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Abstract

Hawking radiation is traditionally understood as a quantum process near a black hole’s event
horizon that leads to gradual mass-energy loss. In this work, we present a unified interpretation
that bridges conceptual and technical perspectives: once an event horizon forms, the external
gravitational field decouples from its interior—transforming from a dynamically “anchored” field
(as seen in normal massed objects) to a self-sustaining “unanchored” or fossil imprint. This
decoupling permits the slow reduction of the black hole’s energy via Hawking radiation without
invoking superluminal updates, thereby preserving causality, energy conservation, and the
equivalence principle. Complementing the standard ADM formulation, we incorporate insights
from quasilocal energy methods, isolated horizon frameworks, and quantum field theory in curved
spacetime to further support our view. In contrast, for ordinary astrophysical bodies (e.g., planets
and stars) where the gravitational field remains causally connected to the source mass, any
analogous process would violate these fundamental principles. We also discuss observational
prospects and numerical simulations that may eventually reveal signatures of this decoupled
evolution.

1 Introduction

Hawking’s seminal 1974 works [1,2], revealed that black holes are not entirely black but emit thermal
radiation due to quantum fluctuations near the event horizon. In standard derivations, the external
gravitational field is taken as fixed by the total mass, charge, and angular momentum of the black
hole. However, if the gravitational field were continuously “anchored” to an evolving interior, any
mass loss via radiation would necessitate instantaneous (and superluminal) updates—a scenario
incompatible with general relativity.

Recent advances have provided complementary perspectives. For instance, isolated horizon
frameworks [3,4] describe black hole boundaries in a quasi-local manner, offering additional support
for the notion that the gravitational field may retain a “fossil” memory of the collapse even as the
interior evolves. Such frameworks, along with approaches from quasilocal energy (e.g., Brown-York
methods [5]), reinforce the view that once an event horizon forms, the external field decouples from

the dynamic interior.



2 Anchored Versus Decoupled Gravitational Fields

2.1 Anchored Gravitational Fields in Normal Matter

For conventional astrophysical bodies, the curvature of spacetime is directly tied to the mass
distribution. In these systems, any reduction in mass immediately alters the gravitational field,

ensuring:
¢ Equivalence Principle Preservation: Gravitational and inertial masses remain equivalent.

¢ Energy Conservation: Changes in the gravitational field directly reflect the loss of mass-
energy.

A Hawking-like process in such objects would require the gravitational field to dissipate
independently of mass loss—a phenomenon that violates these principles. This notion is further
reinforced by analyses using the membrane paradigm, where the event horizon of a black hole is
treated as a dynamic surface endowed with its own degrees of freedom. For normal matter, however,

no analogous “membrane” exists to support such a decoupling.

2.2 Decoupled Gravitational Fields in Black Holes

In contrast, black holes exhibit a fundamentally different behavior. Once an event horizon forms, the
collapse leaves behind a gravitational field that is no longer dynamically updated by the interior

singularity. Instead, the external field becomes a “fossil imprint” of the original collapse:

¢ Causal Disconnection: As noted by Penrose [6], the event horizon prevents any instantaneous
influence of the interior on the external field. Isolated horizon studies further detail how this

boundary can be treated independently of the interior dynamics.

¢ Self-Sustained Curvature: The gravitational field persists independently of the evolving

interior mass, a perspective also supported by quasilocal energy approaches.

¢ Gradual Evaporation: Energy is slowly radiated away via Hawking radiation, with the process
now better understood through quantum field theory in curved spacetime [10] and Bogoliubov

transformations.

An instructive analogy is to compare an anchored field to a tethered balloon—where the tether
represents the continual link between mass and gravitational field—versus an unanchored field, akin

to a free-floating balloon evolving independently once detached.



3 Mathematical Formulation of Decoupling

To quantitatively describe the gradual mass loss from a decoupled gravitational field, we adopt an

approach based on the ADM formalism [7]:
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where:

dM
e 4t is the rate of change of the black hole’s mass,

1
e ~ 167 is a numerical coefficient (with the negative sign indicating mass loss),

. -f srepresents an integral over the event horizon surface Z,

* (1o)2is the square of the asymptotic Weyl scalar representing the curvature of the gravitational
field, and

e dA is an infinitesimal element of the horizon surface.

This formulation encapsulates how the energy stored in the decoupled field is gradually radiated
away. Complementing the ADM approach, the Brown-York quasilocal energy method [5] provides an
alternative measure of the energy contained within a finite region of spacetime, further quantifying
the “fossil imprint” of the gravitational field. Such dual perspectives underscore that the energy loss
mechanism is fully consistent with energy conservation and the equivalence principle as described
in classical treatments of gravity [8,9].

4 Hawking Radiation: Process and Exclusivity

4.1 The Mechanism of Hawking Virtualization

Near the event horizon, quantum fluctuations give rise to virtual particle-antiparticle pairs. In the
conventional picture, one particle escapes to infinity while its partner falls into the black hole, leading

to a net energy loss. Within our unified framework:

¢ For Black Holes: The decoupled gravitational field, the unanchored fossil imprint, is gradually
eroded by radiation. This picture is strengthened by detailed derivations using Bogoliubov
transformations in curved spacetime [10], which describe how quantum fields interact with a

dynamically evolving gravitational background.

¢ For Normal Matter: If such a process were to occur in objects with anchored fields, the

gravitational field would have to diminish independently of mass loss—thus violating both the



4.2

equivalence principle and energy conservation. This conclusion is consistent with both the

membrane paradigm and standard thermodynamic treatments of gravity.

Conservation Laws, Equivalence Principle, and Broader Contexts

The decoupling mechanism ensures:

Energy Conservation is Maintained: The energy radiated away is directly drawn from the

stored energy in the gravitational curvature.

The Equivalence Principle Remains Intact: Black holes, unlike normal matter, can lose energy

through radiation without requiring continuous causal updates from an interior mass source.

Recent debates—such as those involving the firewall paradox and the information paradox [11]—

further motivate a reexamination of how decoupling may resolve longstanding issues in black hole

thermodynamics. By comparing our framework with these discussions, we argue that the decoupled

nature of the gravitational field offers a natural solution that preserves fundamental physical laws

while opening new avenues for addressing quantum gravity puzzles.

5 Discussion and Implications

The unified interpretation presented here not only clarifies the mechanics of black hole evaporation

but also interfaces with modern approaches across several disciplines:

Quasilocal and Horizon-Based Analyses: [solated and dynamical horizon framework [3,4]
support the idea that black holes can be characterized locally without reference to the interior,
reinforcing the decoupling argument. Meanwhile, Brown-York energy methods provide a robust

way to quantify the energy of the gravitational field.

Quantum Field Theoretic Insights: The role of Bogoliubov transformations and the
membrane paradigm in describing Hawking radiation offers additional evidence that the

process is inherently tied to the unique causal structure of black holes.

Numerical Relativity and Gravitational Memory: Recent advances in numerical simulations
of black hole mergers and gravitational wave memory effects suggest that gravitational fields
may encode lasting imprints of collapse. Such “memory” effects resonate with our notion of the

fossil imprint and hint at observable signatures [12].

Observational Prospects: With the advent of black hole imaging by the Event Horizon
Telescope and the era of gravitational wave astronomy, subtle differences in the evolution of



decoupled versus anchored gravitational fields might eventually be detected. These
observational avenues provide exciting opportunities to test the predictions of our framework.

6 Conclusion

By merging rigorous mathematical analysis with a clear conceptual framework enriched by quasilocal
energy methods, isolated horizon approaches, and quantum field theory techniques, we have
presented a unified interpretation of Hawking radiation. In our view, black holes possess an external
gravitational field that becomes decoupled from the interior once an event horizon forms— a fossil
imprint of the original collapse. This decoupled field gradually sheds energy via Hawking radiation
while preserving causality, energy conservation, and the equivalence principle. In contrast, normal
massive objects, with their anchored gravitational fields, cannot undergo such a process without
violating fundamental physical laws. Our approach not only clarifies black hole evaporation but also
paves the way for future investigations—both theoretical and observational—that may finally reveal

the detailed dynamics of quantum gravity.
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Postscript: Clarity in Science and Education

Richard Feynman once said, "If you can't explain something to a first-year college student, you don't
understand it yourself." As a retired public education instructor, | have found this to be profoundly true.
In theoretical physics, clarity is just as essential as it is in primary education.

The early pioneers of quantum mechanics developed highly successful mathematical models, yet
conceptual clarity often lagged behind. Students were often told to "shut up and calculate" rather than
to deeply understand. Perhaps paradoxically, Feynman himself once remarked, "If you think you
understand quantum mechanics, you don't understand quantum mechanics."

Throughout my career, | have sought to enhance clarity—whether in teaching elementary mathematics
or grappling with complex physics. To that end, | often use music and metaphor as tools for distilling
intricate ideas.

So, as an unexpected bonus, | offer a song that reflects my developing views on black hole formation—
through the metaphor of baking a cake. After all, both science and baking start with a list of ingredients
and end with something transformative. You probably wouldn’t want to eat any of the cosmic pastries in
the link below, but they should be safe to listen to!

Click (or copy & paste) the YouTube link to my song, Cosmic Confection, in your browser,
and feel free to browse my other offerings while you are there!
https://youtu.be /TEGqB8KIN]Y


https://youtu.be/rEGqB8K9NJY

