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We present Regular Simplex Hierarchical Gravity (RSHG), an informational cosmology that de-
rives the gravitational constant G from first principles with zero free parameters. The theory orig-
inates from a single observation: quantum entanglement and the Pauli exclusion principle, which
appear mutually contradictory, are in fact two physical expressions of the same mathematical fact
— the impossibility of filling three-dimensional space with regular tetrahedra. We term this identi-
fication Axiom Zero.

The algebraic foundation is supplied by Niven’s theorem [I]: since arccos(1/3)/7 is irrational,
the packing deficit 6 = 27 — Sarccos(1/3) &~ 7.36 cannot be annihilated by any computational
process, whether the underlying space is continuous or discrete. This ineliminable frustration forces
an escape to four dimensions, where the unique regular closure preserving the local topology of
three-dimensional frustration is the 600-cell (Hs symmetry, order 14,400). The projection of this
four-dimensional elastic structure onto the observable three-dimensional brane — isomorphic to
frictionless jamming as established by O’Hern et al. [2] — manifests the geometric tension as force
chains, which we identify with gravity.

From arccos(1/3) and the spatial dimension n = 3 alone, combining depth-weighted vertex count-
ing, exact projection isotropy ({sin®@) = 3/4 under H4 symmetry), uniform redundancy (cluster
coefficient 5/11), and a stress inertia rate 7 = 3a/27T uniquely fixed by dimensional constraints, we
derive the effective vertex count Qioca1 &~ 100.000069. Substituting into the Israel junction condition
framework [3] yields G = 6.60 x 107'" m?®/(kg-s?), in 1.1% agreement with the CODATA 2018
value [4], with zero adjustable parameters. Holographic screening by the factor Qgiobal ~ 10122
resolves the cosmological constant problem [5] to within a factor of 3.3. The H, symmetry of the
600-cell predicts systematic deviations AC,/C¢ =~ 0.05-0.10 at multipoles £ = 120n in the CMB an-
gular power spectrum, consistent with an anomaly near ¢ =~ 120 independently reported in Planck

and WMAP data [6], [7].

I. INTRODUCTION

Physics confronts two observational facts that appear,
on the surface, to be mutually contradictory.

The first is quantum entanglement. The phenomenon
whereby the states of two spatially separated particles
become instantaneously correlated has been experimen-
tally established through violations of Bell inequalities
and cannot be explained by classical local realism. What
this fact reveals is that at the foundation of the universe
there exists a “continuity of reference” independent of
spatial distance. In other words, zero distance is physi-
cally real.

The second is the Pauli exclusion principle. This prin-
ciple, which forbids two fermions from simultaneously oc-
cupying the same quantum state, implies an exclusivity:
no two things can exist in the same place. It is a foun-
dational constraint that underlies the stability of matter
and holds at every scale.

Zero distance is real, yet no two things can occupy the
same place. These two facts appear to be in contradic-
tion.

Regular Simplex Hierarchical Gravity (RSHG) does
not receive this as a contradiction. Both are two faces
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of the same mathematical fact. That mathematical fact
is the impossibility of filling space with regular tetrahe-
dra.

RSHG is a theory of informational cosmology. It for-
mulates the universe as a computational process that un-
folds through dimensional reduction, driven by Pauli re-
pulsion from an origin of zero distance. The computa-
tional cost of this process is time; the geometric struc-
ture of the computation is observed as gravity. Within
this framework, the 600-cell — a regular four-dimensional
polytope — plays a central role as a transducer that
translates four-dimensional geometric tension into three-
dimensional force. This allows RSHG, while being a the-
ory of informational cosmology, to generate experimen-
tally falsifiable physical predictions.

The paper is organized as follows. Section [[I] formu-
lates Axiom Zero. Section [[II] establishes the impossi-
bility of tetrahedral packing as an algebraic necessity
via Niven’s theorem. Section [[V] demonstrates the in-
evitability of escape to four dimensions and the struc-
ture of the 600-cell as a transducer. Section [V] derives
gravity from force chains and obtains the effective vertex
count Qocal = 100 with zero free parameters. Section [V]]
explains stable material structures from the equilibrium
between Pauli repulsion and structural stress.
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II. FORMULATION OF AXIOM ZERO
A. The Requirement of Zero Distance

To express mathematically the “continuity of refer-
ence” revealed by quantum entanglement, we introduce
the infinite-dimensional regular simplex. A regular N-
simplex is a structure in which N + 1 vertices are all
mutually equidistant; in the limit N — oo, it is under-
stood as a computational process in which all points are
mutually equidistant while taking zero distance as their
origin. This is the mathematical counterpart of quantum
entanglement.

However, an infinite-dimensional state in which all
points are connected at zero distance cannot, as it stands,
possess physical “extension” or “structure.” Complete
symmetry implies complete undifferentiation. The sys-
tem therefore attempts to disentangle this extremely su-
perposed information by projecting it onto spaces of pro-
gressively lower dimension. The cascade of projections —
from infinite dimensions to four, and from four to three
— executes this process in stages. The knots that remain
because they cannot be fully disentangled through pro-
jection constitute the substance of structural stress, and
appear to three-dimensional observers as gravity. The
detailed account of “unfolding” — of how projection pro-
ceeds as a computation that expands space — is devel-
oped in Part II.

B. The Requirement of Exclusivity and the
Impossibility of Convergence

This computational process, however, does not con-
verge.

The exclusivity expressed by the Pauli exclusion princi-
ple forbids convergence to zero distance. And decisively,
this prohibition is a mathematical necessity. The dihe-
dral angle of the regular tetrahedron, arccos(1/3), has an
irrational ratio to 7 (Niven’s theorem, Sec. [[II)). Conse-
quently, the packing deficit

d =27 — 5arccos(1/3) (1)

cannot be made to converge to zero by any computational
process.

The system continues to project, driven by Pauli repul-
sion, but this computation never completes. Each step of
an incomplete computation carries a physical cost, and
that cost is generated in perpetuity. The scale of the
minimum cost per step is the Planck scale. The Planck
scale is not an externally given parameter but emerges
from geometry as a consequence of Axiom Zero. The
quantitative derivation showing that the cost per step
corresponds precisely to Planck units is carried out in
Part II.

C. Axiom Zero

From the foregoing, we formulate the starting point of
RSHG as follows.

Axiom Zero: At the foundation of the universe, there si-
multaneously exist a computational process taking zero
distance as its origin (quantum entanglement) and an ex-
clusivity that forbids co-existence in the same place (the
Pauli exclusion principle). These two are not in contra-
diction; they are two faces of the same mathematical fact:
the impossibility of filling space with regular tetrahedra.
Pauli repulsion is the driving force of this system — the
primordial force that compels the projection computa-
tion of dimensional reduction.

The impossibility of packing is isomorphic to the Pauli
exclusion principle in the sense that it forbids conver-
gence to zero distance, and simultaneously isomorphic to
the continuity of reference in quantum entanglement in
the sense that the system continues to project. All of
RSHG’s development — Niven’s theorem, the escape to
the 600-cell, force chains, the derivation of the gravita-
tional constant — flows from this Axiom Zero.

IIT. ALGEBRAIC FOUNDATIONS: NIVEN’S
THEOREM AND THE IMPOSSIBILITY OF
PACKING

It has long been known that regular tetrahedra cannot
fill three-dimensional Euclidean space [? |. When five
regular tetrahedra are assembled around a common edge,
the sum of their dihedral angles is 5 x arccos(1/3) =~
352.64, leaving a deficit angle § = 7.36 relative to 360.

In physical modeling, how one interprets this “small
gap” becomes a theoretical fork in the road. If this were
merely a numerical near-miss, there would remain the
possibility of approximately filling space by deforming it
into a suitable discrete lattice. However, the theorem of
Ivan Niven [I] eliminates this possibility at its root.

Niven’s Theorem [1]. If /7 is rational and cos@ is
rational, then cos@ € {0,4+1/2,£1}.

For the dihedral angle of the regular tetrahedron ey =
arccos(1/3), we have cos(biet) = 1/3, which is rational
but not contained in the above set. Therefore, by Niven’s
theorem, arccos(1/3)/m is irrational.

This algebraic fact carries an extremely powerful phys-
ical consequence. Being irrational, no combination of in-
teger multiples of regular tetrahedra can constitute 27
(or any symmetry that is a rational multiple thereof),
regardless of whether space is discretized or treated as
continuous. That is, the failure of regular tetrahedra to
fill space is an absolute rule of geometry, independent of
the choice of model (discrete or continuous). This inde-
pendence from the model choice is precisely what elevates



the packing failure from a numerical curiosity to a phys-
ical necessity.
We now define the fundamental parameters:

4] 5arccos(1/3)
=50 T=1-a= 5 . (2)
Numerically, o &~ 0.020434 and T =~ 0.979566. T is inter-
preted as the transmission rate per hop of a force chain
(Sec. [V].

RSHG treats this packing deficit § as the quantita-
tive expression of the structural tension — “continuing
to project but never completing” — indicated by Ax-
iom Zero. The deficit § is the source of an ineliminable
structural stress, and all subsequent development flows
from here.

IV. GEOMETRIC CONSEQUENCES: ESCAPE
TO FOUR DIMENSIONS AND THE NECESSITY
OF THE 600-CELL

A. Topological Ineliminability of Frustration

As established in Sec. [[TI} the packing deficit § is al-
gebraically ineliminable by Niven’s theorem. This does
not mean, however, that the system comes to rest. As
Axiom Zero indicates, the system continues to project,
driven by Pauli repulsion.

To describe this projection process intuitively: at the
origin of zero distance, all information is completely su-
perposed. Dimensional reduction is the work of disentan-
gling this superposition — projecting the complex bonds
of information in higher dimensions onto different posi-
tional relationships in lower dimensions. The cascade of
projections from infinite dimensions to four, and from
four to three, executes this work in stages.

However, at the projection onto three dimensions, the
work does not complete. Because the packing deficit
0 of the regular tetrahedron has transcendental proper-
ties by Niven’s theorem, there is no place within three-
dimensional space to absorb this remainder. Mathemati-
cally, by the Gauss-Bonnet theorem, the sum of all deficit
angles on a closed manifold is fixed by the Euler charac-
teristic x:

Z §; = const o< x(S?). (3)

all edges

Reducing § locally necessarily increases it elsewhere.
Rearrangements within three-dimensional space cannot
change the total amount of frustration. The remainder
that cannot be projected stays in three dimensions and
rebounds into four dimensions.

A transducer structure is needed to receive this re-
bound and translate the four-dimensional geometric ten-
sion into three-dimensional force. This transducer is
the 600-cell introduced in Sec. [V.Cl And the fact that
this translation never permanently completes — that the

remainder which cannot be projected continuously re-
bounds into four dimensions — forms the backbone of
the entire trilogy, not merely the explanation of gravity in
Part I. The four-dimensional remainder invisible to three-
dimensional observers but exerting gravitational effects
appears as dark matter; the computational entropy that
accumulates because the translation never completes ap-
pears as dark energy. Both are developed quantitatively
in Part III.

B. Narrowing the Four-Dimensional Candidates

The extension to four dimensions does not permit un-
limited freedom. The building blocks of RSHG are reg-
ular tetrahedra, and this constraint determines the solu-
tion uniquely.

There are exactly six regular four-dimensional poly-
topes [8]. Of these, only the following three have regular
tetrahedra as their facets (three-dimensional boundary
faces):

Polytope Schléfli Symbol Tetrahedra per edge

5-cell {3,3,3} 3
16-cell {3,3,4} 4
600-cell {3,3,5} 5

TABLE I. Regular four-dimensional polytopes with tetrahe-
dral facets.

C. Unique Determination by Topological
Continuity

The precise structure of the frustration we encountered
in three dimensions is this: “five regular tetrahedra meet
at one edge but do not close.” The requirement is to
extend to higher dimensions while preserving this local
topology. Changing the topology would mean changing
the problem defined by Axiom Zero itself.

Of the three candidates above, only the 600-cell
{3,3,5} inherits the three-dimensional local structure of
“five tetrahedra meeting at one edge.”

The 600-cell fills the four-dimensional hypersphere S3
with 600 regular tetrahedra without gaps, achieving zero
deficit angle [8]. The geometric tension that appeared in
three dimensions as a deficit of § ~ 7.36 is, for the first
time, completely absorbed in four dimensions.

The principal properties of the 600-cell are as follows:

e Vertices: 120 (coordination number 12 at each ver-
tex)

e Edges: 720
e Faces: 1200 (all equilateral triangles)
e Cells: 600 (all regular tetrahedra)



e Symmetry group: Hy (order 14,400)

The 600-cell is not an arbitrarily introduced back-
ground spacetime. It emerges as logical necessity —
the unique geometric structure that, starting from Ax-
iom Zero, passing through Niven’s theorem, preserves
the topology of three-dimensional frustration and closes
in four dimensions.

D. The Elastic Structure of the 600-Cell and
Projection

The 600-cell is not merely a geometrically closed struc-
ture. Because ¢ is ineliminable, the 600-cell is understood
as an elastic structure that permanently stores geometric
tension — like a compressed coil spring maintaining its
tension.

When this elastic structure is projected onto the ob-
servable three-dimensional space (the brane), the accu-
mulated geometric tension manifests as force chains. The
rich structure of Hy symmetry in four dimensions —
14,400 symmetry operations, the complex bonds of infor-
mation woven by 720 edges — cannot be fully projected
onto the screen of three dimensions. The ineliminable re-
mainder arising from projection constitutes the substance
of structural stress and appears to three-dimensional ob-
servers as gravity. Projection is not a process of losing
information but a process of translating four-dimensional
tension into three-dimensional forces.

Taking the projection direction as the x4 axis, each
edge vector decomposes into a component along x4 (an-
nihilated by projection) and a residual component (sur-
viving in three dimensions). The force-transmission ca-
pacity of an edge is proportional to sin? 8, and a fraction
cos? f is lost to projection.

Under H, symmetry, the 720 edges of the 600-cell are
classified into five classes by the value of cos? #:

cos?’0  Edge count Notes
0 180 Fully preserved
(3—+/5)/8 144 —
1/4 240 —
©?/4 144 o= (1+5)/2
1 12 Fully annihilated

TABLE II. Edge classification by cos® @ under H, symmetry.

Averaging over all 720 edges, the terms containing v/5
cancel exactly, yielding the exact analytic values:

180 1 3
<0052 9> = m = 1, <Sin2 0> = 1 (4)
This represents the isotropy of projection in four-
dimensional space: regardless of the choice of projection
direction, the mean transmission capacity is always 3/4.
This isotropy is a direct consequence of H; symmetry
and contains no adjustable parameters.
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FIG. 1. Dimensional projection hierarchy and geomet-
ric frustration in RSHG. The left panel shows the cascade
of projections from the infinite-dimensional origin of com-
plete symmetry (Do, Axiom Zero: zero distance) through
the four-dimensional crystalline bulk (Da: the 600-cell, zero
frustration) to the observable three-dimensional brane (Ds3).
The geometric tension perfectly absorbed within the four-
dimensional bulk manifests in the projection onto three di-
mensions as an ineliminable remainder; this remainder re-
bounds into four dimensions and, through force chains, be-
comes the source of emergent gravity. The inset (right) shows
the deficit angle 6 ~ 7.36 that arises as an algebraic necessity
— established by Niven’s theorem [I] — when five regular
tetrahedra share a common edge in three-dimensional space.
This geometric frustration is the quantitative expression of
the structural tension that drives the entire projection cas-
cade. The cascade is driven by Pauli repulsion (Axiom Zero),
which compels the system to project while simultaneously for-
bidding convergence to zero distance.

The quantitative details of this projection structure
— redundancy-based robustness, derivation of the stress
inertia rate 7, and the complete computation of Qjpca =
100 — are carried out in Sec. [V1

V. FORCE CHAINS AND GRAVITY:
ZERO-PARAMETER DERIVATION OF Qjoca1 = 100

A. Frictionless Jamming and Force Chains

As shown in Sec. [[V] the projection of the 600-cell
onto three dimensions manifests geometric tension as
force chains. Force chains are paths that transmit loads
through contact networks between particles in granular
physics, and have been characterized in detail by the ex-
perimental and theoretical work of O’Hern et al. on fric-
tionless jamming transitions [2, [@].

What is essential for RSHG is the condition of fric-
tionless jamming. When friction is present, both nor-
mal stress and tangential stress (friction force) act at
contact points. In the frictionless case, however, only
normal stress is transmitted. This constraint is funda-
mental to RSHG: the force components that survive in
three dimensions after projection of the 600-cell are only
those in the normal direction proportional to sin® 6, and



this is isomorphic to the condition of frictionless jam-
ming. Tangential components are annihilated by pro-
jection; only normal components appear on the three-
dimensional brane.

B. The Ideal Vertex Count Qigcai: Depth-Weighted
Counting

Of the 120 vertices of the 600-cell, the 108 internal
vertices excluding the 12 surface vertices are classified by
combinatorial depth as follows:

Depth d Vertex count

1 33
2 42
3 32
4 1
Total 108

TABLE III. Bulk vertex distribution by combinatorial depth
in the 600-cell.

The transmission rate per hop of a force chain is T =
5arccos(1/3)/(2m) &~ 0.9796 (Sec. [[II]). A vertex at depth
d passes through d hops, so its contribution is weighted
by T?. The ideal vertex count is defined as:

Qidea = 337 + 4277% + 3273 + T* ~ 103.63.  (5)

The difference from the observed value Q5ca1 = 100 is ap-
proximately 3.6%. Three independent geometric mecha-
nisms that account for this deviation are presented below.

C. Isotropy of Projection: (sin®6) = 3/4
As shown in Sec. [[V] classifying the 720 edges into five
classes under H; symmetry and averaging gives

180 1
720 47

(sin? @) = 3 (6)

2
(cos® 6) 1

exactly. This isotropy fixes the mean transmission capac-
ity at 3/4 regardless of the choice of projection direction.

D. Redundancy and Robustness: Uniform Cluster
Coefficient 5/11

Every one of the 720 edges of the 600-cell belongs to
exactly five triangles. The corresponding cluster coeffi-
cient is 5/11, uniform across all vertices and all depth
layers. This uniformity is a direct consequence of H,4 be-
ing edge-transitive: any edge can be mapped to any other
by a symmetry of the polytope.

In engineering reliability theory, if £ independent paths
each survive with probability p, the probability that at

least one survives is:
P(k,p) =1—(1-p)*. (7)

Identifying the survival probability of each edge with the
fraction not annihilated by projection, p = 1—cos?#, and
using k = 5 redundant paths:

P(k=5)=1—cos'. (8)

We note that Z?QOcdgcs cos!?§ = 945/32 holds exactly
as a rational number. The fact that all irrational terms
containing v/5 cancel completely even in this high-order
moment is a striking signature of H; symmetry.

E. Stress Inertia Rate : Unique Determination by
Dimensional Constraints

The vibrational energy of the 12 edges completely an-
nihilated by projection (8 = 0, cos?§ = 1) does not van-
ish but is carried forward to adjacent force chains. This
carry-forward is stress inertia, and its rate 7 is uniquely
determined by two geometric facts.

Fact 1 (Residual dimension of projection). The 4 —
3 projection eliminates the x4 axis, leaving the three-
dimensional residual space (z1,x2,x3). The isotropy es-
tablished in Sec. [[V] confirms that all three residual di-
rections carry equal weight. Residual dimension = 3.

Fact 2 (Dimensional constraint of sequential propa-
gation). Force chains propagate sequentially: depth
1—2—3— 4. Theedge (A — B) followed by (B — C)
shares one dimension at vertex B, reducing the number
of independent redistribution directions to 3 — 1 = 2.

The inertia rate is the packing-failure odds ratio (a/T')
scaled by the dimension ratio:

a 3 3o
=T 53=57 " 0.031289. (9)
This derivation proceeds independently of Qocai: the
factor 3/2 is fixed by dimensional geometry alone, and
Mocal = 100 emerges as a consequence, not a premise.
That the factor 3/2 is the unique correct value is con-
firmed by the fact that substituting other dimension ra-
tios fails to reproduce Qjoca = 100.

The effective transmission rate of each edge incorpo-
rating stress inertia is:

Pug(cos?0) =1 — (1 —n)cos? 0, (10)

Ui

and the final survival probability using k = 5 redundant
paths is:

P(k=5,1) =1— (1— Pg)’. (11)

F. Main Result: Derivation of 5. = 100

Integrating the three mechanisms — depth attenuation
T?, isotropic projection, and uniform redundancy:

Qlocal = Qideaul X <P(k:57 77)>7 (12)



where the average is weighted by multiplicity over all 720
edges:

(P) = % ZNZ» [1 —(1—(1—(1-n)cos? 97:))5] (13)

Numerical evaluation yields:

| Qiocal & 100.000069. | (14)

A Python implementation of this calculation is available
from the author upon request.

The origin of every quantity used in this computation
is shown in Table [V]

Quantity Origin
arccos(1/3) Tetrahedral dihedral angle
5 Packing attempts (Pauli repulsion)

108-vertex depths 600-cell combinatorics
720-edge classes H4 symmetry

k=5 Uniform cluster coefficient
n=3 Dimension of observable space
Free parameters Zero

TABLE IV. Complete inventory of inputs to the derivation of
Q1ocal-

The integer 100 is not postulated. It emerges geo-
metrically from arccos(1/3) and spatial dimension n = 3
alone.

G. Connection to the Gravitational Constant G

Substituting Qjoca1 = 100 into the Israel junction con-
dition framework [3],[10] yields the derivation of the grav-
itational constant:

4t

G (15)

= 2 N 5
2bulk ' lp ' Q10ca1 -siné

achieving 1.1% agreement with the CODATA 2018
value [4] as G =~ 6.60 x 10711 m?/(kg - s?), with zero
adjustable parameters.

VI. EQUILIBRIUM WITH PAULI REPULSION:
THE EMERGENCE OF STABLE MATERIAL
STRUCTURE

A. Matter Cannot Exist with Attractive Force
Alone

The force chains derived in Sec. [V are attractive stress
transmission appearing as the three-dimensional projec-
tion of a four-dimensional elastic structure. But here a
fundamental question arises: if only attractive force ex-
ists, why does matter not collapse?

The answer to this question already resides within Ax-
iom Zero. Pauli repulsion is not a concept introduced
after the fact. As formulated in Sec.[[] the Pauli exclu-
sion principle is a primordial requirement of the theory
on a par with quantum entanglement, flowing from the
same root as force chains (attractive force) — the impos-
sibility of filling space with regular tetrahedra.

The impossibility of packing bifurcates into two conse-
quences. The first branch generates force chains (struc-
tural stress), which manifest as gravity. The second
branch generates exclusivity (computational entropy),
which manifests as Pauli repulsion. The former has an
equilibrium partner; the latter is that partner. This bi-
furcation is not an arbitrary division but the two physical
aspects of a single mathematical fact: the impossibility
of packing.

B. The Two-Layer Structure of Structural Stress
and Computational Entropy

The consequences arising from the impossibility of
packing appear as two qualitatively distinct quantities.

The first is Structural Stress. This is the normal stress
transmitted through force chains, observed as gravity,
the inertia of matter, and the rigidity of force chains.
This quantity has an equilibrium partner and forms sta-
ble structures.

The second is Computational Entropy. This is compu-
tational heat generated perpetually because the packing
computation does not converge, and it has no equilib-
rium partner. This quantity accumulates throughout the
universe and is observed as dark energy [5]. Details are
developed in Part III.

Pauli repulsion functions as the equilibrium partner of
the first layer — structural stress. It is this asymmetry
— that structural stress finds equilibrium while computa-
tional entropy does not — that explains the accelerating
expansion of the universe.

C. The Equilibrium Condition and the Emergence
of Stable Structure

When the structural stress ogiruct from force chains
and the exclusion stress op,yu; from Pauli repulsion are
in equilibrium:

Ostruct — OPaulis (16)

stable material structure emerges. This equilibrium is
dynamic: Pauli repulsion continuously drives projection
while structural stress resists it — not as a force seeking
contraction, but as a rigidity opposing expansion. The re-
sult is not a static equilibrium but an equilibrium within
sustained tension.

The packing fraction ¢ at which this equilibrium is
realized lies near ¢ =~ 0.62, just below the critical point



of the jamming transition [2] ¢, ~ 0.64. The geometric
origin of this value is detailed in Part III.

D. Connection to Wave Mechanics

The microscopic description of Pauli repulsion requires
wave mechanics. The standard quantum mechanical re-
sult that antisymmetric wave functions of fermions forbid
co-existence in the same place is read, within the RSHG
framework, as follows: antisymmetry is the description,
in the language of continuum mechanics, of the exclusiv-
ity requirement of Axiom Zero — that “no two things
can exist in the same place.”

The quantitative treatment of Pauli repulsion — the
development of equations governing its equilibrium with
structural stress — is carried out in Part II. In this paper,
we confine ourselves to establishing the structural fact
that Pauli repulsion exists as an equilibrium partner, and
its origin traces back to the exclusivity of Axiom Zero.

E. A Boundary Definition of Life

The two-layer structure of structural stress and com-
putational entropy provides a physical definition of life.
Structural stress finds equilibrium (stability of matter).
Computational entropy does not find equilibrium (accel-
erating expansion of the universe). A system situated
at the boundary of these two — a system that possesses
structure while remaining capable of change — is the
minimal physical definition of life.

Boundary Definition of Life: Life is a system that exists
at the boundary between structural stress and computa-
tional entropy.

This definition is given in terms of measurable physical
quantities. Details are developed in Part III.

VII. DISCUSSION
A. The Significance of Zero-Parameter Nature

Let us reconfirm what has been achieved in this paper.
Every quantity used in the derivation of the gravitational
constant GG is not an externally given parameter but a
geometric necessity flowing logically from Axiom Zero.
The number of free parameters is zero.

The absence of parameters means the theory cannot
“fit” itself to data; consequently, disagreement with ob-
served values would mean not the revision but the rejec-
tion of the theory. This is the core of RSHG’s scientific
strength.

B. The Two-Pillar Structure

The mathematical foundations of this paper rest on
two pillars.

The first pillar is Niven’s theorem [I]. It liberates
the impossibility of packing from the circular argument
— “packing fails because we assume discrete space” —
and establishes it as an algebraic necessity independent
of whether space is continuous or discrete. This places
RSHG’s starting point on an absolute ground that does
not depend on the choice of model.

The second pillar is the experimental establishment of
frictionless jamming by O’Hern et al. [2]. The constraint
that force chains transmit only normal stress is isomor-
phic to RSHG’s projection computation (only the sin® 4
component survives), connecting the theory to existing
granular physics [9, [11].

C. The Overall Picture of the Trilogy

This paper, as the first part of the RSHG trilogy, com-
pletes the derivation from Axiom Zero to the gravita-
tional constant. The remaining questions are entrusted
to Parts IT and III.

Part IT addresses the question “why does computa-
tional cost determine the speed of light?” The quanti-
tative derivation of the Planck scale previewed in Ax-
iom Zero, the description of Pauli repulsion through
wave mechanics, and the Light-Speed Resource Alloca-
tion Principle (LRAP) — the speed of light as an unfold-
ing process in which projection advances while expanding
space — are developed there.

Part III addresses the question “why is the cosmolog-
ical constant 122 orders of magnitude smaller than ex-
pected?” [5] It shows the mechanism by which the com-
putational entropy that accumulates because the packing
computation never converges is suppressed through six
stages of hierarchical jamming transitions. The quanti-
tative derivation of dark energy, the detailed account of
the boundary definition of life, and the physical origin of
the experience of time are also developed there.

D. Falsifiable Predictions

RSHG generates the following falsifiable predictions.

First, traces of Hy symmetry in the angular power
spectrum of the CMB. The lowest non-trivial represen-
tation of the symmetry group Hy of the 600-cell corre-
sponds to ¢ = 120, and systematic deviations ACy/Cy =~
0.05-0.10 from the standard ACDM model are predicted
at { = 120n. Notably, an independent analysis by Ichiki
and Nagata [6] has already reported a statistically sig-
nificant anomaly near ¢ ~ 120 in Planck satellite and
WMAP data (Ax? ~ —20, probability of rejecting the
null hypothesis 8 x 107%). RSHG provides a geometric
interpretation of this existing observational anomaly in



terms of H4 symmetry. Further evidence for large-scale
CMB anomalies has been discussed by Schwarz et al. [7].
Precise verification is possible with the next-generation
experiment CMB-54.

Second, measurement of the ratio of structural to ther-
mal entropy Sstruct/Sthermal & 0.2 in Bose-Einstein con-
densates. This is a direct verification of the two-layer
structure described in Sec. [VI] and is feasible by 2027.

Third, reflection of the H; edge classes in the angu-
lar statistics of force chains. In numerical simulations
of compressed tetrahedral particles, it is predicted that
features of the angular distribution corresponding to the
five cos? # classes will appear.

All of these predictions are quantitative and falsifiable
by observation.
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