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Abstract

We formulate black holes within the octonionic projection framework in which
spacetime geometry is not fundamental, but arises as a low-energy Lorentzian pro-
jection of a deeper non-associative algebraic structure. The starting point is the real
normed division algebra of octonions, whose imaginary sector carries a canonical Go
three-form [I1, 2, 3} [4, 5, 6]. Since this G structure is intrinsically Riemannian, phys-
ical spacetime requires additional dynamical projection data: an independent clock
line, a stable associative spatial three-plane, and suppression of the coassociative
sector. In the associative low-energy exterior region, the projected metric obeys
FEinstein-type equations and the static spherically symmetric vacuum solution is the
Schwarzschild geometry [7]. The Schwarzschild radius is therefore recovered as the
standard exterior horizon scale of the emergent metric, not as a direct dimensional
consequence of the associator alone.

The genuinely new strong-field ingredient is the trilinear octonionic associator
sector. Because octonions are alternative, a nontrivial associator interaction re-
quires at least three independent octonion-valued fields. In the black-hole interior,
the associator contribution can become dynamically relevant and may saturate at
finite density. As a speculative extension of the present model, this replaces the
classical curvature singularity by a regular de-Sitter-like core, while leaving the ex-
terior solution unchanged to leading order; the comparison class includes regular
black-hole and loop-inspired interior models [8, [, T0]. We present the construc-
tion step by step: from octonions and G geometry to the associative projection,
from the master action to the effective field equations, from the exterior vacuum
limit to the Schwarzschild metric, and from bounded associator density to a regular
interior mass function. The resulting object is a horizon-forming, singularity-free
projected spacetime whose possible deviations from general relativity are confined

to near-horizon, ringdown, and high-curvature regimes.



1 Introduction and Scope

Classical general relativity describes black holes as solutions of the Einstein field equations.
The Schwarzschild exterior is one of the most robust predictions of the theory [7], but the
same classical solution contains a curvature singularity at » = 0. This singularity signals
the breakdown of the purely geometric description rather than a reliable prediction of
infinite physical density.

The purpose of the present work is to embed black holes into the octonionic founda-
tion framework. Established mathematical input is taken from the literature on octonions,
non-associative algebras, Go geometry, special holonomy, and calibrations [I}, 2}, [3, 4 [5] [6];
the dynamical projection and associator-core interpretation are the author’s own theo-
retical construction. The claim is not that all details of quantum gravity or black-hole
microphysics are already uniquely derived. The more precise claim is that a real normed
non-associative algebra, together with a local variational principle and a dynamical asso-
ciative projection, provides a controlled mechanism by which a Schwarzschild exterior, a
regular interior, and information-preserving algebraic degrees of freedom can coexist.

The conceptual chain is
O — fare — ¢ — G2 — Ly ® P3 — (M, gz,ff) — black-hole projection.

Here O is the octonion algebra, f,;,. are its structure constants, ¢ is the associated G,
three-form, L, is an independently selected clock line, and P; C Im© is a dynamically

selected associative spatial three-plane. The coassociative complement
Qs= Py

is not discarded; it is interpreted as a hidden, massive, compact, or dynamically suppressed
internal sector.

This paper applies that projection mechanism to black holes. The exterior geometry
is recovered in the associative low-energy limit, where the comparison solution is the
Schwarzschild vacuum metric [7]. The interior differs from classical general relativity
because the non-associative associator sector becomes relevant and can prevent unbounded

curvature growth.



The construction will be presented in the following logical order:

2

minimal principles

4

octonions and G5 three-form

4

associative projection L; & P;j

Y

master action and field equations

4

Schwarzschild exterior and regular associator core.

Minimal Physical Principles

The black-hole model is not introduced as an isolated metric ansatz. It follows the same

minimal principles used in the octonionic foundation framework.

1.

Reality of observables. Observable densities must be real. For octonions this

means that physical scalar densities are built from real parts and inner products.

. Positive norm. The fundamental algebra must possess a positive norm so that

projected probabilities and energy densities are well defined.

. Locality. The effective low-energy theory on the emergent spacetime must be local,

at least at the derivative order considered here.

Diffeomorphism covariance. The emergent four-dimensional description must

be expressible through scalar densities integrated with /=g d*z.

. Maximal algebraic nontriviality. The algebraic starting point should contain

R, C, H, and a genuinely non-associative sector while preserving a positive norm.

Stable non-associative energy. The energy associated with non-associativity

must be bounded below.

Low-energy recovery. Ordinary Einstein gravity and complex quantum mechan-

ics must be recovered after associative projection.

The Hurwitz theorem restricts finite-dimensional real normed division algebras to
[T, 2, 3]

R, C, H, O.



The sequence has a clear physical interpretation:
RcCcHCcO.

The real numbers give real scalar observables. The complex numbers give phases and
ordinary quantum amplitudes. The quaternions provide noncommutativity and natu-
ral spinorial structure. The octonions add genuine non-associativity while preserving a
positive multiplicative norm [II, [3]. Hence only O contains all ingredients needed for a pro-
jection framework in which standard physics appears as an associative low-energy sector

and non-associativity remains available in strong-field regimes.

3 Octonions, G5 Geometry, and the Associator

Let
O =Rey @ Im O, Im ©Q = spang{ey,...,er},

with eg = 1. The octonionic product is fixed by the standard Fano-plane structure
constants |1, 2], 3]

€aCp = _6ab60 + fabcec, a, b, C = 1, Cey 7,

where f,. are totally antisymmetric structure constants. A definite Fano-plane convention

may be fixed by

f123 - f145 - f176 = f246 - f257 - f347 = f365 - 1’

with all other components obtained by antisymmetry.

The real inner product and norm are
(X,Y) = Re(XY), 1 X]* = (X, X) > 0.
The canonical octonionic three-form is [1I, 2], 4]
1 a b oA e
Q= éfabce Ae’ A e’

Its stabilizer is

G2 = Aut (@) .

A positive stable G5 three-form determines a Riemannian metric on Im Q@ through the

standard G, reconstruction identity [4] [, 6]

1
(gcp)ab = éfacdbed = 6ab-



However, this is a seven-dimensional Riemannian structure. It does not by itself define
a four-dimensional Lorentzian spacetime. This is why the model requires the additional
projection data L; & Pj.

The associator is defined by

Az, y, 2) = (zy)z — 2(y2).
Since O is alternative [3, [1J,
Az, 2, 2) = Az, y,y) = Az, z,2) = 0.

Therefore a single repeated octonionic field cannot generate a nontrivial associator self-

interaction:

AW, U, 0) =0.
The minimal non-associative sector requires three independent octonion-valued fields,
\I/]IM4—>©, 121,2,3,
and the first positive scalar measuring genuine non-associativity is

ATy, Ty, U3)]%.

4 Detailed Associative Projection to Lorentzian Space-
time

A key point of the model is that a G9 structure is not directly identified with physical

spacetime. Instead, spacetime appears after a projection.

4.1 Associative and coassociative splitting

Following the standard calibration terminology for G5 geometry, an oriented three-plane
P; C Im O is associative if [6l, 4, 5]

gD’pa, = V01p3.

Then
R& P~ H,

so the corresponding subalgebra is associative. Its orthogonal complement
Qs= Py

5



is coassociative in the calibrated Gy sense [6, [5]. Thus the imaginary octonions split as

Im@ng@Q4

4.2 Clock line and Lorentzian signature

Because the standard G5 metric is Riemannian [4, 5], the present model introduces as an

own dynamical assumption that a Lorentzian metric requires an independent clock line
L; = span(u).

Let 7, be the corresponding clock one-form and let h,, be the spatial metric induced by

g, on P3. More explicitly, the clock data are assumed to satisfy
T ult =1, hyu” =0, hy, >0 on Ps.
The effective Lorentzian metric is then
gfg = —7,7 + hy.

Under these normalization and orthogonality assumptions, gfﬁ has signature (—+++) on
the projected four-dimensional spacetime. This makes explicit where the Lorentzian sign
enters: the three spatial directions come from an associative G5 plane, while the negative

direction is supplied by the clock field.

4.3 Low-energy stability condition

A low-energy associative sector is selected by a potential of the schematic form

Mé M2.
Ve = Vioo + A A(W1, Ua, ¥3)||* + - > MW, |I* + %Hcph% — volp, ||*.
I

Here Il projects onto the coassociative sector. The four terms have distinct roles:

Vo : selects the local vacuum and mass spectrum,
AlJA? suppresses genuinely non-associative excitations,
MW > gaps coassociative modes,

M2 ||¢|p, — volp,||? : selects calibrated associative planes.

At energies
E < MQ, E < Mm157 GA(E) < 1’



the effective dynamics is confined to
Lt 7] P37

and ordinary four-dimensional Lorentzian physics is recovered.

5 Master Action and Coupling Dimensions

The effective projected action is taken in the form. Its Einstein-Hilbert part is the es-
tablished low-energy gravitational structure, whereas the octonionic multiplet, associator
potential, and projection-dependent nonminimal term are model-specific theoretical as-

sumptions:

1 3. a
Slg, V] = /M4 d'z\/—g [%(R —20) = > ?Ig“l'<vu\l’1, VU7 — Viee (W1, Ua, W3) — A A(Tq, Uy, U3)7

=1
The role of each term is:
iR : leading metric dynamics after Lorentzian projection,

A vacuum curvature contribution,

(VU, V) : propagation of the octonionic multiplet,

Vioe : local vacuum selection,
A|JA? minimal positive non-associative invariant,
ER(V, W) : leading nonminimal curvature feedback.

In natural units ¢ = h = 1, canonical normalization gives

(] =1, [A(Wy, Uy, U3)] = 3, IA[*] =6,
and therefore
[A] = —2.
It is useful to write
R
— ﬁf’

where M, is the non-associative scale and 74 is dimensionless. The dimensionless expan-

ea(E) ~na (]5)2

sion parameter is

Low-energy consistency requires
€ A(E) <1

in all currently tested regimes.



The gravitational coupling is
881G

K 4

c
in SI units, or kK = 87 G in natural units. The nonminimal curvature term modifies the
effective gravitational coupling:

1 1 3
— =& (¥, V).
1

2Keft T 2% iz

Consistency with precision weak-field tests of general relativity demands [14]

<1

2%5 Z<\PI’ \I/[>
I

in solar-system and laboratory environments.

6 Projected Field Equations

Variation with respect to the emergent metric gives the projected Einstein-type equations;
the variational structure follows the standard general-relativistic form, while the stress-

tensor components below are the model-specific octonionic additions:

G +Agu = kTt

pv

where
Teff o Tkin Tloc passoc T{
pv T Tuv + uv + uv + pv:

For the kinetic term one obtains
) 1
T = Sy [(vuwl, Vo) = 509" (V01 Vo).
I;

The local potential gives
T/IL(I)/C = _g,ulx‘/loc'

If the associator norm contains no additional explicit metric dependence beyond the pro-

jected scalar density, the leading contribution is
T3¢ = —gu Al APy, Wy, W),

More generally, additional metric-dependence terms can arise from the projection maps,

covariant derivatives, or internal contractions.



For
F = Z(qjla \I/I>7

I

the nonminimal term contributes schematically
T, = 26 [FG,y + g, OF — V.V, F].

The term proportional to F'G, may be shifted to the left-hand side and interpreted as
the effective coupling Keg.

The variation with respect to the fields gives

a‘/iOC
ov,

a; 0,0, — —2ADIA(Uy, Uy, U3) — 26RU; =0, [=1,23.

The adjoint maps D} are defined by
(A, AWy, .. 00, W) = <D}A,5\I/I> .

This is the mathematically correct trilinear replacement for any schematic single-field

associator equation.

7 Step-by-Step Recovery of the Schwarzschild Exte-
rior

Consider a static, spherically symmetric compact object. The exterior derivation below
follows the classical Schwarzschild vacuum argument [7], reinterpreted here as the asso-
ciative projection limit of the octonionic model. The assumptions defining the exterior

region are:
> Rcorea A<\Ijl7 \112’ \IJS) ~ O, VM\IJI ~ 0, Vioc ~ 0.

Then

eff
Te % 0.

For A = 0 on black-hole scales, the projected metric equations reduce to
G, = 0.
The most general static, spherically symmetric line element can be written as

dSQ — _62¢(T) CthQ + 62/\,.(7’) d’T‘Q + TQdQQ.



The vacuum equations imply [7]

672Ar(r) _ 1 . 2GM
c2r’
and OM/E
(r) = —M/C__
72 (1 — ng)

Asymptotic flatness fixes the integration constant and gives

2GM

20(r) _
e =1- .
c2r

Therefore

—1
ds? = — (1 _GM ) 22 + (1 _6M ) dr? + r2d0?.

c2r c3r

The horizon scale is
2GM

5 -

rs =
c

In the present framework this result is interpreted as a low-energy projection result.
It is not derived from a direct algebraic scaling of the associator alone. Rather, it follows

because the associative exterior projection reproduces Einstein-type vacuum dynamics.

8 Interior Associator Saturation

The difference from classical general relativity appears in the interior. The idea that
black-hole singularities may be replaced by regular cores has established precedents in
regular black-hole and loop-inspired scenarios [8, 9, [10]; the specific associator-saturation
mechanism below is the author’s own speculative extension. In the Schwarzschild solution
the curvature invariants diverge as » — 0. In the octonionic model, the interior probes

the non-associative sector. The relevant invariant is
A2(r) = [|A(Fy, Uy, Us) ||,
A regular black-hole configuration requires a bounded associator sector,

A2(r) < A2

max*

This bound may originate from nonlinear G5 constraints, a bounded effective potential,
or the dynamical return toward stable associative sectors.

The corresponding energy density is written as

pA(T’) = )\AQ(T) + ploc(r) + pkin(r)7

10



where the first term is the dominant non-associative contribution in the simplest strong-

field approximation. If kinetic and local terms also remain finite, then

pa(r) < co.

In the saturated core,

so that

A finite central density produces a de-Sitter-like interior. The effective metric function

near r = 0 becomes

r
f(’f‘) ~1- 0
&
with - 8rC
T s
02 = ~ NAZ
A 304 Po 304 max
when py denotes an energy density. If instead p"®* = py/c* denotes a mass density, the

equivalent expression is

G

-2
€A — 362 pgmss
In natural units this is equivalently
—2 Ry
gA ~ §>\Amax?

up to numerical factors depending on the precise stress-tensor normalization.

Thus the classical singularity is replaced by a finite-curvature associator core.

9 Effective Regular Metric and Mass Function

A useful projected effective metric is of the same static regular-black-hole form used in

comparison models [, 9], [10]:

ds* = —f(r)dt* + f(r) " dr? + r2dQ?,

with 2Gm(r)
m(r
r)y=1— ———-.
()
This one-function form, equivalently ¢, = —c? in the present coordinates, is not the

most general static spherically symmetric metric. It assumes an effective radial equation
of state

T, =T",, equivalently  p, = —p

11



for the regular core sector, as in many de-Sitter-core regular-black-hole models. Without

this additional assumption, the general projected ansatz would contain two independent

functions,
9 -1
ds* = —e**c2qt? + <1 - GT(T)> dr® + r*dQ>.
cr
The mass function is defined by
4 r
m(r) = —7;/ pa(r')r?dr’
2 Jo

if p4 denotes an energy density. In units where p4 is a mass density, the factor ¢=2 is

omitted:
m(r) = 47r/ PoESS (P2 dy
0

This distinction should be fixed consistently in a final numerical implementation.

For large 7,
2GM
— M —1—
m(r) = M, () -,
so the Schwarzschild exterior is recovered.
For small r, finite associator energy density implies
dr 4
m(r) o~ —por.
( ) 32 Po
Then e
-~ TGP o
if py is an energy density, or
87TGpglaSS 9
r)~1——/———r
£(r) -
if pg'®® is a mass density. In relativistic notation this is the standard de-Sitter-core form
Aeff 2
r)=1-— r
f( ) 3 )
with rC
T
Aer = A Po-

10 Curvature Invariants of the Regular Core

For the de-Sitter-like core )

f(r>:1_£77

A

12



the effective cosmological constant is

3
At = —
ff Ei

The curvature invariants are finite:

12
R= 4Aeff = 9
Ca
36
0y’
8., 2

Ryupa R™P7 = A% = ~0.
Y p 3 ff 6?4

R, R™ = 402 =

Thus the regularity condition is not merely qualitative. It is explicitly controlled by the

finite associator length scale /4.

11 Matching Between Exterior and Interior

A complete regular black-hole model must match the de-Sitter-like core to the Schwarzschild
exterior, as is also required in phenomenological regular black-hole constructions [§]. This

can be done by choosing a smooth density profile such as

3
pa(r) = poexp 3

0

or, more generally,
Po

T 14 (r/ro)™’

The condition n > 3 ensures finite total mass. The total mass is

pa(r) n > 3.

4 e
M="" / pa(r)ridr.
0

c2

The transition scale ry is fixed by the requirement that this integral produce the observed
mass M.

A physically acceptable profile must satisfy:

pa(0) = po < o0,
m(r) ~r* (r—0),
m(r) = M (r— o),

Fr) > 1— 2GM

c2r

(r — 00).

13



These conditions guarantee a regular core and the correct exterior limit.

12 Horizon as a Projected Phase Boundary

The horizon is defined by

f(T’h) =0.
To leading order,
2GM
Th Ty = —(5—.
c

If the interior correction is small near the outer horizon, one may write

J(r) =1 =2 +5fa(r),

with
|5fA<Th)| < 1.

The corrected horizon is

TR =Ts+ 0T,

Expanding f(r,) = 0 around r; gives

0= f(rs) + far(rs)orn + 6 falrs),

where .
/ e
J GR(Ts) =

S

Therefore
orp =~ —rgdfa(rs).

This shows explicitly that the horizon shift is small if the associator correction at the
outer horizon is small.

In the octonionic interpretation, the horizon is not a fundamental singular surface.
This is a model-specific interpretation, distinct from but phenomenologically constrained
by observed horizon-scale images of M87* and Sgr A* [I1], [12]. It is the locus where the
exterior associative spacetime projection changes causal character. The deeper octonionic
degrees of freedom remain well defined across this projected boundary.

The physical regimes are
r>r,: weak associator sector and classical spacetime projection,

r <rp:  strong associator sector and nonlinear algebraic dynamics.

14



Thus the horizon is a causal boundary of the emergent metric, while the underlying

algebraic state remains regular.

13 Geodesic Completeness

If the effective metric is smoothly extendable through the core and all curvature invariants
are bounded, the usual curvature-singularity obstruction to extending timelike and null
geodesics is removed. This statement follows the logic of regular-core black-hole models
[8, ©, [10], while the sufficient local regularity conditions below are formulated in the
present associator language:

pA<,r) < 00, pA(T) < 0, A2(7”) < A2

For a radial timelike geodesic in the effective metric,
ds® = —f(r)dt* + f(r)"'dr? + r2dQ?,

the conserved energy per unit mass is

Using the conserved energy,

Near the regular core,

so the right-hand side remains finite. Therefore the radial velocity remains finite and the
proper time evolution does not end at a curvature divergence. The same local conclusion
holds for null geodesics with an affine parameter. Full global geodesic completeness,
however, requires an explicit smooth extension of the matched interior—exterior geometry
and must be checked for the complete solution, not merely for the local de-Sitter-core

expansion.

15



14 Information Conservation

Within the present speculative model, information is not destroyed at a classical singu-
larity because no such singular endpoint exists in the fundamental algebraic description.
The information is encoded in the octonionic field configuration and in the associator

structure:
\Pl(m)7 A(WlanQ)\Ij?))'

A possible tensorial structure for an information-sensitive current is

JH

info

~ E,pro <A<\I/1, \1127 VV\I/{J,), VP\I/[> Uy -

At the present level this must not be interpreted as a derived Noether current. A conser-
vation law of the form

V.t =0

info

can only be asserted after the exact symmetry of the full octonionic effective action has
been identified. The expression above is therefore a schematic covariant candidate, not
yet a proven conserved current.

The physical interpretation is:
classical singularity absent = no endpoint where algebraic information is destroyed.

Hawking radiation may still appear thermal at leading semiclassical order, but the under-
lying algebraic evolution can remain information-preserving; this is a model claim that

requires a dedicated derivation of the quantum state and backreaction.

15 Thermodynamic Interpretation

At leading order the projected horizon entropy is the standard Bekenstein—-Hawking ex-
pression, written here as the standard semiclassical benchmark for the projected horizon
15, [16].

Aj, = 4nri.

The microscopic interpretation differs from a purely geometric one. The entropy counts
the number of octonionic configurations that project to the same exterior black-hole ge-
ometry:

SBH ~ log Nproj-

Associator fluctuations may induce subleading corrections,

S = SBH + ASA)

16



with
ASA ~ (A log SBH + O(S]EI}I)

The coefficient a4 is model-dependent and must be computed from the spectrum of pro-
jected associator modes.
The Hawking temperature remains, at leading order, the standard Schwarzschild value

I16].
ke
N 87TGM]€B ’

provided the outer horizon is Schwarzschild-like. A small horizon correction

Ty

T, =1+ 07y,

induces
0 TH -~ or h

TH Ts

to leading order.

16 Observable Signatures

The model is designed to agree with general relativity in the weak-field exterior region,
in accordance with precision tests of general relativity [I4]. Deviations are expected only

when associator corrections are non-negligible. The relevant small parameters are

E\? %
aB)~ma(1-) o R

16.1 Photon Ring and Shadow

The Schwarzschild photon-sphere radius is the standard value for the Schwarzschild ex-

terior [7]:

G _ 3GM _3

h — — 77’8‘
P c? 2

For a general metric function
ds® = —f(r)cdt* + f(r)" dr? +r°dQ?,

the photon sphere satisfies
rf'(r) —2f(r) =0.
Let
Ts
f(ry=1- " +dfa(r).

17



Writing
Tph = T’ShR + 5Tph7
one obtains to first order
2

T /
3?“}; [rond fa(rpn) = 20 fa(rpn)], —sr, /2

(STph >~

Equivalently,
Tph = TShR(l + 5ph), |5ph| < 1.

The sign and magnitude of d,, are not universal in the present effective formulation.
A robust test is a correlated pattern among photon-ring radius, near-horizon redshift,
and ringdown data, with horizon-scale imaging and black-hole spectroscopy providing the

natural observational comparison classes [L1], 12}, [13].

16.2 Ringdown

Quasinormal modes are sensitive to the exterior geometry and, at subleading order, to

boundary conditions associated with the regular interior [I3]. One may parameterize

wonm = war (1 + dgam),

with the phenomenological scaling estimate

G
_—

S

for a compact core scale /4 < rgs. This scaling is dimensional and model-motivated
rather than derived from a full perturbation calculation. The precise coefficient and even
the leading power require solving the perturbation equations for the matched regular
geometry. For astrophysical black holes the correction is expected to be small, but it may

become relevant in precision ringdown spectroscopy or for small primordial black holes.

16.3 Absence of Strong Hard-Surface Echoes

In the simplest speculative version of the present model, the octonionic black hole does
not replace the horizon by a hard reflective surface. The horizon is a phase boundary of
the projected spacetime, not a material shell. Therefore the simplest version of the model
predicts no strong late-time gravitational-wave echoes of the type expected from reflective

exotic compact objects. Weak dispersive effects are not excluded.

18



16.4 Nonthermal Information Leakage

Since the fundamental octonionic dynamics is assumed to be norm-preserving, the present
model suggests that Hawking radiation should not be exactly thermal at the deepest
level. This is a theoretical expectation of the model, not an experimentally established

statement. The expected nonthermal correction is entropy-suppressed,

1

Anonthermal ~ .
S BH

This is negligible for astrophysical black holes but may be more relevant for microscopic

or primordial black holes.

17 Consistency with Low-Energy Tests

The model remains consistent with standard tests only if the exterior associative pro-
jection satisfies the weak-field bounds summarized in precision tests of general relativity
[14]:

AT, T, T3) 20,  V,U;~0, 6 <1

in weak-field environments.
In post-Newtonian language, associator-induced corrections must satisfy limits of the

same order as current constraints on post-Newtonian deviations [14]:
674 < 1072, 684] < 1074

These conditions are naturally met if M, is sufficiently high, if associator excitations are
gapped, or if the coassociative sector is dynamically suppressed.

For exterior Schwarzschild vacuum,

so a nonminimal coupling proportional only to R(W, ¥) produces no exterior Ricci-scalar
correction. Corrections may still appear through the Weyl curvature, projection-dependent

terms, or nonzero near-horizon associator profiles.

18 Relation to Other Regular Black-Hole Models

The phenomenology resembles several regular black-hole approaches, including Bardeen-
type metrics, de-Sitter-core black holes, Planck-star scenarios, and loop-inspired interiors
[8, 9, 10]. The distinctive feature of the present model is the origin of the regularization

mechanism. The de-Sitter-like core is not added as an ad hoc matter distribution. It

19



arises from the bounded non-associative associator sector:

A2 < A2

max*

Thus the singularity is avoided because the underlying algebraic structure does not allow

an unlimited growth of the effective non-associative energy density.

19 Main Result

The complete black-hole chain is
O — AWy, Uy, Ug) — T — G = kT — g1

In the exterior,

Schwarzschild
v :

Tﬁlf/f =0, G =9

In the interior,

de Sitter core

2 2
"4 - Amax’ g,UV - gp,u

Therefore the central physical statement is

’The Schwarzschild exterior is recovered, while the classical singularity is replaced by a finite associato

20 Conclusion

The octonionic black-hole model is a strong-field application of the broader dynamical
projection framework. The exterior solution agrees with general relativity because the
low-energy associative sector reproduces Einstein-type vacuum dynamics and hence the
Schwarzschild exterior [7]. The interior differs because the trilinear non-associative asso-
ciator sector becomes dominant and saturates at finite density.

The Schwarzschild radius remains

_2GM

c2

TS Y

but its interpretation changes. It is the horizon scale of an emergent Lorentzian projection,
not evidence for a fundamental geometric singularity. The underlying octonionic degrees
of freedom remain regular beyond the projected horizon.

The main new element is the application of associator saturation to black-hole interi-
ors. This is not an established result of the cited literature, but the specific theoretical
proposal of the present work, to be compared phenomenologically with regular-core mod-

els and observational constraints [ [9} 10}, 111, 12} 13}, [14]. This connects horizon formation,

20



singularity avoidance, possible geodesic extension, information-preservation mechanisms,
and possible near-horizon deviations within the same variational octonionic mechanism

used to derive the low-energy emergence of spacetime, gravity, and quantum mechanics.

A Useful Gy and Octonionic Identities

With

c
€a€y = _6ab + fab €c,

the basic Go identities include [I, 2], 4 5] [6]
famnfbmn = 65ab7

fabmfcdm = 5ac(sbd - 5ad5bc + 77Dabcd»

where 1) = *,¢ is the dual G, four-form. These identities are used in reconstructing the

internal metric and in identifying associative and coassociative subspaces.

B Dimensional Summary

In natural units,

The kinetic term gives

The trilinear associator gives
[A(W1, 0o, W) =3, [[|A]*] =6.

Therefore
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