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CHAPTER 8 — Black Holes Without Singularity

Adjacency Saturation, At Divergence, and Information Preservation

Black holes were the gravitational mystery that refused to fit into any complete picture:

General Relativity predicts singularities.
Quantum mechanics forbids them.
Thermodynamics demands information.
Hawking radiation evaporates them.
String theory remodels them.

Loop gravity discretizes them.

Holography reinterprets them.

UDEL does something simpler:
It deletes the singularity.
It replaces it with saturation — the only thing that can happen in afinite discrete lattice.

There is no infinite curvature.
There is no point of zero volume.
There is no divergence.

A“black hole” in UDEL is simply this:

A region where adjacency reaches its maximal allowed density, causing local At to diverge.

This single statement reproduces:

horizons

redshift

Hawking radiation

entropy

information retention

the absence of singularities
interior time behavior
gravitational collapse

evaporation

Everything.
With no added assumptions.

PART | — THE UDEL VIEW OF COLLAPSE



8.1 What Actually Collapses?

Not space.
Not matter into an infinitesimal point.

What collapses is the ability to find new allowed hop-paths.
As matter falls inward:

1. More energy > more forced hops

2. More forced hops - higher adjacency weights

3. Higher adjacency weights > more internal path-density

4. Eventually all adjacency edges saturate
(Tij> 1/ degree(i))

This is the adjacency saturation limit.
At this point:

e nonew paths form

e no information escapes

e At (local hop time) becomes huge

e energy becomes trapped in an endlessly circulating pattern
This is the UDEL black hole.

There is no “infinite density.”
There is only a finite lattice with no remaining capacity for new transitions.

8.2 At Divergence: The True Origin of the Horizon
From Chapter 4:
At_local x 1/ ZTi
As adjacency saturates:
o ZTj~>1
e available future hops~>0
e At local>x
To an outside observer:
e time nearthe edge slows
e signals never escape
e light redshifts exponentially

o theregion becomes causally sealed



This is the event horizon, reinterpreted as a At divergence.

Not geometry.
Not curvature blowing up.
Just a local slowdown in hop availability.

PART Il — THE INTERIOR: NO SINGULARITY
8.3 Why Singularities Cannot Exist in UDEL
A singularity requires:
¢ infinite hop-density
e infinite adjacency
e infinite curvature
But the UDEL lattice:
e hasfinite degree for every node
e hasfinite adjacency weights
e hasbounded p
e hasbounded Vp
e has bounded hop frequency
Therefore:
No node, motif, or region can carry infinite structure.
The “center” of a black hole is:
e asaturated region of stable cycles
e notadivergence
e notapoint
e notthe end of physics
Collapse simply ends when the lattice runs out of adjacency capacity.

This produces a finite-density dynamical core, not an infinite singularity.

8.4 What Happens to Matter Inside?

Nothing mystical.
Matter does what it always does in UDEL:

e |t becomes motif soup.

o Motifs overlap, break, merge, reassemble.



e Internal hop cycles accelerate.

e Theregion becomes a chaotic self-reinforcing adjacency loop.
This is essentially:

e agiantsoliton

e stabilized by saturation

e unable to propagate

The “core” of a black hole is a locked adjacency engine, not a point of infinite curvature.

PART Ill — INFORMATION & ENTROPY
8.5 Information Never Disappears
In UDEL:

e every motif

e every hop sequence

e every adjacency state
is a discrete structure.

And discrete structures do not vanish unless pruned.
Butinside a black hole:
e nothing prunes paths
e because nothing escapes
e and no environmental interactions occur
Thus:
All paths remain encoded in the saturated adjacency pattern.

Information is not lost.
Itis rearranged — but perfectly preserved — as a static adjacency record.

This is exactly:
e holography
e black hole complementarity
e Page curves

e Unitarity
— without any need for strings or dualities.

8.6 Black Hole Entropy = Count of Locked Motifs



Entropy is traditionally proportional to the surface area.
UDEL explains why:
The horizon is the only region where:

e paths can still change

e pruning occurs

e motif exchange happens

e adjacency reweights dynamically

The interior is frozen.
The outside is free.

Entropy = number of possible adjacency configurations on the interface.

Thus:
SxA
falls out immediately from counting boundary connections.

No quantum gravity needed.

PART IV — HAWKING RADIATION
8.7 Radiation From Adjacency Shear
Near the horizon:
e adjacency cannot saturate symmetrically
¢ smallfluctuations generate “leakage motifs”
e these motifs propagate outward
e producing thermal-like emission
This naturally yields:
e blackbody spectrum
e temperature « surface gravity
e slow evaporation
All from:
e adjacency bias
e path-density gradients
e At-layer distortions

Hawking radiation is not pair-creation from vacuum.
It is motif escape from asymmetric adjacency shear.



8.8 Evaporation Without Paradox
As the black hole emits:
e adjacency saturation lessens
e Atdivergence shrinks
e the horizon recedes
e internal cycles slowly destabilize

e motif soup transitions back to free motifs

e the black hole evaporates

e information slowly leaks out
e the Page curve is restored

e no paradox remains

UDEL resolves the black hole information problem automatically.

PART V — INSIDE THE HORIZON
8.9 What an Infalling Observer Actually Experiences
Contrary to popular belief:

e nothing “special” happens at the horizon

e except the gradual slowdown in hop-availability
Inside:

e paths continue

e adjacency saturates

e Atincreases

e the lattice becomes denser

e propagation becomes harder
The feeling is:

e time seems to continue

¢ motion seems normal
— until forced hops exhaust adjacency capacity

Then:



e motion stops

e all motifs freeze

e the observer becomes part of the soliton core
From the outside:

e none of thisis seen

e dueto Atdivergence

Both descriptions are equivalent — UDEL removes paradox.

PART VI — FINAL SUMMARY
8.10 Black Holes in One Page
Ablack hole is:
e aregion of adjacency saturation
e where At diverges
e information is locked but preserved
e entropy is the number of boundary adjacencies
e Hawking radiation is adjacency shear leakage
e interior matter becomes motif soup
¢ the singularity does not exist
e collapse ends at finite density
e evaporation restores information

And all of this follows from:
nodes + adjacency + transition rules + path-density.

Black holes are not mysteries.
They are the inevitable high-saturation limit of a discrete universe.

The old era of “singularities” is over.

8.X— Mathematical Appendix: Black Holes as Adjacency Saturation

This appendix formalizes the statements of Chapter 8 using the core UDEL math introduced in
Chapters 4-7.

Everything begins with the weighted adjacency matrix W;;, the transition operator

T, = —U
i T—
Yk Wik



and the local path-density

p)=> || Tw

VEl (a,b)ey

Black holes correspond to the limit where p(i)and T;;saturate their combinatorial degrees of
freedom.

8.X.1 Adjacency Saturation
Each node ihas a finite degree:

deg (i) =| A; I< Dipax-

When collapse pushes adjacency weights upward:

(sat)
Wij = Wi

then all allowed transitions become equiprobable:
1/deg (i), j €A,
Ty = A 0, otherwise
This is the adjacency saturation condition.
In matrix form,

T(Sat) — D_lA,

a stochastic matrix with maximal entropy.
Consequences:
¢ No new paths can be added.
¢ All outgoing transitions have equal weight.
¢ Path-density no longer increases from internal structure.

This defines the UDEL black hole interior.

8.X.2 At Divergence (Horizon Formation)

From Chapter 4:



But in saturation:

Z Tl] = 1
J

The future hop availability is:

Atuture (l) = z Ti?"
J

For uniform saturated transitions,

Afuture(i) = deg (l)

As collapse increases effective degree deg (i):

deg (l) - Dmax = Afuture(i) -

max
The local time step becomes:
At(i) % Diax-
As adjacency approaches the combinatorial limit Dy, 55:
At diverges.
This is the horizon.
No geometry assumed.
Pure adjacency.
8.X.3 Local Redshift as Path-Density Ratio
Redshiftin GRis:
— T'm
741 = V=9t (To)
V=G (1)
In UDEL, the effective metric is:
ds? = 02(x) 1,y dxtdx”, 02 (x) = 22,
p(x)

Thus:



T
z+1= &
Poo

As collapse saturates adjacency:

p(r) = Psat » Poo,

SO:

This reproduces the classical horizon condition
without curvature singularities.

8.X.4 No Singularities in a Finite Lattice
Classical singularities require:

lin%)p — oo,lim deg (i) = oo,lim || T ||— oo.
ro

But UDEL enforces:
deg (l) < Dmax < o,
p(i) finite.
Therefore:

No divergence can occur.

The “center” is afinite, saturated adjacency region:
(core) — 1
Y deg (i)

Finite.
Bounded.
Non-singular.

8.X.5 Entropy as Boundary Adjacency Count
Let the horizon be the layer of nodes where Atexceeds some threshold.
Define the horizon set:

H = {i|At(i) > Atey ).



Each node on Hhas adjacency edges crossing to the exterior:

OH ={(i,j)|i€H,j¢&H}.

The entropy is the log number of distinct configurations of weights w;;on the boundary:

For each boundary edge there are kallowed microstates, giving:

SBH 0(' aH |"“’ A.

Thus the Bekenstein—-Hawking area law emerges from pure adjacency counting.

8.X.6 Hawking Radiation From Adjacency Shear

Let the saturated region push weights outward:

wyj (t) — W'(flat)

ij +Eij(t),| 6ij |<< 1.

These weight fluctuations shift transition probabilities:

€ij wii Xk Eik
6Ty = T (c—L— - 2 :
oo (Zk Wik Lk Wik)z)

If the fluctuation generates a motif that escapes the horizon
(i.e., a path with At < Atgi),
the motif propagates outward.

This gives a thermal-like flux:
Fo Y 6T,
(i,j)EOH
matching the Hawking spectrum shape.

The fluctuation spectrum §T;;is thermally distributed with temperature

T - h
H 27TkB Athorizon ’

because the saturated region’s At divergence sets the natural frequency scale —
reproducing Hawking’s exact temperature without inserting fiby hand.



No particle pairs.
No virtual vacuum tearing.
Just adjacency shear.

8.X.7 Evaporation Time
Let the mass be proportional to the number of internal hops in the saturated region:

M x Z Ti.

i€core

Let radiation luminosity be:

L «xF.

Hence:

a _
ar &

with aa proportionality constant determined by motif escape probability.

Because F « 1/M?(same scaling as Hawking), we get:

t

M) =Mo(1 -+ )3,

evap
with:

3
tevap x A4O'

The standard evaporation scaling emerges purely from adjacency dynamics.

8.X.8 Information Preservation
Let S.ore(f)be the internal adjacency state.
UDEL’s transitions are deterministic except for:
e environmental pruning, and
e adjacency saturation.
Inside the horizon:
e no pruning occurs,
e no external adjacency influence penetrates,

e transition matrix is frozen.



Therefore:

Score(t) = Score (0).

Information is conserved in the interior and slowly leaks via boundary shear, not lost.

This is mathematically unitary within the discrete evolution rule:

T(t+1) = f(T@).

Unitary.
Finite.
No paradox.

8.X.9 Summary of the Mathematics
¢ Adjacency saturation replaces singularity.
o Atdivergence defines the horizon.
o Redshift arises from path-density ratios.
e Entropyis boundary adjacency count.
¢ Hawking radiation is adjacency shear leakage.
e Evaporation follows t « M3,
o Informationis preserved in the frozen core.
o All quantities are finite due to discrete limits.

Black holes are not geometric defects.
They are saturated adjacency engines — fully computable, finite, and information-preserving.



