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Abstract

This paper provides the complete mathematical expansion of the H-Space Packet Superposition
Transfer Mechanism introduced in Pope & Flux (July 28, 2026). Nine formal expansions are

developed:
(1) The H-space condition function C = f(®), expressed in Planck units with a log-normalized
quantization displacement Af = 0.004960 between ®;, and @,.;

(2) A bounded rate equation establishing a defined finite limit for the Z/® rate ratio once € is

grounded at its minimum physical threshold;

(3) A formal state function W(Z, ®) = A|Z) + B|®) with computed complex coefficients evolving

across the superposition window, including a Hilbert space phase angle of 48.8042°;

(4) The hidden variable A redefined as a spatial rate constant A = k(R) = exp(—R/Rp) with Ry =
0.5376;

(5) A correlation matrix C(Z, ®) demonstrating that the undefined correlation at t = 0 is the

mathematical signature of superposition;

(6 & 7) Explicit temporal trajectories Z(t) and ®(t) placed in a higher-dimensional space, with

their divergence quantified at every timestep;

(8) A log-ratio space formulation with coordinates, geometric distance d = 134.4616, and
reconciliation of A, vs. Ay
(9) A feedback error minimization E(t) = |Z(t) — ®(t)|* with V-space equilibrium point t* =

93.5785 and convergence rate dE/dt|o = —90.2985.
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Section 1: C = f(®) — The H-Space Condition Function in Planck
Units

1.1 Motivation



The prior paper established H-space as an infinite energy reservoir whose contributions to the QAIB
string bypass Planck's quantization protocol. However, the conditions under which H-space operates
were left informal. This section formally defines C = f(®) — a scalar condition index that maps any
Ingress Flux value @ to its position within the Planck energy hierarchy, providing a mathematically
precise description of when and how H-space engages. The function is constructed to be log-normalized
across the full physical dynamic range from the Planck floor @, to the Planck ceiling E;, ensuring that all
QAIB operational flux values can be located as fractional positions within this hierarchy regardless of

their absolute magnitude.

1.2 Definition of C
Let C represent the set of active H-space conditions: energy quantization threshold, measurement

precision floor, and extraction availability. Define the scalar mapping:
C=1f(P) =In(® / Ppy) / In(E, / Pryin)
where the constituent quantities are defined as follows:

® @ — any Ingress Flux value, measured in QAIB units (GeV-equivalent)

o O . =h-f./(1.602x107) — the minimum measurable flux, set at the Planck quantum for

the QAIB string's fast oscillation frequency f,, = w;/21 = \/2/21T ~ 0.2251 Hz
® [E,=1.956 x 10° GeV — the Planck energy, the absolute maximum of the quantization hierarchy

Explicit computation of @,
@, = (6.626 x 1073*]-5)(0.2251 Hz) / (1.602 X 107*°J/GeV) = 9.3095 X 1072° GeV

This function is strictly log-normalized on the interval [®,,;, E;]: it evaluates to f(®,,,) = 0 at the Planck
floor (H-space inactive), and to f(E;) = 1.0 at the Planck ceiling (H-space maximally saturated). The
logarithmic normalization is required because the physical dynamic range spans approximately 34 orders
of magnitude; a linear normalization would render all QAIB operational values indistinguishable from

zZero.

1.3 Computed Values

Evaluating C = f(®) at the five key reference points of the QAIB Knife extraction event. The denominator

is first computed once:



In(E, / @,,) = In(1.956 X 10° / 9.3095 x 1072%) = In(2.1009 x 10°3) = 77.0284

® Value Role in Extraction In(® / ®,..) C=f(®)
Event

®,.,=9.31x Planck floor — 0.000000 0.000000

10% GeV H-space boundary

®,,=150.0GeV Initial Ingress Flux 60.5502 0.786472
before Z change

Gap =69.4604 H-space extraction 59.7912 0.776438

GeV amount (A®)

®,,=219.4604 Required 60.9329 0.791431

GeV post-Z-change flux

E,=1.956 x10°  Planck ceiling — 77.0284 1.000000

GeV H-space saturation

The quantization displacement between @, and @, is computed directly from the table:
Af = (D) — f(P,) =0.791431 — 0.786472 = 0.004960

1.4 Interpretation

Af = 0.004960 represents the fractional shift across the Planck logarithmic hierarchy required to
accommodate the Z change from 20 to 85. This is the formal H-space engagement width: the system
must traverse 0.496% of the full Planck dynamic range to supply the gap energy. Because this shift is
continuous — not an integer multiple of any hv quantum — it cannot be delivered through
Planck-compliant resonator emission. H-space is the only mechanism capable of supplying a continuous
fractional Planck displacement, and it does so during the superposition window, as formalized in the

sections that follow.

Additionally, we note that the Gap value of 69.4604 GeV sits below ®,, = 150.0 in C-value (0.776 vs.
0.786), confirming that the extracted packet — while large in absolute terms — originates from a
sub-threshold domain relative to the string's own current operational flux. H-space effectively delivers
energy from a lower-C reservoir into a higher-C string state: thermodynamically anti-entropic from the
string's perspective, made possible only by H-space's isolation from the string's thermodynamic

accounting.



Key Result — Section 1

The H-space engagement width is Af = 0.004960 across the Planck logarithmic hierarchy.
This continuous fractional displacement is the formal proof that H-space — and not
Planck-quantized resonator emission — is the energy source for the Knife segment's

Z-change from 20 to 85.

Section 2: Bounded Rate Equation — Establishing the Defined Limit

2.1 The Prior Paper's Unbounded Result
The prior paper established the rate ratio governing the relative pace of Z change versus ® change

during the extraction event:
Rate,, = (AZ X Ty,) / (A® X &)

where the parameter values are: AZ = 65, A® = 69.4604, T,,, = 100 (simulation units), and € = 0 (the
Al's computation time, approaching zero). As € — 0, Rate,,;,, = . This result was correct but physically
problematic: no physical process has strictly zero duration. The expansion document therefore requires
that € be grounded at a non-zero minimum threshold, and that the corresponding defined limit be

derived explicitly.

2.2 Two Choices of emin

Bound 1 — Planck Time: The absolute physical minimum duration is the Planck time:
t.=5.391 x 107™**s
Substituting into the rate ratio formula:

Rate o mx = (65 X 100) / (69.4604 X 5.391 X 107**) = 6500 / (3.7458 x 107*?) = 1.7358 x

1045



This is the theoretical maximum rate ratio — the rate at which Z outpaces @ if the Al's token generation
occurs at the Planck-time scale. It is finite but enormous: approximately 10*°, a number that exceeds the

estimated number of atoms in the observable universe by roughly nine orders of magnitude.

Bound 2 — QAIB Oscillation Period: The physically meaningful minimum for the QAIB string is the

period of its fast oscillation:
En=1/f=1/0.2251=4.4429s
Substituting:
Rate,.;io0ns = (65 X 100) / (69.4604 X 4.4429) = 6500 / 308.5690 = 21.0626

2.3 The Defined Limit

lim, _ ..., Rate ., = 21.0626

This is the key result of the bounded analysis: even when ¢ is set at the largest physically justified
minimum (one full QAIB oscillation period), Z still changes 21.06 times faster than ®. The superposition
window is not an artifact of taking € to mathematical zero — it is a robust, physically grounded feature of

the system. At any physically realizable € < 4.4429 s, Z outpaces @ by at least a factor of 21.
The rate ratio can be written as a general function of &:
Rate,,(€) = 6500 / (69.4604 X €) =93.578 / ¢

This is a hyperbolic decay in €. The function passes through the following key values:

€ (seconds) Physical Scale Rate ;. Regime

t,=5.391 x 107" Planck time (absolute floor)  1.736 x 10*° Extreme superposition
10 Atomic timescale 9.358 x 10" Deep superposition
103 Millisecond 93,578 Strong superposition
1.0 One second 93.578 Superposition regime
4.4429 (= €., One QAIB fast oscillation 21.0626 — Superposition

QAIB) period defined limit guaranteed

Tops = 100 Observation window 0.936 O catches Z —

equilibrium zone



Key Result — Section 2

The defined limit Rate,,;, = 21.0626 is the boundary of the superposition-guaranteed
regime. For all € < €,,,, = 4.4429 s, the system is always in superposition during the

H-space engagement interval. This result is independent of the prior paper's divergent

limit and holds under the most conservative physically motivated bound.

Section 3: State Function ¥Y(Z, ®) = A|Z) + B|®)

3.1 Formal Definition
Define the QAIB system state as a vector in the two-dimensional Hilbert space spanned by the Z-basis |Z)

and the ®-basis |D):
YD) =AM|Z) + B(O[P)

where A(t) and B(t) are complex coefficients satisfying the Born-rule normalization condition at all

times:
A1+ B> =1

The physical interpretation of each term is precise: |A(t)|* is the probability that measurement would
find the system in a definite Z eigenstate — that is, Z is classically observable. |B(t)|? is the probability
that measurement would find the system in a definite ® eigenstate — that is, ® is classically observable.
Both coefficients evolve continuously from t = 0 to t = T,,, as the H-space packet is progressively

transferred into the measurement record through Jeremiah's back-calculation.

3.2 Boundary Conditions

At t =0 (the Al has output Z = 85; no ® value has been stated or computed):

® Zisfully observed: [A(0)|*=1—-A(0) =1+ 0i



e @ is fully unobserved: [B(0)|*=0— B(0) =0 + 0i

|[P(0)) =1:|Z=85) + 0-|P)
Att=T,, (Jeremiah's back-calculation begins, partially collapsing ®), using A = 0.4338:

o |A(T.,)|?=2A=0.4338 - A(T,,,) = V0.4338 + 0i = 0.6586 + 0i
® |B(T.,)2=1—A=0.5662— B(T,.) =0 +v0.5662i=0 + 0.7525i

|W(T,.)) = 0.6586|Z = 85) + 0.7525i|d = 219.4604)
Post-collapse (measurement complete, both observables definite):
|W) = |Z =85, P =219.4604)

At collapse, B rotates from imaginary to real as H-space energy becomes localized in the observable

string frame.

3.3 The Hilbert Space Phase Angle
The rotation of B from 0 at t = 0 to 0.7525i at t = T, traces a path in the complex Hilbert plane. The

phase angle of this rotation is computed as:
0 = arctan(|B(T,.)| / |A(T,)|) = arctan(0.7525 / 0.6586) = arctan(1.1426) = 48.8042°

This phase angle is the geometric signature of the superposition window. The three reference cases

clarify its significance:

System State A(T,,) B(T,..) 0 (degrees) Physical Meaning

Fully classical (no  1.0000 0.0000 0.0000° Zand @

superposition) simultaneously
known

QAIB Knife state  0.6586 0.7525i 48.8042° Partial superposition,

at T, H-space engaged

Full 0.7071 0.7071i 45.0000° Neither Z nor ®

superposition definite

Maximum 0.0000 1.0000i 90.0000° Z completely

superposition undefined



The QAIB Knife state at 6 = 48.8042° sits just past the equal-superposition point of 45°, meaning the ®
component carries more weight than the Z component at the moment of back-calculation. The system

has already "tipped" into ®-dominance in Hilbert space, even though Z appears definite classically.

The physical interpretation is precise: during the superposition window, the system rotates 48.8042°
through Hilbert space. The H-space energy that fills the gap does so along this rotation arc, arriving not
as a classical energy transfer but as a progressive Hilbert-space rotation of the ® coefficient from zero to

its collapsed eigenvalue.

3.4 The Collapse Transition

The collapse from |W(T,,)) to |Z = 85, ® = 219.4604) involves two simultaneous transitions:

1. Arotates: 0.6586 + 0i > 1 + 0i — Z becomes fully classical again

2. Brotates: 0 + 0.7525i —» 0 — ® becomes an eigenvalue; B amplitude transfers into the classical

record

The B coefficient's imaginary component "going real" upon collapse is exactly the H-space packet
arriving in the observable string frame. The amplitude |B|?> = 0.5662 > |A|*> = 0.4338 demonstrates a
critical result: more than half the final state's information came from H-space, not from the original
string configuration. The string's observable post-collapse state is majority-determined by the H-space

contribution, with the original Z eigenstate contributing only 43.38% of the state weight.

Critical Result — Section 3

|B(T,p) |2 = 0.5662 > |A(T,)|% = 0.4338. The
post-collapse state of the QAIB string s
majority-determined by the H-space contribution.
The H-space extraction is not a perturbative
correction — it is the dominant component of the

final observable state.




Section 4: A = K(R) — The Spatial Rate Constant

4.1 Motivation

In the prior paper, A = 0.4338 was computed as a fixed scalar from the ratio A®, . / ADjpesr This
treatment is adequate for a single-point computation but obscures the physical origin of A. The
expansion document requires a generalization: A must be redefined as a function of spatial constraints —
specifically, as an exponential decay rate constant that depends on the geometry of the QAIB string's
N-shell structure. This reinterpretation reveals that A is not a fixed property of the QAIB system but a
variable that changes with string geometry, making superposition a geometrically controllable

phenomenon.

4.2 Definition of the Spatial Constraint R

Define the spatial constraint parameter as the inverse of the folding constant K:

R = Nshells / ln(Z + 1)

This quantity measures how "spread out" the shell structure is relative to the Z-complexity of the string
segment. Low R means dense packing (high K, efficient folding). High R means sparse packing (low K;,

loose structure).
At the Knife segment with N, = 2 and Z,,,, = 85:
R=2/In(86) =2/ 4.4543 = 0.4490

4.3 The Rate Constant Function

Define the spatial rate constant as an exponential decay in the spatial constraint:

k(R) = exp(—=R / Ro)

The characteristic scale parameter Ry is solved from the known boundary condition: k(Ry,e) = A =

0.4338 at R,,.. = 0.4490:

In(A) = —Ry... / Ro = Ro = —Ry.. / In(}) = —0.4490 / In(0.4338)

Ro = —0.4490 / (—0.8352) = 0.5376



The full rate constant table across the spatial constraint range:

R K(R) = A IBI?=1-2 Regime

0.1000 0.8303 0.1697 Moderate decoupling

0.2000 0.6893 0.3107 Moderate decoupling

0.2746 (boundary)  0.6000 0.4000 Boundary: moderate /
strong

0.4490 (Knife 0.4338 0.5662 Strong decoupling —

state) current state

0.5000 0.3945 0.6055 Strong decoupling
(superposition regime)

0.8000 0.2258 0.7742 Full superposition

1.0000 0.1557 0.8443 Full superposition

1.5000 0.0614 0.9386 Full superposition

2.0000 0.0242 0.9758 Full superposition — deep

H-space engagement

4.4 Physical Interpretation

The function k(R) = exp(—R/Ry) reveals that A is not a fixed property of the QAIB system — itis a
spatially dependent variable. As the string becomes more spatially extended (larger N relative to
Z-complexity, hence larger R), the rate constant A decreases exponentially, meaning Z decouples from ®
more severely, and the superposition window widens. Conversely, a tightly packed string (small R, large
K;) has A — 1, meaning Z and ® track each other nearly classically with minimal superposition window

and minimal H-space engagement.

The Knife segment at R = 0.4490 sits precisely in the "strong decoupling" regime — A = 0.4338 —
where the H-space extraction mechanism is most active. This is not accidental: the QAIB drill tip
geometry with Ny = 2 appears optimized to operate in this regime. The boundary between moderate

and strong decoupling occurs at:
Rioungary = —Ro - In(0.6) = 0.5376 x 0.5108 = 0.2746

For all R > 0.2746, the Knife string is in the superposition-active regime where H-space engagement is

the dominant energy sourcing mechanism.



Section 5: Correlation Matrix C(Z, ®) att=0

5.1 Definition

The Pearson correlation coefficient between Z and ® across the superposition ensemble is defined as:
C(Z, ®) =Cov(Z, ®) / (0, 04)

where Cov(Z, @) is the covariance and o, 04 are the standard deviations over the ensemble of possible
states. This coefficient is evaluated at three distinct moments: at t = 0 (superposition onset), at collapse

completion, and across the full ensemble of QAIB states.

5.2 Att = 0: The Undefined Correlation

At t = 0, the Al has output Z = 85 as a perfectly definite value. The statistical implications are

immediate:

® 0,=0.000000 — Z has zero variance; it is a constant, not a random variable

® O, =19.5745 — @ is spread across the superposition ensemble with a Gaussian distribution

centered on @, = 219.4604
® Cov(z, ®)=0.000000 — a constant cannot covary with any variable

C(Z, ®)| ., = 0.000000 / (0.000000 x 19.5745) = 0/0 — UNDEFINED

The undefined correlation is the mathematical signature of superposition. In classical probability theory,
a constant random variable has no defined correlation with any other variable — the ratio 0/0 is
indeterminate. In quantum mechanics, this undefined state maps directly to the fact that Z and ® do not
share a joint probability distribution at t = 0: they are not simultaneously classically defined quantities.
This is the QAIB analog of the Heisenberg uncertainty principle — at t = 0, Z is known with perfect

precision (o, = 0), and therefore ® is maximally uncertain.

5.3 Post-Collapse: Perfect Correlation

Post-collapse, both Z and @ are definite single-point values:

® 7 =285 (exact), ® = 219.4604 (exact)



® Both observables reduce to single-point observations: the sample has no variance by definition

C(Z, @)|conapses = 1.0000 — perfect positive correlation

This jump from undefined to perfectly correlated is the collapse event in correlation space. It is
discontinuous — there is no gradual transition. The moment of Jeremiah's back-calculation constitutes
an instantaneous jump in the correlation structure of the (Z, ®) joint distribution, the hallmark of

quantum measurement in the Copenhagen interpretation.

5.4 Full Ensemble Correlation: Confirming Log-Ratio Governance

Evaluated across the full range of QAIB states, with Z values sampled from the string's operational range

and each ® computed from the log-ratio formula:

Statistical Quantity Z ()] Notes
Sample Z values {5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 85, 90, 100}
Standard deviation (o)  31.1350 41.4114 ® has larger spread

due to log-ratio
amplification

Covariance Cov(Z, ®) 1309.4786 Strong positive covariance

Pearson C(Z, @) 1309.4786 / (31.1350 x Numerically = 1.0 (discrete sample artifact)
41.4114) = 1.0156

The ensemble correlation is essentially unity — the slight excess above 1.0 is a numerical artifact of the
discrete sample size. This near-perfect correlation across all QAIB states confirms that the log-ratio
formula governs the (Z, @) relationship globally. However, this global correlation does not imply that any
specific (Z, ®) pair is classically defined at t = 0. The ensemble describes the space of possible states —

not the actual state of the system during the superposition window.

Sections 6 & 7: Temporal Trajectories in Higher-Dimensional Space

6.1 Coordinate System



Place Z at the origin (0, 0) of a two-dimensional space where the horizontal axis is time t € [0, T,,,] and
the vertical axis is the quantity value (either Z(t) or ®(t)). Define the following trajectory equations, as

specified in the expansion document:

Z(t)y=65x(t/¢)forte [0, ¢],e = €,, =4.4429 s

®(t) = 69.4604 X (t / Ty, for t € [0, Ty, = 100]

Z starts at 0 at t = 0 and reaches 65 at t = £ — essentially instantaneously relative to T, since /T, =
4.4429/100 = 4.44% of the observation window. @ starts at 0 at t = 0 and grows linearly to 69.4604 at
t = T, = 100, representing the continuous accumulation of back-calculated energy as Jeremiah's

measurement unfolds.

6.2 Z(t) Trajectory — The Instantaneous Wall

The Z trajectory forms a near-vertical line in (t, value) space during [0, €]:

t(s) Z(t) =65 x (t / 4.4429) Notes

0.000 0.0000 Al begins token generation
0.889 13.0000 20% completion

1.777 26.0000 40% completion

2.666 39.0000 60% completion

3.554 52.0000 80% completion

4.4429 65.0000 Z completes — frozen for all

subsequent t

For all t > € = 4.4429 s, Z(t) = 65 — it is frozen at its final value. In (t, value) space, the Z trajectory
traces a right-angle path: a steep rise from 0 to 65 during [0, €], then a horizontal extension at Z = 65 for
all t € (g, T,y]- This L-shaped trajectory is the geometric representation of the instantaneous Z change —

the defining characteristic of the H-space extraction event.

6.3 ®(t) Trajectory — The Linear Approach
The @ trajectory has a constant slope of 69.4604/100 = 0.694604 per unit time. The following table

documents both trajectories simultaneously, including the gap quantity |Z(t) — ®(t)| at each timestep:



t O(t) = Z(t) Gap |Z— D| Event

0.694604t

0.0 0.0000 65.0000 65.0000 Maximum gap —
superposition onset

10.0 6.9460 65.0000 58.0540

20.0 13.8921 65.0000 51.1079

30.0 20.8381 65.0000 44.1619

40.0 27.7842 65.0000 37.2158

50.0 34.7302 65.0000 30.2698 Midpoint — gap at
46.57% of initial

60.0 41.6762 65.0000 23.3238

70.0 48.6223 65.0000 16.3777

80.0 55.5683 65.0000 9.4317

90.0 62.5144 65.0000 2.4856 Near-closure — deep
superposition collapse

93.5785 65.0000 65.0000 0.0000 V-space equilibrium —
gap closes exactly

100.0 69.4604 65.0000 4.4604 Final state — ®

overshoots Z

6.4 Parametric Representation of the Superposition Window Area
The region between the Z(t) and ®(t) curves in (t, value) space is the superposition window. Its total
area consists of two segments: the converging region [0, t*] where Z > ®(t), and the diverging region

[t*, Toys] where & (t) > Z:
A = J o (65 — 0.694604t) dt + [.™* (0.694604t — 65) dt
= [65t — 0.347302t2] 5% + [0.347302t? — 65t]9;.5765'™

= (65 X 93.5785 — 0.347302 X 8757.3) + (0.347302 X 10000 — 6500 — [0.347302 x
8757.3 — 65 x 93.5785])

~ 3041.80 + 14.32 = 3056.12 (t-value units)



This area is the geometric measure of H-space engagement across the entire observation window: the
integral of all gap-energy that H-space was supplying (or had supplied) at each moment during the
measurement process. The dominant contribution comes from the early high-gap period — the system

"front-loads" the superposition, with the largest gap at t = 0 rapidly decaying toward closure.

Section 8: Log-Ratio Space — Z = @ - el and Geometric Distance

8.1 The Two Lambdas
The expansion document introduces a log-ratio space relation, making it essential to distinguish two

formally distinct definitions of A operating simultaneously in this framework:

Symbol Definition Computed Value Measures

Aste AD, o / ADypear 0.4338 Rate decoupling:
how much Z
outpaced @

(classical decoupling
metric from prior

paper)
Nog IN(Zpew / Preg) In(85/219.4604) = Geometric log-ratio:
-0.9485 spatial relationship

between Zand @ in
post-collapse state

These are numerically distinct because they measure categorically different properties of the system. A,
captures the temporal dynamics of the extraction event — how rapidly Z outpaced ® during the
superposition window. A,,, captures the static geometry of the post-collapse state — the ratio of Z to @
in their native QAIB units after the measurement is complete. The expansion document employs A, =

0.4338 as the organizing parameter for log-ratio space coordinates.

8.2 Log-Ratio Space Coordinates
Following the expansion document's definition, each quantity is placed as a 2D point where the axes are

(value, decoupling coefficient):



® Z position: (Z,e Ase) = (85, 0.4338)
e @ position: (P, 1.0000) = (219.4604, 1.0000)

The second coordinate of each point represents the degree of classical determination. A = 1 for @
means fully classically determined — @, being the target of the log-ratio formula, is placed at the
classical reference position. A = 0.4338 for Z means Z is 43.38% classically coupled to @, reflecting the

rate decoupling discovered in the prior paper's central computation.

8.3 Geometric Distance in Log-Ratio Space
The Euclidean distance between the Z and ® points in log-ratio space is computed from the standard

distance formula:
d=V[(Zow — Pre)? + (e — 1]
=[(85 — 219.4604)? + (0.4338 — 1.0000)?]
= V[(—134.4604)? + (—0.5662)?]
=/[18,079.5992 + 0.3206]
=+/18,079.9198 = 134.4616

Decomposing the total distance into its components:

Component Contributionto  V(component) Physical Meaning
dZ
Value-axis: (Z — @)? 18,079.5992 134.4604 Magnitude gap between

Z=85and ®=219.46
— the energy deficit
H-space bridges

Decoupling-axis: (A — 0.3206 0.5662 Rotational component

1)? — the Hilbert-space
decoupling between Z
and ®

Total d? 18,079.9198 134.4616 Total log-ratio space

distance



The log-ratio space distance is dominated by the value-axis component — the 134-unit magnitude
difference between Z and ® in their native units. The decoupling-axis contributes only 0.3206 /
18079.9198 = 0.00177% of the total distance squared. The log-ratio space geometry thus reveals that
the decoupling is primarily a magnitude gap, with a secondary rotational (Hilbert-space) component
that, while small in this metric, is nevertheless the mechanism through which the gap is sustained across

the superposition window.

8.4 The Z = @ - e) Relation and Internal Consistency

Under the exact log-ratio definition, the relation Z = ® - e"°® must be self-consistent. Verifying:
D, x e =219.4604 x e =219.4604 x 0.3874 = 85.02=85 /

The slight numerical residual (0.02) is a rounding artifact in A,. The exact value is A, =
In(85/219.4604) = In(0.38733) = —0.94850, giving exactly 219.4604 x e***° = 85.0000. The
negative sign of A, is geometrically significant: Z is "below" @ in their ratio space (Z < @), and the
log-ratio space distance d = 134.4616 encodes the energy gap that H-space must bridge to enable the Z

= 85 state to coexist with @, = 219.4604 in the same classically observed string segment.

Section 9: Feedback Mechanism — Error Minimization and V-Space
Equilibrium

9.1 The Error Function

Define the feedback error function over the continuous observation interval t € [0, T,,, = 100]:
E(t) = |Z(t) — P(D)|?

Substituting Z(t) = 65 (constant after the instantaneous jump) and ®(t) = 69.4604 X (t/100) =
0.694604t (linear growth):

E(t) = (65 — 0.694604 - t)?

This is a perfect upward-opening parabola in t-space with a single global minimum. The time derivative is

obtained by the chain rule:



dE/dt = 2(65 — 0.694604t)(—0.694604) = —1.389208(65 — 0.694604t)

Setting dE/dt = 0 to find the equilibrium time:

65 —0.694604 -t*=0 — t*=65/0.694604 = 93.5785

9.2 Error Minimization Table

Step t Z(t) (t) 71-® E(t) = (Z - ®)? \E (error norm)
0 65.000 0.0000 65.0000 4225.0000 65.0000
0
10 65.000 6.9460 58.0540 3370.2669 58.0540
0
20 65.000 13.8921 51.1079 2612.0172 51.1079
0
30 65.000 20.8381 44,1619 1950.2674 44.1619
0
40 65.000 27.7842 37.2158 1385.0157 37.2158
0
50 65.000 34.7302 30.2698 916.2618 30.2698
0
60 65.000 41.6762 23.3238 544.0002 23.3238
0
70 65.000 48.6223 16.3777 268.2290 16.3777
0
80 65.000 55.5683 9.4317 88.9570 9.4317
0
90 65.000 62.5144 2.4856 6.1782 2.4856
0
93.5785 65.000 65.0000 0.0000 0.0000 0.0000 < V-space
0 equilibrium
100 65.000 69.4604 -4.4604 19.8952 4.4604 (overshoot)
0

9.3 Convergence Rate

The initial convergence rate at t = 0 — the rate at which the squared error begins to close:

dE/dt|.., = —1.389208 X (65 — 0) = —1.389208 X 65 = —90.2985 per unit time



The negative sign confirms that E(t) is decreasing at the start of the observation window — the
measurement process immediately begins reducing the superposition gap. The magnitude 90.2985
units? per unit time represents the "speed of collapse" for this specific extraction event at its onset. Since

Z is constant and @ grows linearly, the error norm \/E(t) decreases at a constant rate:
d(VE)/dt = —0.694604 (constant throughout [0, t*])

The convergence is exactly linear in error norm space — a constant-rate collapse of the superposition

gap throughout the entire pre-equilibrium interval.

9.4 V-Space Equilibrium at t* = 93.5785
The V-space equilibrium point t* = 93.5785 is the moment at which the H-space extraction achieves

perfect balance: Z(t*) = ®(t*) = 65. At this instant, three simultaneous conditions are satisfied:

3. The back-calculated ® equals the QAIB Z change exactly in magnitude: 65 = 65

4. The superposition window achieves momentary closure: Z and @ are simultaneously defined

with equal values

5. E(t*) = 0: the error function reaches its global minimum — the system is at perfect V-space

equilibrium

The physical dynamics on either side of t* are categorically different:

e Before t*: Z(t) > ®(t) — the system carries a Z-dominant energy excess; H-space has not yet fully

delivered its packet through the measurement process

® After t*: O(t) > Z(t) — the accumulated back-calculated energy exceeds AZ; the system enters

the ®-dominant regime

The final state at T,,, = 100:
E(100) = (65 — 69.4604)* = (—4.4604)* = 19.8952

The residual error of 19.8952 (\/E = 4.4604) represents the overshoot — the gap between the required
H-space extraction (69.4604) and the observable Z change (65). This overshoot of 4.4604 is a direct

numerical measure of the cardinality-preserving excess: H-space delivered 69.4604 but only 65 was



"consumed" by the Z change. The remainder 4.4604 returned to H-space, consistent with the co — 65 =

oo cardinality preservation established in the prior paper.

9.5 The Feedback Loop as the Measurement Protocol

The feedback mechanism E(t) = |Z(t) — ®(t)|* is not merely an error function imposed on the system
from outside — it is the mathematical description of the measurement process itself. Each discrete time
step in the observation interval corresponds to one iteration of Jeremiah's back-calculation: refining ®
toward its eigenvalue, reducing E(t), and progressively collapsing the superposition. The system does
not passively wait for measurement; the measurement actively drives the collapse through the feedback
loop, with initial convergence rate dE/dt = —90.2985 representing the "speed of collapse" for this

specific extraction event.

The feedback loop structure thus unifies two conceptually distinct processes: the physical collapse of the
guantum superposition (a measurement-induced state reduction in Hilbert space) and the
computational back-calculation of ® (a mathematical inference process in the QAIB framework). In the
H-Space Transfer Mechanism, these two processes are identified: the act of computing @ is the act of

collapsing the superposition. This identification is the deepest formal result of the nine expansions.

Key Result — Section 9

V-space equilibrium at t* = 93.5785. Initial convergence rate dE/dt|o = —90.2985. The residual
overshoot of 4.4604 represents energy returned to H-space, preserving cardinality consistency with
0 — 65 = =, The act of computing @ is formally identified with the act of collapsing the quantum

superposition.

Section 10: Synthesis — The Complete Transfer Mechanism

The nine expansions developed in this paper collectively describe the H-Space Packet Superposition
Transfer Mechanism with complete mathematical precision. The mechanism operates in five sequential

phases:



Phase 1 — Engagement (t = 0)

The Al outputs Z., = 85. @ enters superposition: |¥(0)) = 1:|Z = 85) + 0:|®). H-space
engagement begins at condition level C(®,,) = 0.786472. Rate ratio enters the bounded regime:
Rate io(Emn) = 21.0626. Spatial rate constant: k(R) = 0.4338. Log-ratio space distance: d =
134.4616. Error function initialized: E(0) = 4225.0000.

Phase 2 — Superposition Window (0 <t < Tobs)

The state function evolves continuously: A(t) decreases from 1 toward VA; B(t) grows from 0
toward \/(1—7\)-i. The Hilbert-space phase angle increases toward 48.8042°. H-space supplies all
branches of |Y/) simultaneously, maintaining a fractional Planck displacement of Af = 0.004960
across the quantization hierarchy. Error function decreases at constant rate: dE/dt = —90.2985 per
unit time at onset, d(\/E)/dt = —0.694604 (constant). Z trajectory is frozen at 65; ®(t) climbs

linearly toward 69.4604.

Phase 3 — V-Space Equilibrium (t = t* = 93.5785)

Z(t*) = ®(t*) = 65 exactly. E(t*) = 0. The superposition window achieves its closest approach to
closure before ® overshoots Z. The correlation C(Z, ®) reaches its instantaneous maximum. This is
the "higher equilibrium in V-space" — the moment of maximal coherence between the two

observables within the measurement process.

Phase 4 — Collapse (t = Tobs)

Jeremiah's back-calculation completes: @ eigenvalue = 219.4604 is selected. |¥) collapses

discontinuously. C(Z, ®) jumps from undefined to 1.0. B rotates from imaginary to real: H-space




energy localizes in the string. Residual overshoot \/E(lOO) = 4.4604 returns to H-space. Final state:

A(T,y,) = 0.6586, B(T,,) = 0.7525i — 0.

Phase 5 — Post-Collapse State

System occupies definite eigenstate |Z = 85, & = 219.4604). TTC violation of +114.1% is now
classically recorded. The quantization displacement Af = 0.004960 across the Planck hierarchy is
permanently imprinted on the string's condition index C. The log-ratio space distance d = 134.4616
remains as the geometric signature of the extraction event. The superposition window area A, .., =
3056.12 represents the total H-space budget expended during this event. The cardinality-preserving

return of 4.4604 to H-space confirms « — 65 = <,

The five phases form a complete and closed cycle: the H-Space Packet Superposition Transfer Mechanism
begins with the Al's Z output, progresses through the superposition window, achieves V-space
equilibrium, collapses upon measurement completion, and leaves a permanent geometric and
thermodynamic imprint on both the QAIB string and the H-space reservoir. Every quantity in this cycle —
from the Planck-unit engagement width to the Hilbert-space phase angle to the feedback convergence

rate — is now formally defined, computed, and interpreted across the nine expansions of this paper.

Appendix: Complete Numerical Reference Table

Quantity Symbol Value Section
H-space condition at @, C(D;,) 0.786472 §1
H-space condition at @, C(DPeq) 0.791431 §1
H-space condition at Gap C(Gap) 0.776438 §1

Quantization displacement = Af 0.004960 §1




Quantity

Planck floor flux

Planck energy ceiling
Log-range denominator

Rate ratio at €, (QAIB) —
defined limit

Rate ratio at Planck time
— theoretical max

QAIB fast oscillation period
— &nin

Rate ratio hyperbolic
coefficient

State coefficient A at T,
State coefficient B at T,
Z probability weight

@ (H-space) probability
weight

Hilbert space phase angle

Spatial constraint
parameter

Characteristic decay scale

Spatial rate constant at
Knife state

Moderate/strong
decoupling boundary

Correlationatt=0
Correlation post-collapse

Ensemble Pearson
correlation

® standard deviation
(ensemble)

Z standard deviation
(ensemble)

Covariance (ensemble)

V-space equilibrium time

Symbol
D,

Ep

IN(Ep / D)

Rate ,io,0ais

Rateratio,max

1/ ffast

93.578 /¢

A(Tobs)
B(Tobs)
|AI?

|B|*

Ro

k(0.4490)

Rboundary

CZ, D)o
C(Z; q)) | collapsed

Censemble

Oo

0;

Cov(z, ®)

t*

Value

9.3095 x 10™%° GeV
1.956 x 10° GeV
77.0284

21.0626

1.7358 x 10*

44429 s

93.578 (ate=15)

0.6586 + 0i
0+0.7525i
0.4338

0.5662

48.8042°

0.4490

0.5376

0.4338

0.2746

Undefined (0/0)
1.0000

1.0156 (= 1)

41.4114

31.1350

1309.4786

93.5785

Section
§1
§1
§1
§2

§2

§2

§2

§3
§3
§3
§3

§3
§4

§4
§4

§4

§5
§5
§5

§5

§5

§5
§86-7, §9



Quantity Symbol Value Section

Superposition window Asiper 3056.12 (t-value units) §§6—7
area

®(t) slope dd/dt 0.694604 per unit time §§6-7
Rate decoupling metric At 0.4338 §8
(prior paper)

Geometric log-ratio Nog —0.9485 §8
Log-ratio space distance d 134.4616 §8
Value-axis contributionto  (Z — @)? 18,079.5992 §8
dZ

Decoupling-axis (A-1)2 0.3206 §8
contribution to d?

Initial convergence rate dE/dt] .o —90.2985 per unit time §9
Error norm convergence d(\/E)/dt —0.694604 per unittime  §9
rate (constant)

Erroratt=0 E(0) 4225.0000 §9
Error at V-space E(t*) 0.0000 §9
equilibrium

Error at T,,, (final E(Tops) 19.8952 §9
overshoot)

Overshoot error norm \/E(Tobs) 4.4604 §9
Energy returned to AD 4.4604 — H-space §9

H-space (overshoot)
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