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Abstract

We propose that particles and black holes are the same fundamental object—a localized
excitation on a discrete information lattice—differing only in their gravitational compact-
ness:

Σ ≡ rs
R

=
2GM/c2

R

where rs is the Schwarzschild radius and R the physical size. In this framework, quantum
mechanics emerges as the Σ → 0 limit and general relativity as the Σ → 1 limit of a
unified dynamics. We show that the generalized uncertainty principle arises naturally from
this duality with coefficient β = 2, yielding a minimum length ∆xmin = 2

√
2 ℓP . The

temperature of self-gravitating objects follows T (Σ) = TH/
√
1− Σ, peaking at Tmax ≈

TP /(16π) near the Planck mass; black hole negative heat capacity is universal behavior past
this maximum. The black hole information paradox is reframed: if evaporation is particle
decay, unitarity is manifest. The hierarchy problem is resolved: the 1040 gap between
atomic and gravitational scales is anthropically selected, as observers require both stable
atoms and gravitationally-bound structures. Black hole entropy S = A/(4ℓ2P ) is explained:
area scaling follows because horizons have no dynamical interior (η → 0), and the factor
1/4 = 1/(α − 2) emerges as the minimum redundancy for thermodynamic stability on a
lattice with coordination α = 6. Our analysis suggests quantum gravity may require finding
Σ-parameterized interpolations between known theories rather than quantizing geometry.

Keywords: quantum gravity, black hole thermodynamics, generalized uncertainty principle,
holographic principle, Planck scale, information theory

1 Introduction

The reconciliation of quantum mechanics and general relativity has been one of the central
unsolved problems in theoretical physics for nearly a century [1, 2]. Despite extraordinary
efforts—string theory [3], loop quantum gravity [4], asymptotic safety [5], causal sets [6]—no
approach has achieved consensus acceptance.

This paper is part of a broader program called Resolutionism [7], which proposes a three-
level derivation of physics from information:

1. Information → General Physics: From the single postulate that reality has finite
information capacity (N < ∞), one derives that spacetime must be discrete, that observers
require d = 3 spatial dimensions and lattice coordination α = 6, and that a maximum
entropy bound exists (Paper Zero [7]).
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2. General Physics → Standard Physics: From these general constraints, one derives
specific features of our universe—one anthropically selected to support stars, galaxies,
black holes, and classical observers. These features include the electroweak mixing angle,
fermion generations, charge quantization, and the particle–black hole continuum developed
here.

3. Standard Physics → Observations: The derived parameters yield testable predictions
that can be compared with experiment.

We propose that, given the discrete lattice structure with α = 6 derived in Paper Zero [7],
quantum mechanics and general relativity emerge as limiting cases of Σ-parameterized dynam-
ics. We further show that the Bekenstein-Hawking entropy factor 1/4 = 1/(α − 2) arises from
thermodynamic stability requirements.

We propose a different perspective: quantum mechanics and general relativity may not
be separate theories requiring unification, but rather limiting cases of the same underlying
dynamics, parameterized by a single quantity we call gravitational compactness Σ.

The key insight emerges from considering particles and black holes not as fundamentally
different objects, but as the same entity in different regimes of Σ. A particle is a localized
excitation with Σ ≪ 1, described by quantum mechanics. A black hole is a localized excitation
with Σ → 1, described by general relativity. The Planck scale marks where these descriptions
meet (Figure 4).

This perspective suggests resolutions to several long-standing puzzles:

� The information paradox is reframed: if black hole evaporation is particle decay, uni-
tarity follows from standard quantum mechanics.

� Singularities may be coordinate artifacts: if dynamics slow as Σ → 1, the singular point
cannot be reached in finite proper time.

� The hierarchy problem is resolved: the 1040 gap between atomic and gravitational
scales is anthropically selected—observers require stable atoms.

� Black hole entropy S = A/(4ℓ2P ) is explained: area scaling because BHs have no interior;
the factor 1/4 = 1/(α− 2) from thermodynamic stability on the lattice.

� Quantum gravity becomes finding interpolating functions rather than inventing new
physics.

This paper develops the particle–black hole continuum, derives key interpolating equations,
and identifies testable predictions.

2 Theoretical Framework

2.1 Foundational Assumptions

Our framework builds on the principle that physical reality emerges from a discrete structure
with finite information capacity [7]. We adopt three assumptions:

1. Reality is encoded on a lattice L with finite total capacity N < ∞.

2. The lattice has coordination number α = 6 and dimension d = 3, derived from observer
requirements [7].

3. Local dynamics depend on the local gravitational compactness Σlocal.
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2.1.1 Summary of Paper Zero Derivations

In Paper Zero [7], we derived the following results, which the present paper builds upon:
Lattice from N < ∞: The axiom of finite information capacity (N < ∞) implies finite

registers, which form a finite graph. Stability under noise requires regularity (constant degree).
Lossless wave propagation requires orthogonal directions at junctions, uniquely selecting the
hypercubic lattice. Thus the lattice structure is derived, not assumed.

Dimension d = 3: Three independent arguments converge on d = 3: (1) Bertrand’s
theorem—stable closed orbits require d ≤ 3; (2) orbital hybridization—complex chemistry re-
quires d ≥ 3; (3) light-cone structure—causal propagation in d < 3 is too constrained for
observers.

Coordination α = 6: Given d = 3, the hypercubic lattice has α = 2d = 6. This is the
unique regular lattice in 3D with all orthogonal connections, enabling lossless propagation over
cosmological distances (∼ 1061 ℓP ).

Newton’s constant G: In this framework, G is emergent, not fundamental. It arises
from the encoding cost gradient: patterns minimize total information cost, creating an effective
attraction. The Planck units ℓP , MP , tP are the natural scales of the lattice; G = ℓ2P c

3/ℏ
follows from dimensional consistency. The value of G in SI units reflects our arbitrary choice of
meter and kilogram, not fine-tuning.

2.1.2 Epistemic Status of Claims

This paper distinguishes three levels of claims:

� Derived (L1): Follow from N < ∞ plus primitives alone—e.g., discrete structure, holo-
graphic bound, area-law entropy scaling.

� Conditional (L2): Follow given additional hypotheses (lattice structure, α = 6)—e.g.,
the factor 1/4, GUP with β = 2.

� Motivated (L3): Suggested by the framework but not rigorously derived—e.g., specific
interpolation formulas, fermion tower structure.

2.2 Gravitational Compactness

We define the gravitational compactness of a localized object as:

Σ(M,R) ≡ rs(M)

R
=

2GM

Rc2
(1)

where rs = 2GM/c2 is the Schwarzschild radius and R is the characteristic size.
What is R for different objects? The characteristic size depends on the dominant

physics:

� Particles (Σ ≪ 1): R = λC = ℏ/(Mc), the Compton wavelength—the scale at which
quantum localization effects dominate.

� Classical objects: R is the physical radius of the mass distribution.

� Black holes (Σ = 1): R = rs, the Schwarzschild radius—by definition.

For self-gravitating objects, R transitions smoothly from λC to rs as mass increases through
the Planck scale.

This definition is motivated by:

� Σ = 0 for empty space (M = 0 or R → ∞)
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� Σ = 1 at the black hole horizon (R = rs)

� Σ interpolates continuously between quantum (Σ ≪ 1) and gravitational (Σ ∼ 1) regimes

The compactness Σ is related to, but distinct from, the information-theoretic saturation
S/Smax where Smax = A/(4ℓ2P ) is the holographic bound. For self-gravitating systems ap-
proaching black hole formation, these quantities become comparable.

Representative values (Figure 4):

� Electron: M ∼ 10−30 kg, R ∼ λC ∼ 10−12 m ⇒ Σ ∼ 10−45

� Proton: M ∼ 10−27 kg, R ∼ 10−15 m ⇒ Σ ∼ 10−39

� Planck object: M = MP , R = ℓP ⇒ Σ = 2

� Stellar black hole: M ∼ M⊙, R = rs ⇒ Σ = 1

Note that a Planck-mass object confined to a Planck length has Σ = 2 > 1, indicating it
would be inside its own horizon—i.e., it is a black hole. The transition occurs at Σ ∼ 1.

2.3 Mobility and Dynamics

We postulate that local dynamics depend on compactness through a mobility function:

η(Σ) = (1− Σ)n, n > 0 (2)

where η represents the fraction of dynamical capacity available for change. This function satisfies
necessary boundary conditions: η → 1 as Σ → 0 (free dynamics) and η → 0 as Σ → 1 (frozen
dynamics at horizon).

Epistemic status: The functional form η = (1− Σ)n is an ansatz (L3), not derived from
first principles. What is derived (L1) is that η must satisfy: (i) η(0) = 1, (ii) η(1) = 0, (iii)
monotonic decrease. Many functions satisfy these constraints.

Why n = 1/2? The exponent is constrained by two independent requirements:

1. Consistency with GR (L2): The Schwarzschild metric has gtt = 1− rs/r = 1−Σ. For
η2 to appear in the metric (as proper time relates to coordinate time via dτ/dt ∝ η), we
need η2 = 1− Σ, hence n = 1/2.

2. Lovelock uniqueness (L1): In 4D spacetime, the Lovelock theorem establishes that
GR is the unique metric theory with second-order field equations. Any n ̸= 1/2 would
yield higher-order corrections incompatible with this theorem.

We acknowledge this is “matching to GR” rather than independent derivation. A first-principles
derivation of η(Σ) from lattice dynamics remains an open problem.

The local speed of processes scales with mobility:

clocal = c · η(Σlocal) (3)

providing a unified origin for gravitational time dilation: near mass, Σlocal increases, η decreases,
and local time slows.
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2.3.1 Anthropic Constraint on the Exponent

While Eq. (2) might appear to be an arbitrary ansatz, the exponent n is tightly constrained by
observer selection. General relativity gives the time dilation factor:

dτ

dt
=

√
1− rs

r
=

√
1− Σ = (1− Σ)1/2 (4)

This identifies n = 1/2 as the physical value. But why must GR—and hence n = 1/2—hold?
The answer is anthropic: observers can only exist in universes with self-consistent

gravity, and GR (or an equivalent theory) is essentially unique in providing this. Lovelock’s
theorem establishes that in four dimensions, GR is the unique metric theory of gravity with
second-order field equations [21]. Any deviation from n = 1/2 leads to pathologies:

� n < 1/2 (weak freezing): At Σ = 1, mobility η = (1− 1)n = 0 regardless of n > 0, but
the approach differs. For n < 1/2, dη/dΣ remains finite at Σ = 1, meaning dynamics slow
gradually rather than asymptotically. Near the horizon, information could propagate
outward at finite rate, violating the classical no-escape property of black holes. The
holographic bound S ≤ A/(4ℓ2P ) would become permeable, allowing entropy to exceed the
bound—contradicting thermodynamic consistency.

� n > 1/2 (strong freezing): For n > 1/2, dη/dΣ → −∞ as Σ → 1, meaning dynamics
freeze “too fast.” The effective gravitational potential Φeff ∝ η2 would deviate from the
Schwarzschild form, changing orbital precession rates and potentially destabilizing bound
orbits. Stars, which require hydrostatic equilibrium in a specific potential, could not form.

Figure 1 illustrates this constraint. The observer-compatible window is narrow: only n = 1/2
yields both thermodynamic stability (second law) and structural stability (orbits, stars).

This anthropic constraint on n parallels the other observer-selected parameters in the frame-
work:

Parameter Value Selection reason

d 3 Stable orbits, chemistry
α 6 Causal structure, connectivity
1/(α− 2) 1/4 Second law stability
n 1/2 Gravitational consistency

The mobility function is not an arbitrary ansatz but a consequence of observer selection:
any universe hosting observers must have self-consistent gravity, which requires η =

√
1− Σ.

3 Interpolating Equations

If particles and black holes are the same object in different Σ regimes, then quantum mechanical
and general relativistic equations should be limits of unified Σ-dependent expressions. We
examine several cases.

3.1 Size: Compton Wavelength to Schwarzschild Radius

The characteristic size of a particle is given by the Compton wavelength:

λC =
ℏ
Mc

(5)

This decreases with mass. For black holes, the characteristic size is the Schwarzschild radius:

rs =
2GM

c2
(6)
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n < 0.5: Holographic bound violated

n = 0.5: Observer-compatible

n > 0.5: Orbits unstable

Σ
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n = 0.5 (GR)
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Figure 1: The mobility function η(Σ) = (1 − Σ)n for various exponents. The blue region
(n < 1/2) violates the holographic bound—dynamics don’t fully freeze at the horizon. The
red region (n > 1/2) destabilizes gravitational structures—dynamics freeze too quickly. Only
n = 1/2 (solid line) is compatible with observers. General relativity mandates n = 1/2.

This increases with mass. These cross at (Figure 2):

λC = rs ⇒ M =

√
ℏc
2G

=
MP√
2

(7)

A natural interpolation is:

R(M) =
ℏ
Mc

+
2GM

c2
(8)

which has a minimum at M = MP /
√
2:

Rmin = 2
√
2 ℓP ≈ 2.8 ℓP (9)

Why this interpolation? (L2) The additive form is not arbitrary but reflects two inde-
pendent constraints on localization:

1. Quantum constraint: The uncertainty principle forbids localizing energy E = Mc2 to
better than λC = ℏ/(Mc). This is a lower bound from quantum mechanics.

2. Gravitational constraint: Mass M curves spacetime with characteristic scale rs =
2GM/c2. Information cannot be stored inside its own horizon. This is a lower bound
from gravity.

The effective size must satisfy both constraints simultaneously:

R ≥ max(λC , rs) ≈ λC + rs (10)
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The additive form is the simplest function satisfying R ≥ λC and R ≥ rs with correct asymptotic

behavior. Alternative interpolations (e.g., R =
√
λ2
C + r2s) yield similar physics with slightly

different numerical factors.
Information-theoretic perspective: In the framework of Paper Zero [7], localizing a

pattern to size R incurs two costs: (1) quantum cost ∼ ℏc/R from encoding gradients, and (2)
gravitational cost ∼ GM2/R from the field configuration. The equilibrium size minimizes total
cost, yielding R ∼ λC + rs.

This interpolation motivates the generalized uncertainty principle (GUP) proposed on
phenomenological grounds [8, 9, 10]:

∆x ≥ ℏ
2∆p

+ βℓ2P
∆p

ℏ
(11)

The gravitational term arises because a probe with momentum ∆p has energy E ∼ ∆p · c,
which forms a black hole of radius rs = 2GE/c4 = 2G∆p/c3 if concentrated. No measurement
can resolve distances smaller than this horizon. Comparing terms:

2G∆p

c3
= β

ℓ2P
ℏ
∆p ⇒ β = 2 (12)

Derivation of minimum length: The GUP bound is ∆x = ℏ
2∆p + β

ℓ2P
ℏ ∆p. Setting

d(∆x)
d(∆p) = 0:

− ℏ
2(∆p)2

+ β
ℓ2P
ℏ

= 0 ⇒ ∆p =
ℏ√
2β ℓP

=
pP
2

(13)

where we used β = 2 and pP = ℏ/ℓP . Substituting back:

∆xmin =
ℏ

2 · pP /2
+ 2

ℓ2P
ℏ

· pP
2

= ℓP + ℓP = 2ℓP (14)

Alternatively, using the unified size formula Eq. (8) with R = ℏ/(Mc) + 2GM/c2, setting
dR/dM = 0 gives M = MP /

√
2, yielding Rmin = 2

√
2 ℓP ≈ 2.8 ℓP . The factor difference reflects

whether we treat uncertainty (GUP) or physical extent (size interpolation).
Key insight: The GUP is not an ad hoc quantum gravity correction—it emerges when

particles and black holes are recognized as the same object at different scales.

3.2 Temperature: The Planck Maximum

For ordinary matter, temperature increases with energy density. For black holes, the Hawking
temperature [11] decreases with mass:

TH =
ℏc3

8πGMkB
=

TP

8π

MP

M
(15)

These opposite behaviors imply a temperature maximum at the crossover.
In terms of the saturation parameter Σ, the temperature can be written:

T (Σ) =
TH√
1− Σ

=
ℏc3

8πGMkB
· 1√

1− Σ
(16)

where the 1/
√
1− Σ factor arises from the mobility function η(Σ) =

√
1− Σ. As Σ → 1, the

temperature diverges—but this limit is never reached for finite-mass objects.
In terms of mass, interpolating between QM and GR limits (Figure 3):

T (M) =
TP

8π
· M/MP

1 + (M/MP )2
(17)
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1019

Rmin ≈ 2.8 ℓP

QM regime GR regime

M/MP

R
/ℓ

P
λC = ℏ/(Mc)

rs = 2GM/c2

R = λC + rs

Figure 2: Characteristic size versus mass. The Compton wavelength (blue) dominates for
M ≪ MP ; the Schwarzschild radius (red) dominates for M ≫ MP . The sum (dashed) has a
minimum near MP , corresponding to the minimum resolvable length ∆xmin ≈ 2ℓP .

The maximum occurs at dT/dM = 0, giving M = MP :

Tmax =
TP

8π
· 1

1 + 1
=

TP

16π
≈ 2.8× 1030 K (18)

This has the correct limits:

� M ≪ MP : T ≈ (TP /8π) · (M/MP ) ∝ M

� M ≫ MP : T ≈ (TP /8π) · (MP /M) = TH ✓

� M = MP : Tmax = TP /(16π) ≈ 2.8× 1030 K

Key insight: Black hole negative heat capacity is universal behavior past the temperature
peak, not an exotic property unique to gravitational systems.

3.3 Entropy: From Particles to Black Holes

A particle in a pure quantum state has entropy S ∼ O(1). A stellar black hole has Bekenstein-
Hawking entropy [12]:

SBH =
A

4ℓ2P
∼ 1077 (19)

Consider the formula:

S = Σ · Aeff

4ℓ2P
(20)
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16π
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T
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T (M) (unified)

TH ∝ 1/M
T ∝ M

Figure 3: Temperature versus mass. The unified formula (solid) interpolates between particle
behavior (T ∝ M , blue dashed) and Hawking behavior (T ∝ 1/M , red dashed). The maximum
temperature Tmax ≈ TP /50 occurs at M ≈ MP .

For a particle with Σ = rs/λC and Aeff ∼ λ2
C :

S =
rs
λC

·
λ2
C

4ℓ2P
=

rs · λC

4ℓ2P
(21)

Using rs = 2GM/c2 and λC = ℏ/(Mc):

rs · λC =
2GM

c2
· ℏ
Mc

=
2Gℏ
c3

= 2ℓ2P (22)

Therefore:

Sparticle =
2ℓ2P
4ℓ2P

=
1

2
(23)

Remarkably, this gives S ≈ 1/2 for all particles, independent of mass—consistent with
particles being nearly pure quantum states with O(1) entropy.

For black holes, Σ = 1 and Aeff = 4πr2s , recovering S = A/(4ℓ2P ).
Note: This interpolation formula assumes the Bekenstein-Hawking normalization A/(4ℓ2P ).

Section 5 provides an argument for why this factor is 1/4, based on thermodynamic stability
on the lattice.

3.4 Decay Rates: Fermi to Hawking

Particle decay rates follow Fermi’s Golden Rule. Black hole evaporation proceeds via Hawking
radiation. The dimensionless ratio Γ/M (in natural units) interpolates across the spectrum:
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Table 1: Quantum mechanical and general relativistic equations as limits of Σ-parameterized
expressions.

Quantity QM limit (Σ → 0) GR limit (Σ → 1) Unified form

Size λC = ℏ/(Mc) rs = 2GM/c2 R = λC + rs
Temperature T ∝ M TH ∝ 1/M Eq. (17)
Entropy S ∼ 1/2 S = A/(4ℓ2P ) S = Σ ·Aeff/(4ℓ

2
P )

Decay rate Γ (QFT) ΓH (Hawking) Peaks at M ∼ MP

Time dilation
√
1− v2/c2

√
1− rs/r

√
1− Σlocal (conjectured)

Uncertainty ∆x ≥ ℏ/(2∆p) ∆x ≥ rs GUP with β = 2

Object Γ/M Character

Stable particles ∼ 0 Quantum
Z boson ∼ 0.03 Narrow resonance
Top quark ∼ 0.01 Broad resonance
Planck object ∼ 1 Maximum instability
Stellar BH (M⊙) ∼ 10−120 Extremely stable

The ratio peaks near the Planck mass, where objects decay in approximately one Planck
time. Heavier black holes are more stable because they are further from this instability peak.

Key insight: Hawking radiation is particle decay in the high-Σ limit.

3.5 Time Dilation

Special relativistic time dilation:
dτ = dt

√
1− v2/c2 (24)

General relativistic (Schwarzschild) time dilation:

dτ = dt
√

1− rs/r = dt
√
1− Σ (25)

Both have the form dτ = dt
√
1− x where x is an energy-related ratio. This parallel structure

suggests a common origin in local compactness:

dτ = dt · η(Σlocal) (26)

with η =
√
1− Σ (i.e., n = 1/2).

For this unification to be rigorous, one must show how kinetic energy contributes to Σlocal.
We leave this as an open problem, noting only that the functional similarity is suggestive.

3.6 Summary

Table 1 summarizes the interpolations.

4 The Fermion Tower

If particles and black holes form a continuum, what lies between them? We conjecture a fermion
tower: a discrete spectrum of states connecting Standard Model generations to Planck-scale
black holes.
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Σ

10−45 10−39 10−20 10−5 1 2

Electron Proton Earth Neutron star Black hole Planck BH

Quantum regime Classical regime Gravitational regime

QM dominates GR dominates

Figure 4: The gravitational compactness Σ = rs/R as a unifying parameter. Particles (blue,
Σ ≪ 1) are described by quantum mechanics; black holes (red, Σ ∼ 1) by general relativity.
The hierarchy between these regimes spans ∼ 45 orders of magnitude.

4.1 Motivation

The Standard Model has three generations of fermions. In the Resolutionism framework, this
can be understood as arising from CP violation requirements on a discrete lattice with α = 6:
three generations is the minimum needed for CP-violating phases in a lattice structure with
this connectivity.

The tower may extend beyond three generations. Additional states at higher masses would
become progressively broader (larger Γ/M) until merging with the black hole continuum at
M ∼ MP .

4.2 Conjectured Structure

The mass ratio from top quark to Planck mass spans:

MP

Mtop
∼ 1.2× 1019 GeV

173 GeV
∼ 7× 1016 (27)

If masses scale geometrically with factor eδ where δ ∼ 1:

Nstates ∼ ln(7× 1016) ∼ 39 (28)

We emphasize this is dimensional analysis, not a derivation. The tower structure remains
conjectural pending a first-principles calculation of the resonance spectrum.

4.3 Connection to Electroweak Running

The fermion tower may explain the near-cancellation of electroweak running. If each tower
state contributes to vacuum polarization with appropriate signs, the cumulative effect could
approximately cancel Standard Model running, keeping sin2 θW nearly constant across energy
scales.

5 Foundational Problems: Resolutions and Reframings

5.1 The Information Paradox

Standard formulation: Information falls into a black hole; the black hole evaporates via
apparently thermal radiation; information appears destroyed [13].

Reframing: If black holes are particles, then evaporation is decay. Particle decay is mani-
festly unitary—outgoing states are entangled, with information encoded in correlations.
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5.1.1 Black Holes as Quantum Memory

The framework suggests a specific mechanism: the horizon functions as a quantum error-
correcting code. This interpretation emerges from combining several results:

1. Frozen dynamics: At Σ = 1, mobility η = 0. Classical information transfer requires
dynamical evolution, which is absent at the horizon. Classical observers cannot read
information encoded there.

2. Error-correction structure: The factor 1/4 = 1/(α−2) arises from redundant encoding—
4 physical sites per logical bit—required for thermodynamic stability. This is precisely
the structure of a quantum error-correcting code.

3. Thermal appearance: Hawking radiation looks thermal to classical observers because
the error-correction actively protects against classical readout. The same mechanism en-
suring the second law prevents classical information extraction.

4. Quantum correlations: Information is not destroyed but encoded in entanglement be-
tween emitted Hawking quanta. Each photon individually appears random; the informa-
tion resides in the correlation structure across all emitted radiation.

In this picture, a black hole is the universe’s quantum hard drive: information is encoded
in a form inaccessible to classical observers but preserved in quantum correlations. The “para-
dox” dissolves—it arises from demanding classical information from an intrinsically quantum
encoding.

5.1.2 What Remains to Be Proven

This interpretation is consistent with the framework but not yet proven. A complete resolution
requires:

� Explicit code construction: Identify the stabilizers and logical operators of the horizon
code

� Correlation calculation: Show that Hawking radiation correlations encode infalling
information

� Readout protocol: Define how a “quantum observer” would extract information

� Unitarity proof : Demonstrate that the full S-matrix is unitary

We conjecture that the lattice structure with α = 6 determines the specific code, with the
1/4 factor reflecting the code rate. Verification of this conjecture is left to future work.

5.1.3 The Page Curve

A key diagnostic of unitarity is the Page curve [32]: for a black hole evaporating into Hawking
radiation, the entanglement entropy of the radiation should initially rise (as entangled pairs
are created), reach a maximum at the “Page time” (when half the original entropy has been
radiated), then fall back to zero (as information escapes in correlations). The thermal approxi-
mation fails to produce this turnover.

In our framework, the Page curve arises naturally:

1. Early time: Hawking pairs are created; one falls in, one escapes. Radiation entropy
grows as Srad ∝ t.
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2. Page time: When Srad ∼ SBH/2, the radiation system becomes large enough to contain
correlations encoding the infalling information. New radiation becomes correlated with
old.

3. Late time: Each new Hawking quantum is entangled with both the shrinking horizon and
the earlier radiation. The horizon decodes: information transfers to radiation, entropy
decreases.

The mechanism is the error-correcting structure of the horizon. At early times, the code
has capacity for both the original information and the Hawking partners. At the Page time,
the code saturates; new encoding requires transferring old information to the radiation. This is
automatic in quantum error-correcting codes when the encoded system shrinks below the code
distance.

Explicitly computing the Page curve from lattice dynamics remains an open problem. Recent
results using the “island formula” [33, 34] have demonstrated Page curve recovery in certain
models; we expect analogous calculations apply here, with the “island” corresponding to the
interior region at Σ > 1 that has no independent degrees of freedom.

5.1.4 Relation to Other Approaches

Several alternative resolutions to the information paradox have been proposed:
Firewalls [25]: AMPS argue that preserving unitarity requires a “firewall” of high-energy

quanta at the horizon, destroying infalling observers. In our framework, the η → 0 freezing
provides a gentler resolution—dynamics slow rather than become violent.

Fuzzballs [26]: String theory suggests black holes are “fuzzballs”—horizon-sized objects
with no interior. Our framework shares this conclusion (the horizon is the object) but derives
it from information principles rather than string theory.

Entropic gravity [17]: Verlinde proposes gravity emerges from entropy gradients. Our
framework is compatible: Σ gradients drive effective forces. However, we go further by param-
eterizing the full QM-GR transition.

ER=EPR [16]: Maldacena and Susskind connect Einstein-Rosen bridges to entanglement.
Our quantum memory picture is consistent: information is encoded in entanglement correlations
of Hawking radiation.

5.2 Singularities

Standard problem: General relativity predicts infinite curvature singularities inside black
holes.

Reframing: As Σ → 1, mobility η → 0 and local dynamics freeze. In coordinate time,
nothing crosses the horizon from an external observer’s perspective. Whether this freezing also
affects proper time along infalling trajectories—thereby preventing arrival at the singularity—
remains an open question requiring a proper-time formulation of the Σ-dependent dynamics.

The discrete lattice underlying our framework provides a physical cutoff: no structure smaller
than ℓP exists, suggesting that the classical singularity may be an artifact of extrapolating
continuum equations past their domain of validity.

5.3 The Hierarchy Problem

Standard formulation: Why is gravity ∼ 1040 times weaker than electromagnetism?
Resolution: The hierarchy is anthropically selected. Observers require both stable low-Σ

structures (atoms, molecules, chemistry) and a large gap before gravitational collapse (Σ → 1).
Consider what happens if Newton’s constant G were larger:
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G increase Effect Observers?

106× Stars become black holes No
1010× Planets become black holes No
1020× Molecules gravitationally unstable No
1040× Atoms become black holes No

The Schwarzschild radius of an atom scales as rs ∝ G. For Σatom ∼ 1 (atomic collapse),
we would need G larger by a factor of ∼ 1040—precisely the hierarchy. Conversely, if G were
smaller, gravitational structure formation (stars, galaxies) would be suppressed.

The observed hierarchy Σatom/ΣBH ∼ 10−40 is not fine-tuned—it is the only regime com-
patible with observers who require both stable atoms and gravitationally-bound structures.

This resolution is consistent with the framework’s derivation of d = 3 and α = 6 from
observer requirements [7]: the hierarchy, like the dimensionality and connectivity of the lattice,
is selected by the conditions necessary for complex information-processing structures to exist.

5.4 Black Hole Entropy

Standard puzzle: Why is SBH = A/(4ℓ2P )? Why area, not volume? Why the factor of 1/4?
Resolution: In this framework, both questions are addressed. The area scaling follows

because black holes have no dynamical interior; the factor of 1/4 follows from the lattice coor-
dination number α = 6 and thermodynamic stability requirements.

5.4.1 Why Area, Not Volume

A black hole has no dynamical interior—the horizon is the object.
The argument follows from the framework’s postulates:

1. At the horizon, R = rs, so Σ = rs/R = 1

2. Mobility η = (1− Σ)n = 0 at Σ = 1

3. Local dynamics scale as clocal = c · η = 0

4. A region with no dynamics cannot store or process information

The “interior” of a black hole (Σ ≥ 1) is not a dynamical region—it is frozen, inaccessible,
and informationally inert. The black hole is its horizon, a two-dimensional surface of area
A = 4πr2s .

Entropy scales with area because area is all there is. There is no volume to contribute
additional degrees of freedom, just as there is no “interior” of an electron. The question “why
not volume?” presupposes that black holes have dynamical volumes; in this framework, they
do not.

5.4.2 The Interior Question and Infalling Observers

A natural objection arises from general relativity: an infalling observer crosses the horizon in
finite proper time and experiences a normal interior. How can we claim the interior “doesn’t
exist”?

The infalling observer’s experience: In this framework, as an observer approaches the
horizon, their local Σlocal increases toward 1, and their mobility η → 0. From their perspective,
time flows normally—but relative to asymptotic observers, their processes slow without limit.
The key question is: does the infalling observer ever complete the crossing?

The answer depends on what “complete” means. In coordinate time (external), no. In proper
time (internal), the integral

∫
dτ appears finite in GR, but this integral assumes continuous
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spacetime down to arbitrarily small scales. On a discrete lattice with spacing ℓP , the proper
time integral is a sum over finitely many lattice steps. As η → 0, each step takes longer (in any
reference frame), and the sum may not converge to a finite crossing time.

This is not a claim that the observer experiences anything dramatic at the horizon—quite
the opposite. The approach to Σ = 1 is asymptotic and gradual. There is no “firewall,” no
violent energy release. The observer simply never completes the journey in any operationally
meaningful sense.

Relationship to singularity theorems: The Penrose-Hawking singularity theorems [30,
31] prove that geodesic incompleteness (singularities) is inevitable given: (1) the Einstein equa-
tions, (2) energy conditions, and (3) trapped surfaces. Our framework modifies premise (1): the
Einstein equations emerge only in the Σ ≪ 1 limit. As Σ → 1, the discrete lattice structure be-
comes relevant, and the continuum field equations break down. The theorems’ conclusion—that
something singular happens—is replaced by: the lattice has no states corresponding to Σ > 1.
The “singularity” is avoided not by exotic matter but by the finite resolution of spacetime itself.

The “interior” is not frozen; it is undefined. In Resolutionism, the gravitational
compactness Σ = rs/R is defined for Σ ≤ 1. The region “inside” the horizon would require
R < rs, giving Σ > 1—but Σ > 1 has no representation in the theory’s state space.
This is analogous to asking “what is north of the North Pole?” The question presupposes a
coordinate system that doesn’t extend there.

Observational consequences:

� Gravitational wave echoes: If the horizon is a true boundary rather than a surface that
can be crossed, post-merger ringdown might show echo signatures from waves reflecting
off the horizon [22]. Current LIGO/Virgo searches have not detected echoes, constraining
but not ruling out reflective horizons.

� Hawking radiation correlations: The pattern of correlations in Hawking radiation
may differ depending on whether information is encoded on a boundary or distributed
through a volume.

5.4.3 Why the Factor of 1/4

The factor of 1/4 in S = A/(4ℓ2P ) can be derived from the lattice coordination number α = 6
(itself derived from observer requirements in Paper Zero [7]).

Why α = 6 and not, say, α = 12 (face-centered cubic)? Paper Zero argues that α = 2d
for a d-dimensional cubic lattice is the minimal coordination supporting stable dynamics: each
site connects to its 2d nearest neighbors along axis directions. Higher coordinations (e.g., FCC
with α = 12) introduce diagonal connections that create ambiguities in causal structure and
violate the discrete analogue of Lorentz invariance. The cubic lattice with α = 2d = 6 in d = 3
is the unique structure satisfying both sufficient connectivity for information propagation and
compatibility with emergent relativistic causality [7].

Consider a site in the bulk of the 3D lattice with coordination α = 6: it has 6 neighbors
corresponding to the ±x, ±y, and ±z directions. At the horizon (a 2D boundary surface), a site
loses its connections in the ±normal direction—2 of its 6 neighbors are in the frozen interior
(Σ ≥ 1) and carry no dynamical information.

The effective coordination at the boundary is therefore:

αboundary = α− 2 = 6− 2 = 4 (29)

Why α− 2 specifically? In d dimensions, a boundary surface has codimension 1, meaning it
lacks the two directions normal to the surface (+n and −n). For a cubic lattice with α = 2d,
the boundary coordination is α− 2 = 2(d− 1). This is not an arbitrary choice but a geometric
necessity: boundary sites cannot connect to the frozen interior.
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5.4.4 Thermodynamic Stability Requires Redundancy

The key insight is that the factor 1/(α− 2) is not arbitrary—it is the minimum redundancy
required for thermodynamic stability.

The second law of thermodynamics is not merely statistical; it is inviolable at macroscopic
scales. Over the age of the universe (∼ 1060 Planck times) across the observable universe
(∼ 10120 Planck volumes), there has been zero macroscopic violations. This implies:

Pviolation < 10−180 (30)

For information encoded on a lattice to satisfy this constraint, logical bits must be protected
against thermal fluctuations. If a single lattice site flip could change a logical bit, random
fluctuations would cause spontaneous entropy decreases—violating the second law.

The solution is redundant encoding: each logical bit is stored across multiple physical sites,
analogous to error-correcting codes. Let r be the number of physical sites per logical bit. The
key question is: what is the minimum r that provides thermodynamic stability?

5.4.5 Why r = 4 and Not r = 3: Orthogonality

The answer lies in the geometry of the boundary lattice. A black hole horizon inherits the
codimension-1 boundary of a 3D cubic lattice, which has effective coordination α − 2 = 4—a
square (4-connected) lattice.

On a square lattice, neighboring edges meet at 90° angles. The dot product between any
two propagation directions is:

êi · êj = cos(90) = 0 (orthogonal) (31)

This orthogonality has a crucial consequence: waves traveling in one direction pass
through junctions without scattering into perpendicular directions. In the language
of error correction, X-type errors and Z-type errors propagate independently—measuring one
does not disturb the other.

This orthogonality is inherited from the 3D bulk: on a cubic lattice with α = 6, all three spa-
tial directions (x̂, ŷ, ẑ) are mutually orthogonal. The same geometric property that allows light
to propagate billions of light-years without scattering also enables interference-free information
storage at the horizon.

On a triangular lattice (which would give r = 3), edges meet at 60° angles:

êi · êj = cos(60) = 0.5 (coupled) (32)

This non-zero coupling means waves scatter at every junction. In error correction terms, syn-
drome measurements for one error type disturb the other, introducing noise into the correction
process itself.

This geometric difference has measurable consequences. The error threshold—the maxi-
mum physical error rate allowing reliable error correction—differs dramatically between lattice
types [23, 24]:

Lattice geometry Coordination Error threshold

Square (surface code) 4 ∼ 1.0%
Triangular (color code) 6 ∼ 0.2–0.5%
Hexagonal (honeycomb) 3 ∼ 0.6%

The square lattice achieves 2–5× higher threshold than alternatives. This is not coincidental:
orthogonal propagation directions enable cleaner syndrome extraction and more effective error
correction.
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Figure 5: Left: A bulk lattice site has coordination α = 6. At the horizon boundary, the two
normal directions (±n) connect to the frozen interior (Σ ≥ 1), leaving only α − 2 = 4 active
connections. Right: Thermodynamic stability requires redundancy r = α − 2, giving entropy
per Planck area of 1/(α− 2). The observed Bekenstein-Hawking factor of 1/4 (red dashed line)
corresponds to α = 6 (red point), independently confirming the lattice coordination derived in
Paper Zero.

For a horizon to achieve maximum thermodynamic stability—saturating the holographic
bound while satisfying the second law—it must use the lattice geometry with the highest error
threshold. This is the square lattice with r = 4 sites per logical bit:

rmin = α− 2 = 4 (33)

5.4.6 The Bekenstein-Hawking Formula

With rmin = α− 2 physical sites per logical bit, the number of logical bits on the horizon is:

S =
A/ℓ2P
α− 2

=
A

(α− 2)ℓ2P
=

A

4ℓ2P
(34)

This is precisely the Bekenstein-Hawking entropy. The factor of 1/4 emerges not as an arbi-
trary constant but as a thermodynamic necessity: it is the minimum redundancy compatible
with the second law on a lattice with α = 6.

Black holes saturate this bound because they are maximum entropy objects—they encode
information with the minimum redundancy allowed by thermodynamic stability. Any less re-
dundancy would permit second-law violations; any more would leave the holographic bound
unsaturated.

Figure 5 illustrates this relationship. The observed factor of 1/4 in black hole entropy
provides independent evidence for the lattice coordination α = 6 derived in Paper Zero [7].

5.4.7 Consistency Check

This result closes a remarkable logical loop:

� Paper Zero [7] derives α = 6 from observer requirements (stable orbits, complex chemistry,
information processing)

� The second law of thermodynamics requires minimum redundancy rmin = α− 2 = 4

� This gives S = A/(4ℓ2P ), matching the Bekenstein-Hawking formula exactly
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The agreement is triply non-trivial:

1. α = 6 was fixed by observer selection, with no reference to black holes

2. The redundancy factor α− 2 is geometric (codimension-1 boundary), not tuned

3. The second law constraint is physical, not adjustable

Crucially, this is not circular reasoning. Paper Zero derives α = 6 from requirements for
stable planetary orbits (Bertrand’s theorem), complex chemistry (orbital hybridization), and
causal structure (light-cone propagation)—none of which invoke black hole thermodynamics or
the Bekenstein-Hawking formula. The factor of 1/4 is an output, not an input, of the framework.

Yet the combination yields precisely S = A/(4ℓ2P ). Running the logic in reverse, the observed
factor of 1/4 constitutes evidence for both the lattice structure (α = 6) and the thermodynamic
interpretation of entropy as error-protected logical bits.

We emphasize that the r = 4 result is now supported by multiple lines of evidence: (1) the
geometric necessity of α−2 at codimension-1 boundaries, (2) the orthogonality requirement for
interference-free error correction, and (3) the empirical fact that square-lattice codes achieve
the highest known error thresholds. While a fully rigorous proof would require constructing the
explicit stabilizer code, the convergence of geometric, physical, and computational arguments
makes the result robust.

5.5 Quantum Gravity

Standard problem: Find a consistent quantum theory of gravity.
Reframing: Perhaps the problem is misconceived. If quantum mechanics and general

relativity are limits of Σ-parameterized dynamics, the task becomes:

1. Identify master equations with explicit Σ dependence

2. Verify reduction to QM as Σ → 0

3. Verify reduction to GR as Σ → 1

4. Calculate transition physics at Σ ∼ 1

This is more tractable than “quantizing geometry” because we seek interpolating functions,
not new fundamental degrees of freedom.

6 Predictions

6.1 Generalized Uncertainty Principle

The GUP with β = 2 predicts:

∆xmin = 2ℓP ≈ 3.2× 10−35 m (35)

This affects high-energy scattering cross-sections and could be tested by precision measurements
at future colliders or astrophysical observations of trans-Planckian processes.

Specific consequences of β = 2:

� Modified dispersion: E2 = p2c2+m2c4+βℓ2P p
4c2/ℏ2, affecting gamma-ray arrival times

from distant sources [10].

� Black hole production threshold: If micro-black holes form at colliders, the threshold
shifts by ∼ βℓPE

2/ℏ. Current bounds require β < 1033 [9]; β = 2 is consistent but
predicts effects at E ∼ EP /

√
β ∼ 0.7EP .

� Hydrogen spectrum: GUPmodifies the ground state energy by δE/E ∼ β(mec/ℏ)2ℓ2P ∼
10−45—too small for current precision but in principle measurable.
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6.2 Maximum Temperature

No thermal system can exceed:

Tmax =
TP

16π
≈ 2.8× 1030 K (36)

This constrains early universe models and black hole formation scenarios.
Specific consequences:

� No “Planck stars”: Objects cannot be hotter than Tmax, ruling out proposed Planck-
temperature remnants from primordial black hole evaporation.

� Gravitational wave mergers: If black hole mergers briefly exceed Tmax in standard
models, modified dynamics at Σ ∼ 1 would affect ringdown waveforms. LIGO/Virgo/KAGRA
precision could eventually test this.

� Inflationary reheating: The reheating temperature TRH must satisfy TRH < Tmax,
constraining inflaton decay rates.

6.3 Fermion Tower Signatures

If the fermion tower exists, broad resonances at M ∼ 500 GeV–1 TeV could appear in LHC tt̄
data as 20–50% excesses in the high-mass tail. Unlike narrow resonances (excluded by existing
searches), these would appear as shoulders rather than peaks.

6.4 Proton Stability

If baryon number is topologically protected on the discrete lattice—a natural consequence of
the quantized winding numbers that arise from the lattice structure—the proton is absolutely
stable: τp = ∞. This contrasts with GUT predictions (τp ∼ 1034–1036 years) and is testable by
Hyper-Kamiokande and DUNE.

6.5 Gravitational Decoherence

Macroscopic superpositions should decohere when gravitational self-interaction becomes signif-
icant. Following the Diósi-Penrose model [27, 28]:

Mcrit ∼
√

ℏR
Gτ

(37)

where R is the superposition separation and τ the coherence time. For R ∼ 1 nm and τ ∼ 1 s:

Mcrit ∼ 1010 amu (38)

Experiments pushing toward this scale [29] would test whether gravity causes wavefunction
collapse.

6.6 Biological Limits and the Infalling Observer

A celebrated feature of general relativity is that an observer falling into a sufficiently mas-
sive black hole notices nothing special when crossing the horizon—the equivalence principle
guarantees that local physics is unchanged. This framework predicts otherwise.

If the mobility function η(Σ) =
√
1− Σ genuinely governs local dynamics, then an observer’s

biochemistry slows as Σ increases. Unlike gravitational time dilation (which affects all processes
equally and is thus locally undetectable), η-slowdown would be experienced relative to the
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observer’s own expectations—their heart would beat slower, neurons fire slower, metabolism
slow, even from their own perspective.

Where are we now? On Earth’s surface, Σ ∼ 10−8 (dominated by the Sun at 1 AU),
giving η ≈ 1− 5× 10−9. This is unmeasurably close to unity.

At what Σ does biology fail? Biochemical reaction rates depend on molecular collision
frequencies and enzyme kinetics. A 50% reduction in η would roughly halve reaction rates.
While organisms can tolerate some metabolic slowdown, a crude estimate suggests:

Σ η Biological status

10−8 0.99999999 Normal (Earth)
0.1 0.95 Mild impairment
0.5 0.71 Severe impairment
0.75 0.50 Likely fatal
0.9 0.32 Certainly fatal

For stellar-mass black holes (M ∼ 10M⊙, rs ∼ 30 km), tidal forces are lethal at r ∼ 3000
km, corresponding to Σ ∼ 0.01. The astronaut dies from spaghettification long before η-effects
matter.

For supermassive black holes (M ∼ 108M⊙, rs ∼ 3×108 km), tidal forces scale as 1/M2

and remain survivable even at the horizon. Standard GR predicts the astronaut notices nothing
special. Resolutionism predicts the astronaut dies from metabolic failure at Σ ∼ 0.5–0.9,
well before reaching the horizon.

This is a qualitative violation of the equivalence principle—not from new forces, but from
the Σ-dependence of dynamics itself. The common thought experiment of “the astronaut who
crosses the horizon without noticing” would be wrong: the astronaut wouldn’t notice because
they would already be dead.

6.7 Summary of Falsifiable Predictions

Table 2 summarizes concrete predictions that distinguish this framework from alternatives.
Most decisive tests:

1. Proton decay observation at τp < 1036 yr would strongly disfavor the framework
(which predicts topological stability).

2. Complete black hole evaporation to zero mass (no remnant) would contradict the
minimum length prediction.

3. GW echo detection at the predicted timescale would support the framework; continued
non-detection at higher sensitivity would constrain it.

7 Discussion

7.1 Relation to Other Approaches

Our framework shares features with existing programs:
String theory [3]: Both suggest a minimum length and modified uncertainty. Strings are

new fundamental objects; we have excitations on an information lattice.
Loop quantum gravity [4]: Both involve discrete Planck-scale structure. LQG quantizes

geometry; we derive geometry as emergent.
Black hole complementarity [15]: Both question whether interior and exterior descrip-

tions are simultaneously valid. Our framework suggests the interior is not dynamically distinct—
it simply doesn’t exist as a separate region.

20



Table 2: Falsifiable predictions of the particle-black hole continuum framework.

Prediction Value Test / Status

GUP coefficient β = 2 Gamma-ray timing, collid-
ers; consistent with current
bounds (β < 1033)

Minimum length ∆xmin = 2ℓP Trans-Planckian astrophysics

Maximum tempera-
ture

Tmax = TP /(16π) Early universe constraints;
CMB non-Gaussianities

Proton lifetime τp = ∞ Hyper-K, DUNE; would fal-
sify if τp < 1036 yr observed

Gravitational wave
echoes

Echo time ∆t ∼
rs ln(rs/ℓP )

LIGO/Virgo O4/O5; current
non-detection consistent

Hawking evapora-
tion endpoint

Stable remnant at
M ∼ MP

Primordial BH searches;
would falsify if complete
evaporation observed

Gravitational deco-
herence

Mcrit ∼ 1010 amu Molecule interferometry;
testable within decade

Biological failure at
high Σ

Σfatal ∼ 0.5–0.9 SMBH infall thought exper-
iments; violates equivalence
principle

ER=EPR [16]: Both connect entanglement to geometry.
Entropic gravity [17, 18]: Both treat gravity as emergent from information-theoretic

principles. Verlinde derives Newton’s law from entropy gradients; we parameterize the QM/GR
transition via Σ.

’t Hooft’s cellular automaton [19]: Both propose discrete underlying structure. ’t Hooft’s
deterministic QM differs from our probabilistic lattice, but the discrete foundation is similar.

Anthropic reasoning [20]: Our hierarchy resolution echoes Weinberg’s anthropic bound
on the cosmological constant—observer selection constrains otherwise arbitrary parameters.

7.2 Limitations

We have argued for Σ-parameterized equations but not derived them from first principles. Key
open problems:

1. Derive η(Σ) from lattice dynamics

2. Prove (or classify alternatives to) the interpolating forms

3. Show how kinetic energy contributes to Σlocal

4. Derive the area scaling of Smax independently (here we derive the factor 1/4 from α, but
assume the horizon bounds information capacity)

The framework proposes resolutions to foundational puzzles but does not yet constitute a
complete theory.
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7.3 Alternative Interpretations

Other approaches resolve similar puzzles differently:

� String fuzzballs: Replace the horizon with a stringy “fuzz” having no interior—similar
to our “no dynamical interior,” but with explicit string degrees of freedom.

� Firewall paradox: If Σ = 1 represents a true boundary (not just frozen dynamics), our
framework avoids firewalls by construction—there is no interior for drama to occur in.

� Quantum BH states: If black holes have discrete quantum states [12], the Σ continuum
may be an approximation valid for M ≫ MP .

Distinguishing these alternatives requires predictions at Σ ∼ 1—currently inaccessible, but
gravitational wave astronomy may eventually probe merger dynamics at this scale.

8 Conclusion

We have proposed that particles and black holes form a continuum parameterized by gravita-
tional compactness Σ = rs/R. Several lines of evidence support this view:

� The Compton wavelength and Schwarzschild radius cross at the Planck scale, motivating
the GUP with β = 2 and minimum length 2ℓP .

� Temperature as a function of mass peaks near MP , explaining black hole negative heat
capacity.

� Entropy interpolates from O(1) for particles to A/(4ℓ2P ) for black holes.

� Decay rates peak at the Planck mass, connecting particle physics to Hawking radiation.

This perspective reframes foundational problems—the information paradox becomes par-
ticle decay; singularities are limits that cannot be reached; quantum gravity becomes finding
interpolations—and resolves others: the hierarchy problem via anthropic selection, and black
hole entropy via thermodynamic stability (S = A/(4ℓ2P ) where 1/4 = 1/(α− 2) is the minimum
redundancy for the second law on a lattice with α = 6).

The framework makes testable predictions: GUP with β = 2, maximum temperature
TP /(16π), fermion tower resonances, absolute proton stability, and gravitational decoherence
at ∼ 1010 amu.

After ninety years of attempting to “quantize gravity,” perhaps the problem has been miscon-
ceived. If particles and black holes are the same object in different regimes, quantum mechanics
and general relativity may already be the same theory—we need only find the Σ-dependent
equations that reveal their unity.

Acknowledgments

The author thanks Claude (Anthropic) and Grok (xAI) for extensive Socratic discussions in
developing and refining these ideas.

References

[1] C. Kiefer, Quantum Gravity, 2nd ed. (Oxford University Press, 2007).

[2] S. Carlip, “Quantum gravity: a progress report,” Rep. Prog. Phys. 64, 885 (2001).

22



[3] J. Polchinski, String Theory (Cambridge University Press, 1998).

[4] C. Rovelli, Quantum Gravity (Cambridge University Press, 2004).

[5] M. Niedermaier and M. Reuter, “The asymptotic safety scenario in quantum gravity,”
Living Rev. Relativ. 9, 5 (2006).

[6] R. D. Sorkin, “Causal sets: Discrete gravity,” in Lectures on Quantum Gravity, edited by
A. Gomberoff and D. Marolf (Springer, 2005).

[7] G. Cohen, “Resolutionism: Physical law from finite information capacity,”
arXiv:XXXX.XXXXX (Paper Zero).

[8] M. Maggiore, “A generalized uncertainty principle in quantum gravity,” Phys. Lett. B 304,
65 (1993).

[9] F. Scardigli, “Generalized uncertainty principle in quantum gravity from micro-black hole
Gedanken experiment,” Phys. Lett. B 452, 39 (1999).

[10] G. Amelino-Camelia, “Relativity in spacetimes with short-distance structure governed by
an observer-independent (Planckian) length scale,” Int. J. Mod. Phys. D 11, 35 (2002).

[11] S. W. Hawking, “Particle creation by black holes,” Commun. Math. Phys. 43, 199 (1975).

[12] J. D. Bekenstein, “Black holes and entropy,” Phys. Rev. D 7, 2333 (1973).

[13] S. W. Hawking, “Breakdown of predictability in gravitational collapse,” Phys. Rev. D 14,
2460 (1976).

[14] R. Bousso, “The holographic principle,” Rev. Mod. Phys. 74, 825 (2002).

[15] L. Susskind, L. Thorlacius, and J. Uglum, “The stretched horizon and black hole comple-
mentarity,” Phys. Rev. D 48, 3743 (1993).

[16] J. Maldacena and L. Susskind, “Cool horizons for entangled black holes,” Fortsch. Phys.
61, 781 (2013).

[17] E. Verlinde, “On the origin of gravity and the laws of Newton,” J. High Energy Phys.
2011, 29 (2011).

[18] T. Padmanabhan, “Thermodynamical aspects of gravity: New insights,” Rep. Prog. Phys.
73, 046901 (2010).

[19] G. ’t Hooft, The Cellular Automaton Interpretation of Quantum Mechanics (Springer,
2016).

[20] S. Weinberg, “Anthropic bound on the cosmological constant,” Phys. Rev. Lett. 59, 2607
(1987).

[21] D. Lovelock, “The Einstein tensor and its generalizations,” J. Math. Phys. 12, 498 (1971).

[22] V. Cardoso, E. Franzato, and P. Pani, “Is the gravitational-wave ringdown a probe of the
event horizon?” Phys. Rev. Lett. 116, 171101 (2016).

[23] D. S. Wang, A. G. Fowler, and L. C. L. Hollenberg, “Surface code quantum computing
with error rates over 1%,” Phys. Rev. A 83, 020302 (2011).

[24] C. Chamberland, A. Kubica, T. J. Yoder, and G. Zhu, “Triangular color codes on trivalent
graphs with flag qubits,” New J. Phys. 22, 023019 (2020).

23



[25] A. Almheiri, D. Marolf, J. Polchinski, and J. Sully, “Black holes: complementarity or
firewalls?” J. High Energy Phys. 2013, 62 (2013).

[26] S. D. Mathur, “The fuzzball proposal for black holes: An elementary review,” Fortsch.
Phys. 53, 793 (2005).

[27] R. Penrose, “On gravity’s role in quantum state reduction,” Gen. Relativ. Gravit. 28, 581
(1996).

[28] L. Diósi, “A universal master equation for the gravitational violation of quantum mechan-
ics,” Phys. Lett. A 120, 377 (1987).

[29] M. Arndt and K. Hornberger, “Testing the limits of quantum mechanical superpositions,”
Nat. Phys. 10, 271 (2014).

[30] R. Penrose, “Gravitational collapse and space-time singularities,” Phys. Rev. Lett. 14, 57
(1965).

[31] S. W. Hawking and R. Penrose, “The singularities of gravitational collapse and cosmology,”
Proc. R. Soc. Lond. A 314, 529 (1970).

[32] D. N. Page, “Information in black hole radiation,” Phys. Rev. Lett. 71, 3743 (1993).

[33] G. Penington, “Entanglement wedge reconstruction and the information paradox,” J. High
Energy Phys. 2020, 002 (2020).

[34] A. Almheiri, N. Engelhardt, D. Marolf, and H. Maxfield, “The entropy of bulk quantum
fields and the entanglement wedge of an evaporating black hole,” J. High Energy Phys.
2019, 063 (2019).

24


	Introduction
	Theoretical Framework
	Foundational Assumptions
	Summary of Paper Zero Derivations
	Epistemic Status of Claims

	Gravitational Compactness
	Mobility and Dynamics
	Anthropic Constraint on the Exponent


	Interpolating Equations
	Size: Compton Wavelength to Schwarzschild Radius
	Temperature: The Planck Maximum
	Entropy: From Particles to Black Holes
	Decay Rates: Fermi to Hawking
	Time Dilation
	Summary

	The Fermion Tower
	Motivation
	Conjectured Structure
	Connection to Electroweak Running

	Foundational Problems: Resolutions and Reframings
	The Information Paradox
	Black Holes as Quantum Memory
	What Remains to Be Proven
	The Page Curve
	Relation to Other Approaches

	Singularities
	The Hierarchy Problem
	Black Hole Entropy
	Why Area, Not Volume
	The Interior Question and Infalling Observers
	Why the Factor of 1/4
	Thermodynamic Stability Requires Redundancy
	Why r = 4 and Not r = 3: Orthogonality
	The Bekenstein-Hawking Formula
	Consistency Check

	Quantum Gravity

	Predictions
	Generalized Uncertainty Principle
	Maximum Temperature
	Fermion Tower Signatures
	Proton Stability
	Gravitational Decoherence
	Summary of Falsifiable Predictions

	Discussion
	Relation to Other Approaches
	Limitations
	Alternative Interpretations

	Conclusion

