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Ch 1 — The Hyperbit

One axiom. The minimum act of distinction.
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The Hyperbit: One Axiom, No Units

e;? = +1

The complete definition of a hyperbit

Hyperbit e?=+1 Anti-hyperbit (i-e,)?=-1
Spacelike unit vector, no mass, no size Formed by multlplymg by i=v(-1)
Only unit: the bit (binary distinction) Completes the null pair

Nilpotent pair:

ap = e, + i-e a‘\/a* ﬁ*\/a*

an = e, - i‘e,
ap? = an? = 0 (nilpotent) < : _ <
P = ap-ran = -1 + j-(eAe), P2 =P (idempotent)

1D isotropic 2D isotropic
subspace (C) || subspace (C)
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Ch 2 — Geometry of
the Hypercube

n=3 [ side=2-cube, r=1-sphere
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Ch 2 — Hypercubes: Coalescence, r_std, Standard Distance

COALESCE: G(n)+G(m)-G (n+m)

dim: 2»x2m=2n%n

(dimensions multiply)

Standard Radius r_std = vVn

Distance from origin to any corner
Same for ALL 2" corners
Dimensionless — lives in info space, not 3D

Standard Distance =V(2n) =V2-r_std

Pairwise distance between random corners
std = 1/v2 = 0.707 (constant, all n)
Relative spread = 0: corners equidistant

Probability density

Cartesian Distance Histograms — Boolean Hypercube {+1}* Corners
Standard distance = V(2N); std = 1/¥2 = 0.707 is constant for all N

¥(2:20) v2:50 v(2:200 ¥(2:200)
63 100 141 20.0

Key:

« Peaks march right at V(2N) as N grows

« std = 12 = 0.707 is constant :
04 * std = 1/(v2 - V(2N)) = 1/(2VN

. olatively - all corners eqfiidistant

. _BH bits at |A-B]| = v(29_BH)

onstant for all N)
i

o
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—— N= 20 peak=v(2N)= 6.3

— N=

50 peak = V(2N) = 10.0

—— N= 100 peak=V(2N)= 14.1
—— N= 200 peak=V(2N)= 20.0

0.0
0 5 10 15 20 25
Euclidean distance |A — B| between corners of {+1}"

30

Correlithm Standard Distance

r_std = vn

r std = vn
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Ch 3 — Why Entropy Is Area, Not Volume

Sanderson Result: Unit Ball Volume Peaks near n=5, Then Collapses to Zero

As n—o, volume—0

s to the s ce,
REA, not volume.

Dimension n
Unit sphere r=1 Interior empties. No degrees of freedom - entropy is AREA
Corner locus r_std=vn 2" discrete measure-zero points. Bekenstein bits live here.
Hypercube side=2 Corner count = microstate count = Bekenstein Q = 2"

Matzke | Black Holes from Hyperbits | ICIP 2026 6/36



N
2 corners
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Spikey Corners

r std = VN
Circumradius: origin = corner
Same for ALL 2V corners
4-cusp star caustic

Cusps touch each unit cube

Arcs tangent to unit circle r=1
Each cusp = one hypercube corner

r inner=1
Inscribed sphere radius
Volume - 0 as N grows

Each corner owns
one unit N-cube (vol = 1)

- entropy must be AREA

Green lines = std dist V(2n)
All 2" corners equidistant =

Hypertetrahedron (regular simplex)

7/36



Ch 4 — Schwarzschild Radius from Information Geometry

Step 1
, S BH = A/ (41 P?) - n =S BH (Bekenstein)
Count the bits - - =
Step 2
standard radius r_std = \/S_BH = (dimensionless circumradius)
Step 3 Bekenstein: 41 P2 per bit + Compton=Schwarzschild sets
Inject |_P 1P [ carries forward]
Step 4
Physical radius rs = (2/\/n) 0 1P (2/\/11 = rounding the square)

M =n - m_bit (linear) S_BH =n?:In?2/n (quadratic)
Horizon amplifier: n mass bits > n? area voxels
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Ch 4 — Step 4a & 4b: The Two Physical Bridges

Step 4a — Bekenstein bridge: area per bit - introduces |_P

Bekenstein entropy: S BH = A / (41 _P?) = A =41 P?> - S BH

Each Bekenstein bit occupies exactly 4|_P? of horizon area.
This introduces |_P as the physical scale — the dimensionless bit count S_BH is traded for a physical area.

Step 4b — Compton-Schwarzschild bridge: sets |_P as the coincidence length

Set Compton wavelength =

A_C=h/(mec) = r s = 2Gm/c* Schwarzschild radius

h/ (mc) = 2Gm/c? = hc = 2Gm? Multiply both sides by mc?2

m2 = he/(2G) = m = V(he/(2G)) Solve for m

1 P=rs = (2G/c?) 'm = V(4G2hc/(2Gc*)) = V(2nG/c?) Substitute m back into r_s
1P=(hG/c®) ~ 1.616 x 10-% m Standard Planck length (factor v2

— absorbed into definition)
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Ch 4 — Step 4c: From r_std to Physical r_s

Step 4c — Set horizon area two ways, solve for r_s

Start with two known facts: the horizon is a sphere of radius r_s, and from Step 4a each bit occupies area 4|_P2. Write the total
area both ways:

(sphere area (Bekenstein: S_BH

nE L ameE e formula) RS oL B0 G R bits, each 41_P?)
Set them equal:
dnr s®* = 41 P? - S BH Set equal
nr_s? = 1 P*? - r std? Cancel 4; S BH =r_std?
r s = (1/Nm) - r std - 1 P Solve forr_s
= hypercube side = 2 - each bit = 21 Px21 P x2 from hypercube geometry
rs = (2 /\/n) " r std -+ 1 P Final result (2/Vr fixed by d=3)
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Ch 4 — Step 4d: Verification & Final Result

rs = (2/Vm) - VS BH - 1P

Schwarzschild radius from information geometry — no GR, no free parameters

Step 4d — Numerical verification: 20 MO black hole

S BH = A/ (41 P?) = 4.2 x 107° bits Bekenstein entropy for 20 M ©

r std = VS BH = 6.5 x 103°

Dimensionless circumradius

£ § = (2/Nm) - 6.5x103% - 1.616x103 m = 59.1 km Physical Schwarzschild radius

v Matches GR exactly — no Einstein field equations used

Why 2/vn? — Rounding the square

Each bit tiles a square 2|_Px2|_P patch (hypercube side=2). Horizon is a sphere.
Radius of circular disk with area 4l_P?: mr>=4l_P? = r=2|_P/Vvn=(2/Vvn):|_P
vVt bridges the discrete hypercubic packing to the continuous spherical horizon. Fixed by d=3.
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IT FROM BIT

— John Archibald Wheeler —

Ch 5 — Planck Voxels

1 Bekenstein bit = 3 Witt pairs = CI(6)

Wheeler’s ‘It from Bit’ — sphere tiled by binary Planck-area
patches
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Why Nilpotents Describe the Horizon

Horizon is a NULL surface: tangent vectors satisfy v2=0
Clifford fact Vectors with v2=0 in Clifford algebra are NILPOTENT (same condition)
Any null vector space decomposes into Witt pairs {ap, an}

Bekenstein 1 bit = area 41_P? + depth |_P (Planck minimum length) = vol 4|_P?

3 spatial directions = 3 Witt pairs = CI(6) = 64 basis elements
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Witt Pairs Build Spatial Dimensions

m Hyperbits Null subspace Physical object Algebra

) 2_0) divecti :
1 2 1D 1 null line Hi: F)ne ap?*=0 direction. Not yet a physical
region.
2 4 2D Areg 4] P2 H/@DH,: two tangential directions.
— Bekenstein area patch.
3 6 3D Planck voxel H.@H.DHs: two tangential + one radial =
41 p* Cl(6) = 1 bit

1 Bekenstein bit = 3 Witt pairs = 6 hyperbits = Cl(6) = 41 P® voxel

Cl(6) is also Furey's algebra for one complete Standard Model fermion generation (quarks + leptons)
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The Bekbit: CI(6) as One Super-Hyperbit (n = 6b)

1 bekbit = Cl(6) = 3 Witt pairs = 6 hyperbits — n 6b

Commutes (bonus over hyperbits): distinct bekbit
pseudoscalars commute, jA;*jE; = jE;*jA; — clean
factorization, no sign entanglement.

Unitary face: jE; = —j(eiA:--Aeg), jE;> = +1 — a grade-6 analogue
of the hyperbit e? = +1, so the whole cell counts as ONE bit.

Unique to dim 6: 3 hyperbits + 3 anti, all-ones nilpotent
(qutrit), 3 commuting idempotents, commutative quaternion
l,J, K.

Nilpotent face: ap;+ap,+aps is null taken 1, 2, or 3 at a time -
the bekbit is never split; it tiles horizon area.

Entropy unit is the bekbit, not the raw hyperbit: S BH = b, Q = 2%b (raw
hypercube: 2%n = 2% (6b) microstates)
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Ch 6 — The Horizon: Two Layers

Mathematical horizon (r =r_s)

Thickness: ZERO (null 2-sphere) Unit N-Cube 2 Mathematical Horizon = Planck Voxel
Algebraic condition: ap;®> = 0 -
Tiling: area patches 4l_P? each \\ 2

N

Physical Planck zone (r_stor_s+1_P)
Thickness: exactly |_P
Algebraic condition: P?=P - N2=0

\E (Tsta) K
K‘ 2 2L

Tiling: Planck voxels 41_P3? each Ly
Unit N-Cube Math Horizon Planck Voxel
side=1, vol=1 ap?=0 2L, x2L,xL,
Hypercube Corner Null 2D sphere =1 Bekenstein Bit
— 2 — 3
S A/ ( 4 l—P ) V—Shel l / ( 4 l—P ) The dashed lines mean ND to 3D projection at the Planck Zone

same S_BH counted two ways

N - 3 projection (NOT 3D->2D AdS/CFT) | Each unit N-cube projects to one Planck voxel via three unit bridges
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Three Levels of Description

Clifford algebra Cl(n,0)
Level 1 Hyperbits, nilpotents, idempotents

Pure Mathematics No physical units — only bits
V(B")-=>0 is valid here: no physics violated

2" corner states of the hypercube

Level 2 Bekenstein microstates Q = 2"
Information Geometry Circumradius r_std =vn (dimensionless)
Planck min length does NOT apply here

Three unit bridges inject physical units:
Level 3 Landauer: bits - mass (m_bit=m_P-In2/2m)
Physical 3D Space Bekenstein: bits - area (4I_P? per bit)
Compton=Schwarzschild: bits < length (I_P)
Planck minimum length DOES apply here

Apparent paradoxes dissolve when the level is identified. 'Volume = 0'is Level 1 math; 'corners are physical bits' is Level 3.
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Mass of One Bit: Landauer then Einstein

Landauer's principle: bit - energy

Erasing one bit at temperature T costs minimum energy E_bit=k B-T:In2
At Planck temperature T_P: E bit=k B-T P-In2

Einstein: energy - mass

m_bit=E_bit/c> = k B-T_P-In2/c?
Substituting T P=m_P-c/k_B: m_bit=m _P-In2/(2n) = 0.110-m_P

In2 comes from Landauer (binary cost) | 2m comes from Compton-Schwarzschild threshold | m_bit = 0.110 - m_P

(NOT the Planck mass)
Bekbit mass (amortised over b cells): m_bekbit = M/b =m_P/V(rtb) o« 1/Vb (m_bit above = per hyperbit)
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Ch 7 — The Collapse Threshold

Compton wavelength A_C = i/(Mc) Schwarzschild radius r_s = 2GM/c?
Quantum fuzziness scale Gravitational collapse scale
For ordinary matter: A_C > r_s - stable Increases as mass grows

= n_thresh = 2n / (V2-1n2) = 6.4097..

2m V2 1n2

Bekenstein circle geometry Hypertetrahedron edge/radius ratio Landauer information cost per bit
(Ch 4) (Ch 2) (Ch 6)

No free parameters. No GR input. No fitting. (see slide 17 for full derivation)
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Ch 7 — Deriving n_thresh = 6.4097 in Six Steps

SetA_C=r_s h/ (Mc) = 2GM/c? ?;/;Zzum fuzziness = gravitational
Multiply by Mc? hc = 2GM? clear fractions

Solve for M M = < (hc/2G) = m P/N2 ;é{;jngCfOf-Of-Z inr_s=

M = n-m_bit (Ch 6) n = M/m bit = (m_P/\IZ ) + (m_P-1n2/2m) substitute m_bit =m_P-In2/(2r)
Cancel m_P n = (1/N2) - (2m/1n2) Planck mass drops out

Ealllz n_thresh = 2rn / (V2:1n2) = 6.4097. pue e ol

2nt & Bekenstein circle geometry (Ch4) | v2 & Schwarzschildr_s=2GM/c?(Ch2) | In2 & Landauer bit cost (Ch 6)
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The Stability Gap: Why Matter Exists

Cl(6) fermion n_thresh
6.000 bits 6.41 bits
| |
0.41 bit gap
STABLE MATTER - «— BLACK HOLE

The minimum Clifford algebra for a fermion generation (Cl(6) = 6.000 bits) falls
algebraically just short of the collapse threshold (6.41 bits).

This 0.41-bit gap is not tuned — it is fixed by the same algebra that generates fermions.
The universe contains stable matter because Cl(6) < n_thresh.
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Black Hole Growth by Incremental Coalescence

Matter coalescences

G(1)-G(6)
Builds CI(6) fermion step by step. No horizon.

Threshold crossed

G(6)+G(1)-G(7)
0.41-bit gap overcome. Smallest possible BH.

Each subsequent

G (n) -G (n+1)

+1 bit mass, +(2n) area voxels, T_H decreases.

_m_

0.66 Cl(6) fermion — stable matter
7 0.77 7.5 3.1 Minimum seed BH (threshold crossed)
10 1.10 15.3 4.4 3rd coalescence above threshold
100 11.0 1529 44 Mass bits x area bits = n? amplification
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Hawking Radiation: Only Massless Vacuum States {V, Vs}

V and Vs (massless vacuum/anti-vacuum) are the ONLY valid Hawking quanta. Any state with mass or charge (is a
nilpotent (x2=0)) = re-enters; the vacuum {V, Vs} has neither > escapes.

Bekbit Vacuum {V, Vs} Annihilation
P._k (CI(6) voxel) massless vacuum/anti-vacuum P._k-Vs=0
Witt decomposition: V = apq-apz-aps-an-anz-ans V escapes as Hawking quantum
P._k =Pi_k-P5_k-Ps_k Unique involution spinors Vs annihilates the bekbit by
3 nilpotent pairs V2=idempotent # 0 multiplication:
Color-matched: 3 Witt pairs =3 P._k:Vs=0 - subtract one cell
colors b > b-1, Area -4l P?
-> color singlet (colorless)

Quarks, electron, positron: nilpotents (x?=0) — same class as ap, an — re-enter black hole as Witt decompositions. Standard picture
(any particle type) is algebraically ruled out.

TP/ (4'n mass '1ln2) o« 1/M | thermal spectrum from n mass independent

Cl(6) voxels — massless vacuum blackbody
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The Black Hole Has No Interior

No singularity

No spacetime
reversal

One axiom

All S_BH bits live in the |_P-thick Planck zone shell. The hypertetrahedron origin r=0 is the empty
centroid — no corner state occupies it. The n-ball formula confirms zero interior capacity.

The GR singularity at r=0 marks where the smooth-manifold description breaks down (Level 3
failure). In the hyperbit framework the origin is simply unoccupied — not a physical location.

The horizon is a PHASE BOUNDARY: idempotent (matter) - nilpotent (radiation). It is not a
coordinate singularity requiring spacetime signature change. Infalling matter does not
experience spacetime signature change.

A black hole is a closed surface on which the nilpotent condition ap?=0 closes self-consistently
across a sphere. It is a boundary object, not a volume object.
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Ch 8 — The Vacuum Is a Sea of Idempotent Pairs

The vacuum is a sea of transient {V, Vs} massless vacuum/anti-vacuum pairs — the ONLY valid Hawking quanta. V =
apr-apz-aps-ansy-any-ans is the unique involution spinor in Cl(6): V2=idempotent#0. Any state with mass or charge (is a
nilpotent) that re-enters the black hole.

Flat spacetime Near stable horizon r=r_s
Vacuum {V, Vs} pair forms Vacuum {V, Vs} pair forms

V - Vs = 0 (annihilate) P._k - Vs =0 (annihilation)

- zero net radiation V escapes as Hawking quantum
No horizon - no emission Area -4l_P%, b - b-1

Formation = coalescence (b - b+1). Evaporation = P._k-Vs=0 - V escapes (b - b-1). Exact time-reverses. NO formation-era

radiation.

TH=TP/ (4'n mass'1n2) o« 1/M | thermal massless vacuum spectrum from n mass
independent Cl1l(6) voxels
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The Master Equation

er*(m'r s?/1 P?) = e*(b-1ln2) = 2%b

e*(m'r s?/1 P?) e” (b 1n2) 2”b
Boltzmann Q = e”S applied to Substituting S_BH = b-In2 Algebraic identity e”(b:In2) =2%b
Bekenstein area entropy S_BH = Each of b bits (bekbits) contributes Count of corners of the b-dim
rer_s?|_p? In2 nats bekbit hypercube
Geometry of the sphere (1t from (Landauer: one binary distinction (Chapter 2: the Bekenstein
circle) =1n2) microstate count)

The e and it from Euler's identity e”(irr)+1=0 each play exactly one role: e via Boltzmann, rt via Bekenstein circle geometry —
not decorative, each encodes a different physical law.
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The Bekenstein Bound at Bekbit Scale

2n'R'E / (h-c) =
(bekbit form)

S £ 2n'R'E / (h-c)

(ln 2) /4 = 17.3%

1/N2 = 70.7%

Bekenstein (1981)

Universal entropy ceiling for any
region

radius R, energy E — substrate-
independent

Per bekbit: R =28 _P/vn
E=m_P:¢’Vvit = S=4nats

Horizon view: S_BH /S_Bek
Entropy stored on horizon as area
tiles

Same saturation at every scale, 1
bekbit - supermassive

Matter view at collapse threshold
Matter fills 70.7% of the
Bekenstein bound

Only at M =m_P/v2 — the
moment spacetime must close

Both ratios follow from one identity: €_P-m_P-c = 7, acting on S < 2n-R-E / (7-c). The bekbit-native form S < 4b nats gives a
strikingly clean linear inequality in the framework’s natural integer unit.
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Ch 9 — Novel Results

What this paper contributes beyond the standard literature
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Hyperbits: Root of Four Physical Structures

Qubits (Matzke PhD) Fermions (Furey)

A =apt+a; = |0)+]|1) Cl(6) = 3 Witt pairs = 6 hyperbits

Bivector apAa; =i (since (apAaq)? = -1) = one Standard Model fermion generation

All 81 = 3 corner states classified (8 closed G(2) types) = defines vacuum state V = aps-ap;-aps-ans-anz-ans
Black Holes (this paper) The Vacuum

ap2=0 closes on sphere = event horizon Sea of transient {V, Vs} massless vacuum/anti-vacuum
Cl(6) voxel = one Planck voxel on horizon Only involution spinors in Cl(6): V2=idempotent
r_s,S_BH, T_H, n_thresh all from one axiom - Exclusive Hawking quanta (evaporation only)
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Novel Results (1-4 of 8)

r_s from correlithm geometry

r_s=(2/vm)-vS_BH:l_P derived without GR field equations. Factor 2/Vm = rounding-the-square shape mismatch.

Threshold as pure number

n_thresh = 2r/(V2:In2) = 6.41. Three factors from three independent physical laws. No free parameters.

1 bit = 3 Witt pairs = CI(6) = 1 voxel

One horizon bit requires 3 Witt pairs to span 3D. This is Furey's fermion algebra. The Planck voxel is its physical realisation. BH entropy uses the
bekbit pseudoscalar jE;>=+1 — a commutative hyperbit equivalent in G(6): S_BH = b, Q = 22b.

N->3 projection replaces 3->2

Each unit N-cube projects to one Planck voxel. No 3D->2D compression. Holographic mystery dissolves.
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Novel Results (5—8 of 8)

Stability gap is algebraic

Cl(6) = 6.000 bits < 6.41. Universe has stable matter because the fermion algebra is marginally sub-threshold. Not tuned.

Hawking = idempotent annihilation

Only massless vacuum/anti-vacuum {V,Vs} escape. All charged fermions are nilpotents — re-enter BH.
V=aps-apz-aps-any-anz-ans unique involution spinor. P._k-Vs=0.

BH: no interior, singularity, or reversal

2D+l_P shell. Origin r=0 is empty centroid. GR singularity = smooth-manifold failure. Horizon = phase boundary.

Master equation unifies four structures

Q = eMrer_s¥1_P?) = eMb-In2) = 22b. Hyperbits root of qubits, fermions, black holes, and vacuum. Wheeler's 'it from bit'
realised.
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Complete Derivation in One View

hyperbit axiom

nilpotent pair (null)

2™ corners MPEEER
hypertetrahedron
V-0 interior entropy is area
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no GR
no free
params

r s formula

3 Witt pairs

n_thre sh=6.41

Schwarzschild radius

Planck voxel = CI(6)

collapse threshold

master equation




Addressing Standard Objections

"Planck voxels aren't nilpotent"

The event horizon IS a null surface (standard GR). Null vectors in Clifford algebra satisfy v2=0 — that is nilpotency. The
identification is new, derived here from Witt's theorem.

"Radial depth |_P is assumed"

It is forced by a sandwich: Planck minimum length (no dimension < |_P allowed) from below; single Planck layer from above.
Lower = Upper = |_P.

"V->0 contradicts 2" corners"

Different levels: V-=>0 is Level 1 (continuous algebra, no units). 2" corners are Level 2 (discrete information). Mathematical domain
has no Planck constraint.

"Where is GR input?"

None needed. GR emerges at Level 3 as the coarse-grained limit. The Schwarzschild radius matches GR exactly from information
geometry alone.
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Worked Example: 20 Solar-Mass Black Hole

M =20 x MO = 3.98 x 103 kg

Mass bits n mass = M/m bit = M-2n/(m P-1n2) =~ 1.66 x 10%°
n mass » n thresh = 6.41 Dby 40 orders of magnitude - collapse
Check T -
ilnevitable
Entropy S BH = n mass?-1n?2/om =~ 4.2 x 107° area bits
r_std r std = \/S_BH ~ 6.5 x 103 (dimensionless)
r s = (2/Vn) 'r std*1 P = (2/Vm) '6.5%x10%°-1.616x1073°> m = 59.1 km V

-
I

T H = T_P/(4~n_mass-ln2) ~ 1.97 x 1078 K (far below CMB 2.7 K)

Voxels 4.2 x 107° Planck voxels tile the horizon uniformly at 41 P? each
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Wheeler's 'It from Bit' — Made Algebraically Precise

THE BIT:

m_bit = m_P:In2/(2m)
Landauer + Einstein

+1

e;? =

41_P? per bit, |_P from
Compton = Schwarzschild

no units)

Entropy

S_BH = b-In2
Q = 2° microstates

(the hyperbit — one binary
distinction,

Temperature

T H=T P/(4:nIn2)
from voxel tunnelling

Cl(6) = 6 bits < 6.41
stable fermion generation

Black holes

ap?=0 closes on sphere
n > 6.41 bits

Radiation

Vacuum {V,Vs} pair
V escapes as vacuum
quantum

GR = Level 3 limit
of Level 2 bit geometry
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One Axiom

e;? +1

Schwarzschild radius r_s = (2/vm)-VvS_BH-I_P

Bekenstein entropy S_BH and Hawking temperature T_H

Collapse threshold n_thresh = 2nt/(vV2:In2) = 6.41 (pure number)

Stability of matter (CI(6) = 6.000 < 6.41)

Hawking radiation (massless vacuum {V, Vs} only: V2=idempotent, all others nilpotent)

Master equation Q = eM(r-r_s%/1_P?) = eMb-In2) = 27b

Bekbit as the primary increment of the universe (one Planck patch = one CI(6) cell = one bit)
Bekenstein bound saturation: 17.3% at horizon (all scales), 70.7% at matter collapse
threshold M = m_P/v2

~Douglas Matzke, Ph.D. | ICIP 2026 ) )
No general relativity. No free parameters. Wheeler's 'it from bit' realised.
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