness by construction. At minimum,
Paper II distinguishes five model classes.

211.1 Baseline inflationary cosmology

Let

M0 (1131)

denote a specified inflationary ΛCDM baseline, with parameter vector

θ0 = (ωb, ωc, θ∗, τre, As, ns, . . .) . (1132)
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211.2 Inflation with additional features

Let

MIF (1133)

denote inflationary models with primordial features, multiple fields, nonstandard sound speed,
isocurvature, or additional transition structure. These models are essential comparators whenever
Triple Bounce uses similar observational flexibility.

211.3 Generic noninflationary prehistory

Let

MP (1134)

denote a physically specified bounce, emergent, contracting, or other pre-hot-history model
that does not require the ordered Triple Bounce sequence. This class tests whether the data favor a
longer history at all, rather than this particular history.

211.4 Triple Bounce complement model

Let

MTB+I (1135)

denote a model in which the first two legs prepare boundary conditions for a later inflationary
stage:

HTB −→ Hinf −→ H3. (1136)

211.5 Triple Bounce replacement model

Let

MTB (1137)

denote a model in which the resolved hidden history and early third-leg handoff perform the
causal, curvature, perturbative, and hot-state functions ordinarily assigned to inflation. Replacement
requires
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Hinf /∈ MTB (1138)

as an independently necessary stage.

Every comparison must use compatible datasets, nuisance treatment, accuracy requirements,
and prior disclosure. Alternative models should be granted the same opportunity for physically
motivated features, but not arbitrary functions unavailable to the Triple Bounce model.

212 Master Parameter Hierarchy

Paper II separates the finite fitted parameter vector from the state functions and transfer operators
derived from it. The master vector is

ΘTB = (θres,θ1,θO,θ2,θC,θ3,θlate,θnuis) . (1139)

The dimensions of all blocks must be fixed before validation. Whole functions such as a(t), H(t),
or H3(a) and whole transfer matrices such as MO(k) are not automatically single parameters; they
must be derived from stated dynamics or represented by a finite declared basis whose coefficients
are counted.

212.1 Resolved-boundary input parameters

θres = (λres,1, . . . , λres,nres) . (1140)

This block parameterizes only the first resolved post-singularity boundary prescription Bres. It
does not claim a complete parameterization of the pre-singularity state or of the singular opening.

212.2 First-leg parameters

θ1 = (∆t1, λ1,1, . . . , λ1,n1) . (1141)

212.3 Outer-transition parameters

θO = (τO, λO,1, . . . , λO,nO) . (1142)
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212.4 Second-leg parameters

θ2 = (∆t2, λ2,1, . . . , λ2,n2) . (1143)

212.5 Central-transition parameters

θC = (τC,ΓC, ωI , λmem, λC,1, . . . , λC,nC) . (1144)

These symbols remain effective until a central-transition law derives them. The reversal cause
itself remains unresolved.

212.6 Third-leg parameters

θ3 = (θth,θstd,λ3) , (1145)

where θth describes the finite thermal handoff, θstd contains standard third-leg cosmological
parameters, and λ3 contains only genuinely new Triple-Bounce-specific quantities.

212.7 Late-time and nuisance parameters

θlate = (τre,λlate) , (1146)

θnuis = (λfg,λcal,λsys) . (1147)

The hierarchy prevents one physical freedom from being silently reintroduced under several
names. The Paper III dynamical realization is expected to reduce this hierarchy by deriving
background and interaction quantities from one action or other explicit dynamical law.

213 Fundamental, Derived, and Effective Parameters

Every quantity in the model ledger must be assigned both a physical stage and an epistemic status.

213.1 Fundamental parameters

A fundamental parameter appears in a specified action, constitutive law, or resolved-boundary law.
Paper II does not declare a parameter fundamental merely because it is given a physical name.
Until the underlying dynamics are fixed, the set may be written schematically as

θfund = (θaction,θboundary) . (1148)
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213.2 Derived parameters and functions

A derived quantity is calculated from the fixed dynamical specification and fundamental inputs.
The derived set includes

{
a(t), H(t),Ωk(t),MO(k),MC(k),Hth,PR(k), CXYℓ

}
. (1149)

Quantities such as As, ns, r, or a memory-retention scale count as derived predictions only
when the model calculates them rather than fits them independently.

213.3 Effective parameters

An effective parameter summarizes unresolved microphysics over a stated regime. Examples may
include

{
w̄j , c

(j)
eff ,Γj , TRW

}
. (1150)

Each effective quantity requires a domain of validity, a prior, the observables that constrain
it, and a retirement criterion describing how later dynamics would replace it. A collection of
independently fitted effective functions is not a predictive theory merely because each function has
a plausible label.

214 Shared-Background Enforcement

The same background functions must be used throughout Paper II:

Bshared =
{
a(t), H(t), Ḣ(t), ρi(t), pi(t), Qi(t)

}
. (1151)

The horizon calculation uses

χcausal = χcausal [Bshared, ceff ] . (1152)

The curvature calculation uses

Ωk = Ωk [Bshared] . (1153)

The transition calculation uses

Mj = Mj [Bshared,θj ] . (1154)
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The cosmic microwave background calculation uses

CXYℓ = CXYℓ

[
Bshared,P+

Z

]
. (1155)

A shared-background consistency condition is

Bhor = Bflat = Btrans = BCMB. (1156)

Numerical implementations should enforce this equality at the software architecture level rather
than rely only on editorial consistency.

215 Physical Prior Structure

For a frozen model version v, the prior is

π
(
ΘTB | M(v)

TB

)
. (1157)

The model version includes the dynamical equations, finite parameterization, prior family,
likelihood construction, and calibration–validation split. These choices must be recorded before the
validation or held-out data are examined.

The prior may be factorized conditionally as

π (ΘTB) = π (θres)π (θ1 | θres)π (θO | θ1)

× π (θ2 | θO)π (θC | θ2)

× π (θ3 | θC)π (θlate | θ3)π (θnuis) . (1158)

The conditional structure represents physical continuity, not a license to tune each stage after
seeing the next dataset. Central output densities, for example, cannot be assigned independently of
the central input state when the transition law links them.

Unacceptable practices include arbitrarily broad priors that hide unconstrained flexibility,
narrow priors centered on the observed answer, prior changes made after evidence inspection,
independent priors for theoretically linked quantities, and removal of unstable regions only after
they fit the data poorly. Any such change defines a new model version and must restart validation.
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216 Hard Theoretical Priors

Some conditions are exclusions from a specified realization rather than soft likelihood penalties.
Define

Ith (Θ) =

1, Θ ∈ Vth,

0, Θ /∈ Vth.
(1159)

The domain Vth applies to the resolved history beginning at tres; it does not assert classical
regularity through the singular opening. On that resolved domain, the scale factor must satisfy

a(t) > 0, (1160)

and the adopted background must remain finite:

|H(t)| < ∞. (1161)

For the globally expanding candidate branch specifically tested in this paper,

H(t) > 0 (1162)

is a branch condition, not a universal theorem of the broader framework.

Once a dynamical realization is supplied, kinetic matrices must be free of ghostlike directions,

λa(K) > 0, (1163)

and squared propagation speeds must avoid uncontrolled gradient instabilities,

c2
s,a ≥ 0. (1164)

Total sector exchange must preserve the adopted conservation law,

∑
i

Qνi = 0, (1165)

and both internal reversals must satisfy the derived finite-transition or controlled matching
equations. The effective prior is

πeff(Θ) = Ith(Θ)π(Θ). (1166)
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Until Papers III and IV provide the relevant dynamics, these are admissibility requirements to
be tested, not conditions already shown to hold.

217 Likelihood Construction

Let the complete dataset be

D = {DCMB,DBAO,DSN,DH ,DLSS,DGW,Dmag} . (1167)

The joint likelihood is

Ljoint = P (D | Θ,M) . (1168)

When conditional independence is justified,

Ljoint = LCMBLBAOLSNLH
× LLSSLGWLmag. (1169)

Correlated datasets require a joint covariance treatment rather than a simple product.

For a Gaussian data vector,

−2 ln L = (d − µ(Θ))T C−1 (d − µ(Θ)) + ln det C + constant. (1170)

The covariance matrix may itself depend on the model.

That dependence must be retained when it is significant.

218 Benchmark Dataset Roles

Different datasets constrain different parts of the model.

218.1 Cosmic microwave background

The cosmic microwave background constrains:

{θ∗, ωb, ωc, As, ns, τre,Ωk, βiso, r, g∗,∆osc} . (1171)
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218.2 Baryon acoustic oscillations

baryon acoustic oscillation measurements constrain combinations such as

DM (z)
rd

, H(z)rd,
DV (z)
rd

, (1172)

where rd is the sound horizon at the baryon drag epoch.

218.3 Supernova distances

Type Ia supernova observations constrain the luminosity-distance relation,

DL(z). (1173)

218.4 Expansion-rate measurements

Direct or differential-age expansion measurements constrain

H(z). (1174)

218.5 Large-scale structure

Large-scale structure constrains:

{Pm(k, z), fσ8(z), galaxy bias, lensing, topology} . (1175)

218.6 Gravitational waves and magnetic observables

These datasets constrain candidate tensor, vector, parity, and curvature–magnetic historical residues.

Not every dataset must be included in the first implementation.

The minimum dataset must nevertheless test the specific claim being made.
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219 Posterior Distribution

Bayes’ theorem gives

P (Θ | D,M) = L (D | Θ,M)π (Θ | M)
ZM

, (1176)

where

ZM =
∫

L (D | Θ,M)π (Θ | M) dΘ (1177)

is the Bayesian evidence.

Marginal posteriors are obtained by integrating over the other parameters.

For parameter θa,

P (θa | D) =
∫
P (Θ | D)

∏
b̸=a

dθb. (1178)

Posterior concentration does not guarantee physical identifiability.

A narrow posterior may result from an overly restrictive prior or a misspecified model.

220 Evidence and Information Criteria

The Bayes factor comparing a fixed Triple Bounce model version with a specified baseline is

BTB,0 = ZTB
Z0

, (1179)

with

lnBTB,0 = lnZTB − lnZ0. (1180)

The evidence comparison must report its dependence on prior volume, model version, dataset
combination, nuisance treatment, and numerical accuracy. A favorable Bayes factor is not a
substitute for physical admissibility or out-of-sample prediction.

Information criteria may be used as approximate complementary diagnostics (Akaike, 1974;
Schwarz, 1978). The Akaike information criterion is

AIC = 2p− 2 ln Lmax, (1181)

and the Bayesian information criterion is
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BIC = p lnN − 2 ln Lmax. (1182)

When its assumptions are appropriate, the corrected Akaike criterion is

AICc = AIC + 2p(p+ 1)
N − p− 1 . (1183)

For correlated cosmological data, the effective sample size N and the regularity assumptions
behind an information criterion may be nontrivial. No single evidence threshold, information
criterion, or likelihood improvement is treated as decisive by itself. The final classification combines
theoretical admissibility, parameter recovery, posterior prediction, complexity, and fair alternative
comparison.

221 Effective Parameter Counting

The number of printed symbols is not the same as the model’s effective flexibility. Shared baseline
and nuisance parameters must be identified separately from genuinely new Triple-Bounce-specific
freedom:

pfit = pshared + pTB + pnuis. (1184)

All fitted quantities enter inference, while the incremental complexity of the proposed history
is controlled primarily by pTB and by the flexibility of any effective functions. A free function must
be counted through its basis dimension, smoothing prior, regularization, or other effective degrees
of freedom; it does not count as one parameter merely because it has one name.

Under one common diagnostic, Bayesian model complexity may be estimated as

peff =
〈
χ2
〉

post
− χ2(Θ̂). (1185)

The analysis should report the nominal and effective parameter counts, prior-to-posterior
volume reduction, parameter correlations, unconstrained directions, the observables constraining
each quantity, and whether the same parameter controls more than one prediction.

A public parameter ledger should record, for every fitted quantity, its symbol, physical stage,
status as fundamental/derived/effective, prior, calibration data, validation data, affected observables,
and whether it was introduced before or after a null result. A model with many unidentifiable
directions or independently adjustable effective functions should not be described as highly predictive.
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222 Simulation-Based Calibration

Before a frozen model version is applied to validation data, its inference pipeline must be tested on
synthetic realizations. Let

Θ(s) ∼ πeff(Θ) (1186)

be an admissible simulated draw, and generate

D(s) ∼ P
(
D | Θ(s),M(v)

TB

)
. (1187)

The pipeline then infers

P
(
Θ | D(s),M(v)

TB

)
. (1188)

Repeated simulations test sampler correctness, likelihood and prior implementation, parameter
transformations, degeneracy handling, boundary behavior, numerical stability, and coverage. Cali-
bration on synthetic data validates the inference machinery; it does not validate the cosmological
hypothesis. A complex model should not be interpreted scientifically until the locked pipeline can
recover controlled injections and reject deliberately misspecified cases.

223 Parameter-Recovery Tests

Parameter recovery asks whether known injected parameters can be reconstructed from simulated
data.

For parameter θa, define the normalized recovery residual

za = θ̂a − θtrue
a

σθa

, (1189)

where:

• θ̂a is a posterior point estimate; and

• σθa is the posterior uncertainty.

Over repeated simulations, a well-calibrated estimator should not show a persistent bias,

⟨za⟩ ≈ 0. (1190)

Parameter recovery should be performed for:
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{τO, τC,∆ηOC, λmem, ϵasym, βiso, Aosc} . (1191)

If two-reversal parameters cannot be separately recovered even under high-quality synthetic
data generated by the model, the observational claim should be reduced to an effective prehistory
rather than a specific identified sequence.

224 Posterior Predictive Checks

The posterior predictive distribution is

P
(
D̃ | D,M

)
=
∫
P
(
D̃ | Θ,M

)
P (Θ | D,M) dΘ. (1192)

Here, D̃ is a replicated dataset.

Define a discrepancy statistic

T (D,Θ) . (1193)

A posterior predictive probability is

pppc = P
[
T
(
D̃,Θ

)
≥ T (D,Θ) | D

]
. (1194)

Useful discrepancy statistics include:

• maximum cosmic microwave background peak-position residual;

• integrated low-multipole residual;

• damping-tail residual power;

• largest cross-dataset parameter inconsistency;

• largest anisotropic-covariance residual;

• maximum large-scale-structure transfer residual; and

• largest stability-margin violation.

Posterior predictive checks identify ways in which a model may fit the overall likelihood while
systematically failing a specific data structure.
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225 Residual Structure

For observable vector d, define the residual

r = d − µ
(
Θ̂
)
. (1195)

The whitened residual is

rw = C−1/2r. (1196)

A statistically adequate model should not leave strong structured patterns in rw.

Residual analysis should test for:

• frequency-dependent oscillations;

• long runs of one residual sign;

• multipole-localized failures;

• redshift-dependent drift;

• direction-dependent residuals;

• foreground-correlated residuals; and

• mode-specific failures.

A model may improve the total likelihood while shifting the failure from one observable to
another.

Joint residual analysis prevents such compensation from being hidden.

226 Ablation Studies

An ablation study removes one model component while preserving the rest.

The purpose is to identify which components are required by the data and which merely increase
flexibility.

Define the full model prediction as

µfull. (1197)

For component A, define the ablated prediction

µ−A. (1198)
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The likelihood contribution of component A is

∆ ln LA = ln Lfull − ln L−A. (1199)

Required ablations include:

1. remove the first-leg causal contribution;

2. remove the outer transition;

3. remove second-leg memory;

4. remove the central entropy-to-curvature conversion;

5. remove scaffold-memory conversion;

6. remove finite-transition oscillations;

7. remove statistical anisotropy;

8. remove tensor and vector outputs;

9. replace the derived central spectrum with a power law; and

10. replace the Triple Bounce background with the baseline background.

A specifically three-leg interpretation requires that the ordered combination perform better
than a simpler one-transition or generic feature model after complexity penalties.

227 Causal and Curvature Ablations

The horizon statistic in the full model is

Qfull
hor = 2

(
χret

1 + χret
O + χret

2 + χret
C + χ3

)
∆χmax

. (1200)

The first-leg ablation is

Q−1
hor = 2

(
χret

O + χret
2 + χret

C + χ3
)

∆χmax
. (1201)

The second-leg ablation is

Q−2
hor = 2

(
χret

1 + χret
O + χret

C + χ3
)

∆χmax
. (1202)

If
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Qfull
hor ≥ 1 (1203)

but

Q−1
hor < 1 and Q−2

hor < 1, (1204)

then both hidden legs are required for the causal candidate resolution under the adopted model.

A similar ablation should be performed for curvature transfer.

Define

Ξk = lnT (res→0)
k . (1205)

Remove each interval contribution to determine which stage suppresses, preserves, or amplifies
curvature.

228 Historical-Signature Ablations

The full historical transfer is

M123 = MCU2MO. (1206)

A one-transition reduction is

Mone = MC. (1207)

A no-memory reduction is

TRW = 0, Emem = 0. (1208)

A no-interference reduction removes the phase-coherent cross terms:

AOC = 0. (1209)

A signature supports the ordered history only if the full model predicts a linked feature that is
lost or substantially degraded under these ablations.

Define the signature necessity statistic

Nsig,A = 2 [ln Lfull − ln L−A] . (1210)
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This statistic must be interpreted with the appropriate parameter and boundary corrections.

229 Replacement Thesis and Empirical Outcome Decisions

Paper II separates the declared replacement thesis from the outcome that completed calculations
and data may support. It also separates functional success from historical identification.

229.1 Function-specific replacement counterexample

For a specified function X, a Triple Bounce realization is a replacement counterexample when its
frozen shared model passes the relevant theoretical and observational gate without an independent
inflationary stage performing that function. For the joint horizon–flatness–perturbation program,
representative gates include

Qhor ≥ 1, (1211)

|Ωk,0| < Ωmax
k,obs, (1212)

CTB ∈ VCMB, (1213)

and

Ith = 1. (1214)

Each gate decides only its own claim. Joint passage supports the maximal replacement package;
no single failure is allowed to erase independently successful claims or the triple directional history.

229.2 Forced complement or restricted package

A completed model may retain a derived Triple Bounce contribution while requiring an additional
stage for one or more remaining functions. This is a restricted or forced-complement outcome, not
the paper’s starting thesis. The surviving and rejected functions must be named separately.

229.3 Rejected realization, non-identification, and degeneracy

A fixed realization is rejected when no stable parameter region satisfies its predeclared conditions.
A background-only success remains incomplete; an observationally viable but degenerate model
remains historically unidentified; and absence of a distinctive residue is a failure of identification
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rather than proof that the hidden history was impossible. Failure of one replacement counterexample
neither proves inflation necessary nor rejects another independent Triple Bounce claim.

230 Decision Matrix
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Table 5: Decision matrix for the incomplete-history hypothesis.

Outcome Causal/geometric
status

Perturbative/data
status

Permitted
interpretation

Replacement
candidate viable

Named horizon and
flatness counterclaims
pass without an
independent
inflationary stage
performing those
functions.

Derived primordial
and thermal outputs
recover the accepted
third-leg observables.

Functional
replacement remains
viable; comparative
support is a separate
test.

Complement
candidate viable

Hidden history
contributes a derived
function, while the
completed joint model
still requires an
additional stage for
another named
function.

Inflation supplies part
of the accepted
primordial evolution.

The replacement
package is restricted;
independently
successful Triple
Bounce claims remain
standing.

Background-only
viability

Causal and curvature
conditions can be met.

No acceptable derived
perturbation or
thermal handoff exists.

Incomplete
background scenario
only.

Observational
recovery without
identification

One admissible history
exists.

Observables are
recovered, but specific
reversal parameters
are not required or
distinguishable.

Viable phenomenology;
ordered Triple Bounce
history not identified.

Generic prehistory
evidence

Data favor a nontrivial
prior stage.

A simpler
noninflationary or
feature model explains
the same residue.

Evidence supports
unspecified prehistory,
not the complete
sequence.

Fixed realization
rejected

No admissible joint
causal/geometric
region exists, or data
exclude it.

Derived perturbations
or predictions fail
locked validation.

The tested realization
or corresponding claim
is rejected.
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231 Decisive Claim-Specific Rejection Conditions

The following conditions reject only the named counterclaim after the dynamical laws, finite
parameter domain, priors, transfer operators, and numerical tolerances of a model version have been
frozen. They do not declare every future realization impossible, do not propagate to independent
claim families, and do not prove a competing necessity claim.

231.1 Horizon-counterexample rejection

The tested horizon counterexample is rejected for the frozen model class if

sup
Θ∈Vth

Qhor(Θ) < 1. (1215)

No theoretically admissible point in that class supplies sufficient retained causal preparation.
This does not reject the triple directional history or prove inflation necessary.

231.2 Flatness-mechanism rejection

The tested near-flatness mechanism is rejected if

inf
Θ∈Vth

|Ωk,0(Θ)| > Ωmax
k,obs. (1216)

This result does not decide the horizon mechanism or the existence of the three legs.

231.3 Central-conversion rejection

The tested central-conversion mechanism is rejected if every stable solution gives

P+
Z /∈ Vprim. (1217)

231.4 CMB-recovery rejection

The tested CMB-recovery realization is rejected if

CTB /∈ VCMB (1218)

for all admissible central outputs, thermal handoffs, and third-leg backgrounds in the frozen
model version.
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231.5 Maximal replacement-package status

The maximal replacement package is not established by a frozen joint realization if every admissible
solution requires an independent accelerated stage satisfying

ϵH < 1 (1219)

for sufficient duration while performing one or more of the functions assigned to the Triple Bounce
counterclaims. This verdict restricts the maximal package. It does not erase any independently
successful Triple Bounce claim, reject the ordered trajectory, or prove that inflation is uniquely
necessary.

231.6 Historical-identification failure

Specific identification of the ordered three-leg history fails when its predictions remain observationally
equivalent, within the accessible covariance and resolution, to a relevant alternative:

µTB(ΘTB) ≃ µalt(Θalt), (1220)

with no locked, derived, degeneracy-breaking prediction. This is non-identification, not proof
that the hidden history is physically impossible.

232 Partial Failure and Model Revision

Not every negative result rejects every layer of the framework. The revision order should move from
implementation errors toward deeper architectural assumptions:

1. test numerical implementation and convergence;

2. test likelihood, prior, and covariance construction;

3. test parameter identifiability;

4. test the effective approximation and transition profile;

5. test the sector interaction law;

6. test the resolved-boundary prescription;

7. test the globally expanding candidate branch;

8. test the replacement claim;

9. test the complement claim; and

10. test the complete ordered three-leg architecture.
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Revision is legitimate when an independently identifiable physical or computational deficiency
motivates it. Adding free functions solely to restore agreement converts the model into unconstrained
phenomenology. Every revision must receive a new version identifier and state which assumption
and equation changed, which previous results no longer apply, which parameter or function was
introduced or removed, which new prediction follows, and what observation could reject the revision.
Previously opened validation data cannot remain “held out” for the new version.

233 Joint Validation Workflow

The full Paper II program should proceed in the following order.

Stage 1: dynamical specification

Fix one finite model version, including the resolved-boundary law, background equations, transition
laws, thermal handoff, parameter ledger, and data split.

Stage 2: theoretical admissibility

Reject resolved histories with conservation failure, additional singularities, ghostlike modes, uncon-
trolled instabilities, or invalid matching.

Stage 3: background construction

Derive one shared background across all resolved legs and transitions.

Stage 4: horizon calculation

Calculate the raw and retained causal intervals.

Stage 5: curvature calculation

Propagate the resolved-boundary curvature distribution to the present.

Stage 6: transition perturbations

Derive the outer and central transfer operators.
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Stage 7: primordial covariance and thermal handoff

Calculate the third-leg scalar, entropy, tensor, and vector covariance and establish a viable radiation-
rich handoff.

Stage 8: Einstein–Boltzmann evolution

Propagate the accepted third-leg initial state into cosmic microwave background and matter
observables.

Stage 9: synthetic-data calibration

Test inference, parameter recovery, identifiability, and deliberate misspecification before opening
validation data.

Stage 10: calibration inference

Fit only the declared calibration data with predeclared priors and likelihoods.

Stage 11: locked validation and prediction

Propagate the frozen posterior into validation and held-out observables.

Stage 12: posterior predictive and residual tests

Inspect structured residuals, cross-observable consistency, and null tests.

Stage 13: ablation and model comparison

Determine whether both reversals and the intermediate leg are required, then compare replacement,
complement, feature-inflation, and generic prehistory models.

Stage 14: scientific classification

Classify the result as rejected realization, restricted viability, complement candidate, replacement
candidate, comparative support, or historical identification.
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234 Minimum Publishable Numerical Result

A first publishable numerical result need not solve the complete model.

It should nevertheless contain one closed test.

A minimum horizon–flatness study should provide:

{a(t), H(t), RE(t), ceff(t),Ωk(t)} , (1221)

together with:

{
Qhor, T

(res→0)
k , fflat

}
. (1222)

A minimum perturbation study should provide:

{MC(k),PR(k), βiso(k),PT (k)} , (1223)

and at least one propagated observational spectrum.

A minimum distinctive-signature study should provide:

{one derived feature, one linked cross-check, one null test} . (1224)

The result should report failure regions as clearly as successful regions.

235 Paper II Claim Classification

Paper II inherits Paper I’s two-axis claim discipline.

235.1 Claim role

Each statement is identified as a core architectural postulate, candidate mechanism, candidate
quantitative consequence, or open extension. A role describes what the claim does in the framework;
it does not establish that the claim is true.

235.2 Development status

The maturity scale is:

1. conceptually defined;

2. analytically illustrated in a restricted toy model;
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3. realized in a stable numerical solution;

4. shown to recover principal observations;

5. competitively supported against specified alternatives; and

6. historically identified by linked, held-out observables.

235.3 Current status

The present manuscript primarily defines architecture, test equations, and failure conditions. It
does not yet establish stable numerical existence, observational recovery, comparative support, or
historical identification.

235.4 Reserved maturity labels

The terms “observationally recovered,” “competitively supported,” and “historically identified”
are reserved for the corresponding completed tests. They must not be inferred from conceptual
coherence or from one numerical correspondence.

235.5 Cross-paper development

Paper III supplies candidate dynamics that may reduce effective freedoms. Paper IV carries the
strongest reconstruction, numerical existence, sensitivity, and comparison work.

235.6 Historical identification

Specific identification requires independent linked observables to favor the ordered three-leg history
over relevant alternatives. Observational recovery alone is not historical identification.

236 Formal Summary of Joint Model Comparison

The finite master parameter vector is

ΘTB = (θres,θ1,θO,θ2,θC,θ3,θlate,θnuis) . (1225)

One derived background must serve all component calculations:

Bhor = Bflat = Btrans = BCMB. (1226)

The theoretically admissible prior is
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πeff(Θ) = Ith(Θ)π(Θ). (1227)

The posterior is

P (Θ | D,M) = L(D | Θ,M)π(Θ | M)
ZM

. (1228)

Observational viability requires a nonempty admissible region satisfying

Qhor ≥ 1, |Ωk,0| < Ωmax
k,obs,

CTB ∈ VCMB, Ith = 1.
(1229)

Replacement requires

joint recovery without an independently necessary inflationary stage. (1230)

Complement requires

a derived hidden-history contribution while inflation remains necessary. (1231)

Specific historical identification requires

two-reversal necessity + parameter recovery

+ linked held-out observables + fair alternative comparison.
(1232)

The decisive scientific question is

Can one frozen, theoretically admissible model recover the

causal, geometric, perturbative, thermal, and observational

successes of inflationary cosmology while the ordered three-leg

history improves constrained prediction rather than flexibility?

(1233)
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237 Integrated Scientific Synthesis

Paper II converts the incomplete-history proposal into a joint causal, geometric, perturbative, and
observational test. The central claim is not that a longer history automatically replaces inflation. It
is that the historical inference must remain open until the full ordered history has been calculated
and compared fairly with alternatives.

237.1 Incomplete-history claim

Let Hinf denote an inflationary pre-hot history and H123 the ordered Triple Bounce history. A
history-compression degeneracy exists when

Hinf ̸= H123, O[Hinf ] ≈ O[H123] (1234)

within observational precision. Such equivalence establishes neither a Triple Bounce preference
nor inflationary uniqueness. Historical identification requires at least one independently derived
observable whose linked structure depends on the ordered two-reversal history.

237.2 Status of the first outward leg

The first leg is defined sectorally by Ṙ(1)
E > 0, whereas inflation is defined geometrically by ä > 0, or

ϵH < 1. Therefore

Ṙ
(1)
E > 0 ̸⇒ ϵ

(1)
H < 1. (1235)

A limited first-leg or second-leg interval may nevertheless be inflationary in the geometric sense.
If such an interval performs the standard causal, curvature, and perturbation functions, it must be
reported as inflationary rather than relabeled away.

237.3 Joint causal and curvature burden

The retained full-history causal domain must satisfy

Qhor(k, θ) = 2χ(123)
ret (k)

dk(χ∗, θ)
≥ 1 (1236)

on the required scales and angular separations. The same background must also propagate the
resolved curvature into the observed range,

|Ωk,0| = T
(res→0)
k |Ωk,res| < Ωmax

k,obs. (1237)
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Within standard fixed-k Friedmann–Lemaître–Robertson–Walker evolution, d ln |Ωk|/dN =
2(ϵH − 1). An everywhere-decelerating expanding history therefore does not suppress the standard
curvature fraction. A viable near-flatness candidate must derive a sufficiently concentrated singular-
opening boundary distribution, preserve it, include controlled accelerated subintervals, or derive
modified dynamics. Causal reach and near-flatness must occupy the same finite-measure parameter
region rather than separate toy backgrounds.

237.4 Transition, perturbation, and thermal burden

Neither internal reversal is a singularity, and neither reversal cause is specified in Paper II. Their
effects must instead be represented by regular finite-width dynamics or a controlled thin-limit law.
The central perturbation output has the schematic form

X+
C = MCU2MOX

−
O + Ntot. (1238)

This output must be stable, predominantly adiabatic, nearly scale-invariant, and phase coherent
without using unconstrained hidden sectors to absorb unwanted power. The central boundary state
is not identified with an immediately complete hot plasma. A derived thermal handoff must connect
it to a radiation-rich third-leg state compatible with the standard downstream thermal chronology.

237.5 Observational recovery and historical identification

Observational viability requires the jointly predicted temperature, polarization, lensing, matter, and
higher-order observables to lie within the accepted likelihood region after nuisance and late-time
parameters are treated consistently. Historical identification is a stronger and separate requirement:

CTB ∈ VCMB, ∆Ohist ̸= 0. (1239)

The first condition establishes recovery. The second, when measurable, independently validated,
and favored against specified alternatives, would support the ordered prehistory. A model may
satisfy the first without satisfying the second.

238 Comparison Classes and Outcome Boundaries

Inflation remains the principal benchmark because it provides a mature account of causal preparation,
curvature suppression, coherent primordial perturbations, and thermal handoff. Triple Bounce must
be compared with viable inflationary models rather than with a caricature of inflation.

Other comparison classes include global bounce cosmologies, cyclic histories, emergent-universe
models, and generic noninflationary prehistories. Triple Bounce differs architecturally by containing
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one singular opening and two later nonsingular Electro reversals; it does not require global contraction,
a second singularity, or indefinite recurrence. Those distinctions do not confer empirical preference.
They only determine which equations, matching laws, and historical residues must be tested.

The permitted scientific outcomes remain:

{replacement candidate, complement,partial viability, generic prehistory support, failure} .
(1240)

Replacement requires one noninflationary history to recover the full benchmark set. Complement
permits prior Triple Bounce preparation while an inflationary interval remains necessary. Partial
viability records claim-specific success without promoting it to a complete replacement. Failure
rejects the tested realization or mechanism, not every possible nonstandard prehistory.

239 Paper II Results and Limits

239.1 What the paper establishes

Paper II establishes a mathematical test architecture that:

1. separates sectoral Electro motion from metric inflation;

2. defines raw and retained full-history causal reach;

3. defines the angular horizon statistic Qhor;

4. derives the conditional curvature no-suppression result within standard fixed-k Friedmann–
Lemaître–Robertson–Walker evolution;

5. specifies singular-opening, outer-reversal, and central-reversal transfer requirements without
treating the internal reversals as singularities;

6. defines the central primordial covariance and its thermal handoff;

7. specifies joint cosmic microwave background and structure tests;

8. distinguishes observational recovery from historical identification; and

9. defines finite-parameter comparison, complexity control, and claim-specific failure conditions.
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239.2 What the paper does not establish

Paper II does not supply the microscopic identity of Electro, the force causing either reversal, a
quantum theory of the singular opening, exact first- and second-leg backgrounds, a derived Gravity
Triune action, a stable central-transition action, numerical horizon or curvature success, the measured
primordial spectrum, a recovered cosmic microwave background likelihood, or observational evidence
identifying the three-leg history. These remain explicit dependencies rather than hidden assumptions.

240 Series Boundary and Dependency Map

The four-paper series assigns different tasks to different levels of the framework. No paper may
borrow an unresolved result from another as though it were already derived.

Table 6: Primary ownership and dependency boundaries in the first four papers.

Paper Primary ownership Boundary carried forward

Paper I Frozen architecture, terminology,
one-singularity history, Gravity
Triune roles, candidate mechanisms,
and claim discipline.

Does not provide the full causal,
curvature, dynamical, or numerical
solution.

Paper II Inflation benchmark, full-history
causal test, curvature transfer,
transition requirements, primordial
covariance, observational recovery,
and falsification architecture.

Uses effective sector functions but does
not derive their underlying covariant
microphysics.

Paper III Candidate
binding–scaffolding–chasing
dynamics, total conservation,
interaction currents, stability, and
background/perturbation
equations.

Must supply or constrain the effective
functions used here without assuming
Paper II has already established viability.

Paper IV Packet reconstruction, global
mapped geometry, cumulative
growth representation, numerical
sensitivity, and comparison with
Triple Bounce and standard Big
Bang timing.

Must not use the packet correspondences
as substitutes for the continuous causal,
curvature, and perturbation tests defined
in Paper II.

The provisional 13.824-gigayear, 46.08-gigalight-year, 10/3, and 1.0283 correspondences belong
to the calibrated packet program. Paper II does not use them to establish causal sufficiency,
curvature suppression, or an inflation replacement. Their reconstruction and physical interpretation
remain Paper IV responsibilities.
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241 Completion Dependencies Across Papers II–IV

The remaining calculations are ordered by dependency rather than by paper length.

241.1 Shared background and conservation

Paper III must supply a covariant or otherwise explicit dynamical realization from which Paper II
can obtain one background a(t), H(t), RE(t), ρi(t), pi(t), Qi(t) across all legs and finite transitions.
Global expansion throughout the hidden legs is a candidate branch to be solved, not an assumption
that every realization must obey.

241.2 Causal and curvature evaluation

Using the same background, Paper II must calculate the effective propagation laws, retained causal
domain, singular-opening curvature distribution, and complete curvature transfer. A viable model
requires a nonempty finite-measure region satisfying both the horizon and flatness criteria.

241.3 Finite transition dynamics

Paper III must constrain the outer and central transition dynamics, including total conservation,
stability, anisotropic stress, and any sector exchange. Paper II then derives the corresponding
background and perturbation transfer operators rather than fitting them independently.

241.4 Primordial covariance and thermal handoff

Paper II must propagate the inherited covariance through the central transition, derive the thermal
handoff, and establish a viable third-leg scalar, tensor, vector, and isocurvature state.

241.5 Observational propagation and comparison

The derived covariance must be implemented in an Einstein–Boltzmann solver and evaluated with
one frozen parameter ledger, declared priors, calibration and validation data, complexity control,
and at least one held-out linked prediction.

241.6 Global packet reconstruction

Paper IV reconstructs the packet hierarchy and units, audits the proposed 2.304-billion-year
candidate, tests sensitivity to approximate inputs, and compares the declared third-leg endpoint
structure with relevant cosmological benchmarks. Its final provenance audit excludes the 2.304-
billion-year candidate from the active hierarchy. Only after that reconstruction may numerical
correspondences be compared with the dynamical quantities used in Papers II and III.
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242 Minimum Mathematical Construction

A minimum closed Paper II model requires the following system.

242.1 Background equations

H2 = 8πG
3 ρtot − kc2

a2 , (1241)

ä

a
= −4πG

3

(
ρtot + 3ptot

c2

)
, (1242)

and

ρ̇i + 3H
(
ρi + pi

c2

)
= Qi. (1243)

242.2 Sector trajectory equation

R̈E + ΓEṘE + ∂Veff
∂RE

= FE . (1244)

This schematic equation must eventually be replaced by a covariant field law.

242.3 Causal propagation

χj(k) =
∫

Ij

c
(j)
eff (t, k)
a(t) dt. (1245)

242.4 Curvature transfer
d ln |Ωk|

dN = 2 (ϵH − 1) + Sk. (1246)

The standard model has

Sk = 0. (1247)

242.5 Perturbation transfer

X+
C = MC(k)U2(k)MO(k)X−

O + Ntot(k). (1248)
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242.6 Observational propagation

CXYℓ = 4π
∑
A,B

∫ dk
k

PAB(k)∆X
ℓ,A(k)∆Y

ℓ,B(k). (1249)

These equations define the minimum closed calculation required to move beyond conceptual
architecture.

243 Core Testable Hypotheses After Paper II

The completed Paper II architecture yields seven central hypotheses.

Hypothesis 243.1 (Full-history causal extension). The first and second legs provide a non-negligible
retained causal extension beyond the third-leg-only history.

Hypothesis 243.2 (Causal sufficiency). The retained full-history causal domain is large enough to
prepare the required last-scattering separations.

Hypothesis 243.3 (Balanced boundary-curvature concentration). A singular-opening boundary
prescription constrained by the balanced pre-singularity state produces a distribution of resolved
classical curvature concentrated near zero.

Hypothesis 243.4 (Near-flat curvature survival). The complete hidden and observable history
propagates the resolved boundary curvature through both nonsingular reversals into the observationally
allowed present range.

Hypothesis 243.5 (Stable central conversion). A finite stable central transition converts the
inherited two-pass state into an acceptable third-leg perturbation covariance.

Hypothesis 243.6 (CMB recovery). The derived central state reproduces the measured microwave-
background temperature, polarization, damping, and lensing observables.

Hypothesis 243.7 (Historical residue). At least one linked observable retains information that
specifically depends on the ordered two-reversal history.

Each hypothesis may fail independently. No conjunction of these hypotheses is called “the Triple
Bounce claim.” A maximal all-function replacement package requires the relevant counterclaims to
pass jointly, but failure of one does not reject the triple directional history or the other independent
claim families.
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244 Final Decision Logic

The final scientific classification follows the sequence below.

1. Does a regular global background exist?

2. Does it preserve total energy–momentum conservation?

3. Does it remain free of fatal instabilities?

4. Does the full retained causal history satisfy

Qhor ≥ 1? (1250)

5. Does the same background satisfy

|Ωk,0| < Ωmax
k,obs? (1251)

6. Does the central transition generate an acceptable primordial covariance?

7. Does the derived covariance reproduce the cosmic microwave background?

8. Are the required parameters identifiable?

9. Does the model remain competitive after complexity penalties?

10. Is an independent inflationary stage still necessary?

11. Does a distinctive historical residue survive?

The outcome is then classified as:

{replacement, complement, partial viability, generic prehistory, failure} . (1252)

245 Conclusion and Compact Test Set

Paper II asks whether inflationary inference may be partly an incomplete-history effect. It does
not answer that question by invoking a longer duration, an outward Electro trajectory, or inherited
structure alone. The proposal survives only if one derived physical history satisfies the complete
causal, curvature, transition, perturbation, thermal, and observational burden.

The minimum causal condition is

Qhor(k, θ) = 2χ(123)
ret (k)

dk(χ∗, θ)
≥ 1. (1253)
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The same background must satisfy

|Ωk,0| = T
(res→0)
k |Ωk,res| < Ωmax

k,obs. (1254)

The central output must be derived from the ordered transfer,

X+
C = MCU2MOX

−
O + Ntot, (1255)

and must yield an observationally viable third-leg covariance,

CTB ∈ VCMB. (1256)

A positive historical identification carries the additional burden

∆Ohist ̸= 0 (1257)

at a measurable, independently validated level after comparison with inflationary feature models
and other prehistories.

The present result is therefore a reciprocal test architecture, not a completed validation. Its
declared thesis is that the full three-leg history replaces the separate inflationary stage and the single-
direction historical reconstruction. Replacement, restricted package, non-identification, degeneracy,
and claim-specific rejection remain empirical outcomes. Each outcome must land on the exact claim
tested, and neither side receives automatic validation from the local failure of the other.
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