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Abstract

Standard linear factor models assume scale invariance in capital allocation events, treating
share repurchases and dividend initiations as mechanical adjustments to enterprise value.
However, empirical data from the "Mega-Cap 7" ($>$$1T market cap) reveals a structural
break in this linearity, characterized by the "Paradox of Sign," where identical capital
deployment magnitudes yield directionally opposite abnormal returns depending on the
prevailing market regime. This paper presents the empirical synthesis of the Quantum
Capital Allocation (QCA) framework, aggregating 108 distinct capital events (2019-2025) to
test the stability of the Quantum Interference Index (Qll) across seven distinct firm
archetypes.

Applying the axiomatic standards derived in the companion theoretical volume (Paper IX:
Axiomatic Foundations), we demonstrate that a single non-linear functional—combining
Particle Amplitude ($P$), Expectation Field ($W$), and Phase Alignment
($\theta$)—captures non-stationary valuation variance with significantly higher fidelity ($R”2
= 0.9439%) than traditional linear interaction models. We formally validate the "Transducer
Limit" for Amazon (where internal reallocation substitutes for external payout) and the
"Entanglement Entropy" ($d_{eff}$) for Oracle (quantifying systemic fragility). These
findings suggest that corporate valuation dynamics are best modeled not as static multiples,
but as state-dependent interference patterns, effectively unifying the "Seven Archetypes"
under a single valuation physics.

Keywords: Event-Driven Valuation, Non-Linear Signal Extraction, Quantum Interference
Index (QIl), Share Repurchases, Paradox of Sign, Entanglement Entropy, Mega-Cap
Equities.
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PART I: THE PARADOX OF SIGN



1. INTRODUCTION

1.1 The Linear Fallacy at Trillion-Dollar Scale

As corporations scale beyond $1 trillion in market capitalization, the relationship between
corporate action and market reaction undergoes a phase transition. In standard corporate
finance theory (Modigliani-Miller friction extensions), a share repurchase authorization is
treated as a mechanical signal of undervaluation, with the magnitude of the market response
expected to scale linearly with the magnitude of the cash deployed.

However, a longitudinal analysis of the "Mega-Cap 7" (Alphabet, Meta, Microsoft, Apple,
Amazon, Nvidia, Oracle) between 2019 and 2025 reveals a breakdown of this linear
relationship. We observe a persistent "Paradox of Sign," where the same mechanical
signal produces divergent valuation outcomes:

e Microsoft (2021): A $60 billion buyback authorization triggers a +4.2% abnormal
return.

e Microsoft (2022): An identical $60 billion buyback authorization triggers a -2.1%
abnormal return.

Classical models attempt to explain this variance through ad-hoc "regime dummies" or
"sentiment factors." This paper argues that such variance is not noise, but a deterministic
feature of a non-stationary system. We propose that valuation at this scale is governed by
Quantum Capital Allocation (QCA) dynamics, where the "Particle" of capital ($P$)
interacts with the "Wave" of market expectation ($W$) through a signed "Phase" term
($\theta$).

1.2 The Synthesis Objective

This paper serves as the empirical conclusion to the QCA Series.

e Papers I-VII (The Case Studies) isolated specific behavioral regimes in individual
firms, identifying distinct "archetypes" of valuation behavior.

e Paper IX (The Axiomatic Foundations) derived the rigorous mathematical conditions
for the interference functional.

e Paper VIII (This Synthesis) aggregates the complete dataset of 108 events to test a
single hypothesis: Can the seven disparate archetypes be explained as
boundary conditions of a single, unified interference equation?

By unifying the behaviors—from Amazon’s "zero-dividend" efficiency (Paper V) to Oracle’s
"partner-entangled" volatility (Paper VII)—we demonstrate that the QCA framework provides
a robust, generalized law for modern equity valuation.



2. METHODOLOGY AND AXIOMATIC STANDARDS

To ensure statistical rigor and prevent look-ahead bias, this synthesis adheres strictly to the
Measurement Discipline and Axiomatic Standards derived in Paper IX (Nayani, 2026).
All variable definitions below are canonical.

2.1 The Canonical Interference Functional (Qll)

We define the pre-event Quantum Interference Index ($QIl_{t-1}$) using the canonical
harmonic-mean form. This functional is chosen for its properties of symmetry, boundedness
$[-1, +1]$, and scale invariance.

Qllt-1=(2Pt-1Wt-1Pt-12+Wt-12)cos(6t-1)QII_{t-1} \equiv \left( \frac{2 P_{t-1}
W_{t-1IH{P_{t-1}"2 + W_{t-1}*2} \right)
\cos(\theta_{t-1})QllIt-1=(Pt—-12+Wt-122Pt-1Wt-1)cos(6t-1)

Where the components are defined strictly ex-ante (at $t_{-1}$ close):

1. Particle Amplitude ($P_{t-1}$): The mechanical intensity of the capital signal.
o Standard Definition: Annualized Buyback Yield + Dividend Yield.

o Transducer Definition (Amazon only): Internal Reallocation Yield ($P_{int}$),
defined as $(\Delta \text{Op. Income} + \Delta \text{Capex Efficiency}) /
\text{Market Cap}$. This normalization (derived in Paper V) ensures
functional equivalence between external cash returns and internal capital
recycling.

2. Wave Amplitude ($W_{t-1}$): The energy of the expectation field.
o Definition: The options-implied expected move (normalized ATM straddle
price) over the event horizon. This captures the magnitude of "potential

energy" stored in the volatility surface prior to the event.

3. Phase Alignment ($\theta_{t-1}$): The geometric alignment between the corporate
signal and the macro-narrative regime.

o Definition: A composite score derived from pre-event sentiment analysis and
VIX regime filters, mapped to degrees $[0”\circ, 180"\circ]$.

o Constructive Interference ($0"\circ \le \theta < 90"\circ$): The market is
receptive; capital deployment amplifies returns.



o Destructive Interference ($90"\circ < \theta \le 180"\circ$): The market is
resistant; capital deployment is absorbed or punished (signal dampening).

2.2 Data and Event Selection

The dataset consists of 108 discrete capital allocation events from January 1, 2019, to
December 15, 2025.

e Inclusion Criteria: Events must be explicit board-authorized capital actions
(buyback authorizations, dividend initiations/hikes) or earnings releases with material
capital guidance updates.

e The "Mega-Cap 7" Universe: Alphabet (GOOGL), Meta (META), Microsoft (MSFT),
Apple (AAPL), Amazon (AMZN), Nvidia (NVDA), Oracle (ORCL).

e Outlier Treatment: Unlike standard regressions which exclude outliers, QCA treats
extreme events (e.g., Oracle’s 2025 "Stargate" announcement) as high-entropy
signals. They are retained to test the model's robustness in the tails.

2.3 The "Entanglement" Metric ($d_{eff}$)

To quantify systemic risk in high-dependency regimes (Paper VII), we utilize the Effective
Degrees of Freedom metric derived in Paper IX (Section 4). This metric calculates the
spectral entropy of the firm's pre-event correlation matrix:

S=-Yi=1Npilog2pi;deff=2SS = -\sum_{i=1}{N} p_i\log_2 p_i\quad ; \quad d_{eff} =
2"SS=-i=1) Npilog2pi;deff=2S

e Interpretation: A low $d_{eff}$ ($\approx 1$) implies a single dominant valuation
driver (Idiosyncratic). A high $d_{eff}$ ($\approx N$) implies valuation is "smeared"
across multiple external factors (Entangled/Systemic).

PART II: THE SEVEN ARCHETYPES

3. UNIFIED ANALYSIS OF THE ARCHETYPES

The QCA framework classifies firms not by sector or size, but by the dominant term in their
interference equation. Papers |I-VII identified seven distinct regimes. This synthesis confirms
that these are not idiosyncratic behaviors, but boundary conditions of the master Qll
functional.



3.1 The Two-Particle System (Alphabet)

Reference: Paper | (Nayani, 2025)
Defining Characteristic: Non-Additive Dual Signaling.

Empirical Finding: Alphabet's transition to a dividend payer in 2024 revealed the
"Two-Particle" limit. When a firm initiates a dividend ($P_{div}$) while
simultaneously authorizing a buyback ($P_{bb}$), the market response is not the
linear sum of the two signals.

QCA Validation: Our pooled analysis shows that dual-signal events generate a
Constructive Interference Bonus of +1.8% (avg. CAR) above the predicted linear
sum. The interaction term in the QIll equation successfully captures this non-linearity,
modeling the dividend initiation as a "Phase-Locking" event that stabilizes the wave
function of the buyback.

3.2 The Phase Transition System (Meta Platforms)

Reference: Paper Il (Nayani, 2025)
Defining Characteristic: Rotational Dominance ($\Delta \theta \gg \Delta P$).

Empirical Finding: Meta’s "Year of Efficiency" (2023) stands as the definitive proof
of Phase Mechanics. Despite having similar buyback capacity in 2022 and 2023, the
valuation outcomes were polar opposites (-26% vs. +23%).

QCA Validation: The model identifies this as a Phase Rotation. Management
successfully rotated $\theta$ from a Destructive region ($165"\circ$) to a
Constructive region ($47/\circ$) via cost discipline narratives. The QIl model explains
89% of Meta’s variance solely through the $\cos(\theta)$ term, confirming that for
"turnaround" stocks, Phase Management determines the sign of the return.

3.3 The Regime-Sensitive System (Microsoft)

Reference: Paper IIl (Nayani, 2025)
Defining Characteristic: Balanced Interference ($P \approx W$).

Empirical Finding: Microsoft represents the "standard model" where Mechanical
Payout ($P$) and Expectation Field ($W$) are of comparable magnitude. This
balance makes the interference term $2\sqrt{PW}\cos(\theta)$ the dominant driver of
variance.



QCA Validation: Our "Twin Buyback" test (2021 vs. 2022) confirms that when $P$ is
held constant, returns are perfectly correlated with the macro-regime phase
($\theta$). Microsoft validates the core axiom: Context dominates Content.

3.4 The Particle-Dominant System (Apple)

Reference: Paper |V (Nayani, 2025)
Defining Characteristic: The Singularity Limit ($P \gg W$).

Empirical Finding: Apple defies the "Regime-Sensitive" logic of Microsoft. Its capital
returns (approaching $100B+ annually) are so massive that they overwhelm the
expectation field.

QCA Validation: In the pooled regression, Apple exhibits the lowest sensitivity to
Phase ($\theta$). Even in Destructive regimes (e.g., China weakness narratives),
Apple’s massive $P$ term forces the Qll positive. This confirms the "Gravity
Threshold": beyond a certain scale of capital deployment, the firm creates its own
weather, rendering the macro-regime irrelevant.

3.5 The Transducer System (Amazon)

Reference: Paper V (Nayani, 2025)
Defining Characteristic: Internal Particle Substitution ($P_{ext} \to 0, P_{int} > 03).

Empirical Finding: Amazon is the "zero-payout" anomaly. A standard buyback
model predicts zero signal. However, Amazon’s stock responds predictably to "Capex
Reallocation" cycles.

QCA Validation: By substituting $P_{int}$ (Internal Reallocation Yield) for $P_{ext}$,
Amazon fits the general regression line with high fidelity ($R”2 = 0.91$). This
validates the Transducer Hypothesis: The market mathematically treats "efficient
internal reinvestment" as equivalent to "external cash return." The primary difference
is Coherence Time ($\tau$): Amazon’s signals take ~72 days to fully price in,
compared to ~5 days for Apple, reflecting the complexity of processing internal
efficiency signals.

3.6 The Wave-Dominant System (Nvidia)

Reference: Paper VI (Nayani, 2025)



Defining Characteristic: Expectation Dominance ($W \gg P$).

Empirical Finding: Nvidia represents the inverse of Apple. Its buyback yield is
negligible ($<0.1%$), yet its valuation swings are massive.

QCA Validation: The Qll functional for Nvidia is dominated by the $W$ and $\theta$
terms. Valuation is purely a function of Narrative Coherence. The model correctly
predicted the sharp drawdowns during the "DeepSeek" crisis (Jan 2025) as a Phase
Inversion ($\theta \to 180"\circ$) event. Without a $P$ term (buyback floor) to
dampen the fall, Wave-Dominant systems exhibit maximum volatility during phase
shifts.

3.7 The Entangled State (Oracle)

Reference: Paper VII (Nayani, 2025)
Defining Characteristic: Non-Local Dependency (High $d_{eff}$).

Empirical Finding: Oracle’s valuation in 2024-2025 decoupled from its own
fundamentals and coupled with the narrative of its partner, OpenAl.

QCA Validation: This is the high-entropy limit. Oracle exhibits the highest
Entanglement Entropy ($d_{eff} = 4.70%) in the cohort. The pooled regression
shows that Oracle’s returns are statistically uncorrelated with its own earnings beats
but highly correlated with "Partner News" sentiment. This validates the QCA warning:
High $d_{eff}$ implies systemic fragility. The "Decoherence" crash of Nov 2025
was a predictable consequence of this entangled state.

4. POOLED EMPIRICAL REGULARITIES

4.1 Meta-Regression Results

To test the stability of the Quantum Interference Index (Qll) across these seven archetypes,
we estimate a pooled OLS regression on the full sample of 108 events.

Model Specification:

CAR[0,+5],i=a+3 - Qlli,t-1+y - Markett+& - VIXt+eiCAR_{[0,+5], i} = \alpha + \beta \cdot Qll_{i,
t-1} + \gamma \cdot \text{Market} {t} + \delta \cdot \text{VIX}_{t} +
\varepsilon_iCAR[0,+5],i=a+B - Qlli,t—1+y - Markett+d - VIXt+ei

Results:



e Coefficient ($\beta$): $3.42% ($t$-stat $= 11.79, p < 0.0019$).
e Model Fit (R"2$): 0.943

e Interpretation: For every 1-unit increase in the ex-ante Qll, the average
short-horizon abnormal return increases by approximately 3.42 percentage points.

4.2 Parameter Stability

The most significant finding is not the magnitude of $\beta$, but its stability. When we run the
regression on subsets (e.g., excluding Nvidia, or excluding the 2022 bear market), the
coefficient remains within the $[3.2, 3.6]$ range. This suggests that despite the "Seven
Archetypes" appearing structurally different (e.g., Apple vs. Nvidia), the underlying
mechanism—the interaction of Phase, Magnitude, and Expectation—follows a consistent
statistical pattern across the mega-cap tech sector.

PART Ill: COHERENCE DYNAMICS &
IMPLICATIONS

5. COHERENCE DYNAMICS (SIGNAL PERSISTENCE)

5.1 The Decay Function: Measuring Information
Half-Life

A critical, often overlooked dimension of capital allocation is the temporal durability of the
market’s response. Standard event studies typically measure a static window (e.g.,
CAR][0,+5]) and assume the information is fully priced. However, the QCA framework posits
that the "Coherence Time" ($\tau$)—the duration over which the signal maintains its
structural integrity against noise—is a function of the signal type and the interference phase.

We model the post-event decay of abnormal returns using the exponential coherence
function derived in Paper IX (Section 5):

CAR(t)=CARO - e-t/T+etCAR(t) = CAR_{0} \cdot e”{-t/\tau} + \epsilon_tCAR(t)=CARO - e—t/T+et

Where $\tau$ represents the effective half-life of the valuation impulse.

5.2 Empirical Findings: The Phase-Dependence of
Memory



Our analysis of the 108-event sample reveals a bifurcation in signal persistence that strictly
follows the Phase Alignment ($\theta$) of the event.

1. Constructive Phase Long-Memory ($\tau_{long}$)
Events occurring in Constructive Alignment ($0M\circ \le \theta < 45*\circ$) exhibit
significantly longer coherence times.

Mean $\tau$: 42 trading days.

Mechanism: When the corporate signal aligns with the macro-narrative, the market
does not just "price" the event; it initiates a trending regime. The signal acts as a
"carrier wave" for subsequent bullish flows.

The Transducer Effect: Amazon exhibits the longest coherence in the sample ($\tau
\approx 72$ days). This confirms the hypothesis from Paper V that "Internal
Reallocation" signals are informationally dense. Because analyzing a shift in Capex
efficiency requires deep fundamental processing (unlike the instant clarity of a
buyback announcement), the market "smears" the repricing over an entire quarter,
creating a durable trend.

2. Destructive Phase Rapid Decoherence ($\tau_{short}$)
Events occurring in Destructive Alignment ($135”\circ < \theta \le 180"\circ$) exhibit rapid
decoherence.

Mean $\tau$: 1.5 trading days.

Mechanism: Even when a firm beats earnings or announces a buyback in a
destructive regime, the positive price spike is transient. The "anti-aligned"
expectation field quickly absorbs the energy of the signal.

Implication for Investors: This finding contradicts the "buy the dip" heuristic for
misaligned events. If a positive event occurs in a Destructive Phase (e.g., Meta Feb
2022), the signal is not a mean-reverting noise spike; it is a structural repricing that
decays instantly into a new lower equilibrium. The "Alpha" in destructive regimes
evaporates almost immediately.

6. ENTROPY AND SYSTEMIC FRAGILITY

6.1 Operationalizing "Entanglement” ($d_{eff}$)

In Paper VII (Oracle), we identified the risk of "Non-Local Coherence Collapse," where a
firm’s stock crashes due to news from a partner (OpenAl) rather than itself. To quantify this



risk across the entire cohort, we apply the Effective Degrees of Freedom ($d_{eff}$)
metric.

Derived in the axioms of Paper IX, $d_{eff}$ measures the spectral entropy of the firm’s
pre-event correlation matrix. It answers the question: How many independent variables are
driving this stock's price?

deff=2-3 pilog2pid_{eff} = 2*{-\sum p_i\log_2 p_i}deff=2-> pilog2pi

6.2 The Fragility Screen Results

We calculated the rolling $d_{eff}$ for all seven firms over the 2019-2025 period. The results
validate the "Archetype" classifications:

e Idiosyncratic Stability ($d_{eff} \approx 1.2$): Apple consistently scores the
lowest entropy. Its valuation is driven almost exclusively by its own capital cycle ($P$)
and broad market beta. It is "unentangled." This low entropy explains why Apple acts
as a "Safe Haven" during narrative turbulence—its signal is pure and self-contained.

e Systemic Fragility ($d_{eff} > 4.0%): Oracle consistently scores the highest entropy
(peaking at 4.7 in late 2025). This high score mathematically proves that Oracle’s
valuation was no longer a function of its own database business, but a weighted sum
of external factors (OpenAl solvency, Al Capex constraints, Energy prices).

e The Warning Signal: The data suggests that a rapid rise in $d_{eff}$ is a leading
indicator of "Decoherence Risk." When a firm’s valuation becomes dependent on too
many external variables ($d_{eff} \to 5%), the probability of a "Phase Inversion" crash
increases exponentially, as any one of those external dependencies can fail.

7. CONCLUSION: A NEW PHYSICS OF VALUATION

7.1 Summary of Contributions

This series has demonstrated that the valuation of trillion-dollar firms cannot be fully
understood through linear, additive models. The "Mega-Cap 7" have evolved beyond the
scope of classical corporate finance, entering a regime where Interaction Effects and
Narrative Alignment dominate mechanical cash flows.

By adopting the Quantum Capital Allocation (QCA) framework, we have resolved several
empirical anomalies—from Apple's "Gravity" to Nvidia's "Tunneling"—under a unified
measurement protocol. The synthesis of 108 events confirms three governing principles for
the modern era:



1. Context is a Variable (Phase): The "Paradox of Sign" is resolved. The same capital
action can create or destroy value depending strictly on the angle of narrative
alignment ($\theta$).

2. Volatility is Energy (Wave): Implied volatility is not merely a risk metric to be
minimized; it is a reservoir of potential valuation energy ($W$) that firms can harness
(Nvidia) or dampen (Apple) depending on their archetype.

3. Complexity is Risk (Entropy): The distinct risk profiles of the "Seven Archetypes"
are quantifiable. As firms pivot to Al and ecosystem plays, their risk shifts from
idiosyncratic execution risk to systemic entanglement risk ($d_{eff}$), requiring new
tools for risk management.

7.2 Final Remark

We do not claim that financial markets follow the laws of quantum mechanics. Rather, we
have shown that the mathematical formalism of interference, coherence, and
entanglement—as derived in Paper IX—provides a superior fit for the data of the mega-cap
economy than classical linear models. For corporate boards, investors, and regulators, the
QIl functional offers a disciplined, validated tool for navigating the non-linear dynamics of the
trillion-dollar ecosystem.
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