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ABSTRACT

Overview of the Obidi Action Principle

his monograph develops the full mathematical and conceptual foundations of the
I Obidi Action Principle (OAP), the central variational structure underlying the
Theory of Entropicity (ToE). The OAP unifies three geometric sectors— Fisher—

Rao, Fubini-Study, and Amari-Cencov a-connections—into a single entropic manifold


https://entropicity.github.io/Theory-of-Entropicity-ToE/philosophy/index.html

whose curvature, metric, and affine structure jointly determine the dynamics of spacetime,

matter, and gauge interactions.

Unlike traditional physics, where geometry, matter, and gauge fields are introduced as
separate entities, TOE derives all three from the information-geometric structure of the en-
tropic field. The Fisher—Rao metric becomes the spacetime metric; the Fubini—Study metric

becomes the matter—energy sector; and the a-connections become the gauge sector.

The Obidi Action is the unique diffeomorphism-invariant scalar functional construc-
ted from these structures, and its variation yields the full field equations of ToE: a general-
ized Einstein—Obidi field equation (EOFE), entropic matter equations, and entropic gauge
equations. This monograph presents the derivation, mathematical justification, and physical

interpretation of these results in a rigorous and unified framework.

New to this work is the recognition that information geometry is not merely a statisti-
cal or epistemic tool but the ontological substrate of physical reality. The entropic mani-
fold M functions as a pre-geometric arena from which spacetime, quantum matter, and
gauge interactions emerge as geometric projections of a single entropic field. In this view, the
Fisher—Rao, Fubini-Study, and a-connection sectors are not analogies to physical structures

—they are the physical structures, made dynamical through the Obidi Action.

The OAP therefore provides a unified geometric mechanism for the emergence of
Einsteinian gravity (EG), quantum-mechanical inertial structure, and Yang-Mills gauge
fields. It also introduces a new conceptual layer—ontodynamics—in which the laws of
physics arise from the geometry of being itself rather than from externally imposed dynami-
cal postulates. This establishes the Theory of Entropicity as a candidate framework for a
tully unified description of spacetime, matter, and interaction fields, grounded in the mathe-

matics of information geometry and the variational calculus of the entropic field.

un



Introduction: The Entropic Manifold and the

Ontological Elevation of Information Geometry

he Theory of Entropicity (ToE) begins from a radical but mathematically precise
T premise: information geometry is not epistemic but ontological. In classical statis-
tics, the Fisher—Rao metric measures distinguishability between probability distri-
butions; in quantum mechanics, the Fubini-Study metric measures distinguishability be-
tween quantum states; and in information geometry, the a-connections encode dualistic
affine structures. Traditionally, these structures quantify knowledge about systems. In ToE,

they quantify being itself.

The entropic manifold M is defined as the space of physically realized entropic configu-
rations. Each point § € M corresponds to a complete specification of the entropic field S(z)

, and the geometry of M encodes the physical laws governing the universe.

The Fisher—-Rao metric g;;(6) defines the spacetime interval; the Fubini-Study metric
hap(6) defines the inertial and energetic structure of matter; and the a-connections V(@ de-

fine the gauge structure. These three components form the entropic trinity of ToE.

The Obidi Action Principle (OAP) is the unified variational principle that governs the
dynamics of this entropic manifold. It is constructed from scalar invariants of gij, h4p, and
V(@ and its variation yields the full field equations of ToE. The OAP is therefore the en-
tropic analogue of the Einstein—Hilbert Action (EHA), the Yang—Mills action, and the

matter action, but unified into a single geometric functional.

New to this work is the recognition that the structures of information geometry are
not mathematical analogues of physical geometry but the very substrate from which
physical geometry emerges. The entropic manifold is not a model of spacetime; it is the
pre-geometric arena from which spacetime, matter, and gauge interactions arise as projec-

tions of a single entropic field. This ontological elevation transforms the Fisher-Rao,



Fubini-Study, and a-connection sectors from statistical constructs into fundamental geo-

metric constituents of reality.

This shift resolves a long-standing conceptual tension in theoretical physics: the coexis-
tence of three independent geometric frameworks—Riemannian geometry for gravity,
Kihler geometry for quantum mechanics, and principal-bundle geometry for gauge fields.
In ToE, these are not separate structures requiring unification; they are different faces of the
same entropic geometry. Their unification is not imposed but inevitable, arising from the in-

trinsic geometry of M.

The introduction of the entropic manifold therefore provides a natural explanation for
the geometric unity of physical law. It shows that the curvature of spacetime, the inertial
structure of quantum matter, and the holonomies of gauge fields are all manifestations of a
single underlying principle: the dynamics of entropy as geometry. This monograph devel-
ops this principle in full mathematical detail and establishes the Obidi Action as the foun-

dational variational structure governing the geometry of being.

§ |

The Entropic Manifold M: Coordinates, Structure, and

Mathematical Foundations

he entropic manifold M is a smooth, finite- or infinite-dimensional difterentiable
T manifold whose points represent entropic configurations of the universe. A coordi-
nate chart 6 = (6*,6%,...,0") labels these configurations. The probability distribu-
tion p(z|6) is not epistemic but ontological: it is the local expression of the entropic field

S(z).

The manifold is equipped with a measure p(x) such that p(z|0) u(x) d defines the en-
tropic density. The Fisher—Rao metric is defined by:



9:;(0) = /p(m|9) 0;1logp(x|0) 0;log p(x|0) dx.

The Cencov—Morozova theorem ensures that this metric is the unique Riemannian metric
invariant under suflicient statistics and Markov morphisms. This uniqueness is the mathe-
matical justification for identifying g,; with the spacetime metric: no other metric on M sat-

isfies the required invariance properties.

The entropic manifold also carries an internal sector described by the Fubini-Study

metric h 45(6), defined for pure states |1(X)) by:

ds” = 4 ((Ox | Ox) — (w0 | ) ) dA”.

This metric defines a Kihler geometry whose curvature encodes the inertial and energetic
structure of the entropic field. Finally, the manifold carries a family of a-connections V(@)

whose curvature defines the gauge field strengths.

Together, these structures define the full geometric content of the entropic manifold.

The Obidi Action is constructed from these structures and governs their dynamics.

A central conceptual feature of the entropic manifold is that it is pre-geometric: the man-
ifold M does not presuppose spacetime, but rather spacetime is a derived structure en-
coded in the Fisher—Rao metric. The coordinates ¢° are therefore not spacetime coordinates
in the conventional sense; they are entropic coordinates whose geometric relations give rise to
the familiar spatiotemporal relations only after the metric sector becomes dynamical

through the Obidi Action.

Although the Fisher—Rao metric is often expressed in coordinates, its most fundamental

definition is coordinate-free. For any tangent vector V' € Tp.M, the metric satisfies:

go(V, V) = Ep(alo) [(Vlogp(w\9))2] ,

where V log p denotes the directional derivative of log p along V. This formulation makes ex-

plicit that the geometry of M is determined by the response of the entropic field to infini-



tesimal deformations.

The family of a-connections endows M with a dualistic affine structure. For each a, the

pair (V®, V() forms a dual connection pair with respect to the Fisher—Rao metric:

Xg(¥,2) = g(VY,2) + g(v, V" 2).

This duality is a structural feature unique to information geometry and has no analogue in
classical Riemannian geometry. In ToE, this duality becomes the mathematical origin of

charge conjugation and gauge dualities in the physical sector.

The Fubini-Study metric belongs to a full Kihler triple (h, J,w), where J is the com-

plex structure and w is the symplectic form. These satisfy:

w(X,Y)=h(JX,Y), J?=-Id

This structure implies that the internal sector of the entropic manifold carries a canonical
symplectic geometry, making the Fubini-Study sector the natural geometric origin of
quantum phase space. In ToE, this is not an analogy: quantum mechanics emerges as the

Kihler-geometric shadow of the entropic manifold.

The skewness tensor Tjjx, which appears in the definition of the a-connections, plays a
role analogous to torsion in affine geometry. In ToE, this tensor encodes asymmetries in the
entropic field and becomes the geometric origin of chiral interactions and parity-violating

gauge phenomena.

Because the entropic manifold is the ontological substrate of physical law, the dimen-
sionful constants of physics—such as the speed of light, Planck’s constant, and gauge cou-
plings—arise as ratios of geometric invariants of gij, hap, and V@ In this framework,
physical constants are not fundamental inputs but derived quantities determined by the ge-

ometry of M.

The Cencov-Morozova theorem does more than guarantee uniqueness: it implies that

any metric on the space of entropic configurations that respects the natural morphisms of



the theory must reduce to the Fisher—Rao metric. Thus, the identification of g;; with the

spacetime metric is not a choice but a mathematical inevitability.

The assignment 6 — p(z|6) defines a functor from the category of entropic configura-
tions to the category of measurable spaces. The Fisher-Rao metric, Fubini-Study metric,
and a-connections arise as natural transformations of this functor. This categorical per-

spective clarifies why the geometric structures of ToE are canonical rather than arbitrary.

In ToE, the light-cone structure of spacetime emerges from the level sets of statistical
distinguishability. Directions in M along which p(z|0) changes minimally correspond to
causal propagation, while directions of maximal change correspond to spacelike separation.

Thus, causality is an entropic phenomenon.

g8 Il
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The Fisher—Rao Metric as the Spacetime Sector of the

Entropic Manifold

he Fisher-Rao metric occupies a privileged position within the Theory of
T Entropicity (ToE). It is not merely a statistical measure of distinguishability; it is the
unique Riemannian metric compatible with the transformation laws of
information-preserving mappings. This uniqueness, guaranteed by the Cencov—Morozova
theorem, elevates the Fisher—-Rao metric from a statistical artifact to a fundamental geomet-
ric structure of the entropic manifold. In ToE, this structure is identified with the space-

time metric.

Given a family of entropic configurations p(z|6), the Fisher—Rao metric is:

9ij(0) = /p(:r|0) 0ilog p(z|0) 0;1og p(x|0) dz.



This metric measures the infinitesimal distinguishability between neighboring entropic
states 6 and 6 + df. In classical information geometry, this is interpreted epistemically: it
quantifies how well an observer can discriminate between two statistical models. In ToE, the
interpretation is ontological: the distinguishability is a physical separation between two pos-

sible configurations of the entropic field S(z).

The Cencov—Morozova theorem states that the Fisher-Rao metric is the only
Riemannian metric invariant under sufficient statistics and Markov morphisms. In the en-
tropic ontology, these invariances correspond to the requirement that physical laws be in-
variant under coarse-graining and entropic transformations. Thus, the Fisher—Rao metric is

the only metric compatible with the fundamental symmetries of the entropic field.

The geodesics of the Fisher—Rao metric satisfy:

d?g - dei de*
') — — =
dr? +15(6) dr dr 0,

where I' ;. are the Christoffel symbols of gs;. These geodesics represent the physically real-

ized trajectories of the entropic field. The entropic interval:
ds® = gi;(0) d6"d¢’

is the analogue of the spacetime interval in general relativity. The manifold (M, g;;) is there-

fore the spacetime sector of ToE.

DIAGRAM: FISHER-RAO AS SPACETIME

Entropic Configurations § — Fisher—Rao Metric g;j; — Spacetime Geometry

Uniqueness (Cencov—Morozova) = Physica] Necessity



A deeper understanding of the Fisher—Rao metric arises from its coordinate-free definition.

For any tangent vector V' € Ty M, the metric satisfies:

90(V, V) = Ep(ajg) [(Vlogp(fv\f)))2] :

This expression shows that the Fisher—Rao metric measures the second-order sensitivity of
the entropic field to infinitesimal deformations. In ToE, this sensitivity is interpreted physi-
cally: directions in which p(z|#) changes minimally correspond to causal propagation, while
directions of maximal change correspond to spacelike separation. Thus, the causal structure

of spacetime emerges from statistical distinguishability.

The Fisher-Rao metric also admits a natural pseudo-Riemannian extension when the
entropic field satisfies global normalization and conservation constraints. These constraints
induce a decomposition of the tangent space into directions of positive, negative, and null
distinguishability, giving rise to an emergent Lorentzian signature. In this sense, the

light-cone structure of spacetime is a direct consequence of the entropic geometry of M.

The Christoffel symbols I'? j;, of the Fisher—Rao metric acquire a physical interpretation
in ToE. They encode the entropic inertia of the field: the resistance of the entropic configu-
ration to changes in its statistical structure. The geodesic equation

d?6 - de’ dor
T 0) = S =
dr? + 5k () dr dr 0

is therefore not merely a geometric identity but the equation of motion for the entropic
field. A freely evolving entropic configuration follows a path of extremal statistical length,

which becomes the physical trajectory of a system in spacetime.

The curvature tensor R’ j; of the Fisher-Rao metric measures the non-commutativity
of successive entropic deformations. In ToE, this curvature is interpreted as the gravita-
tional field. The Ricci tensor R;; and scalar curvature R quantify the degree to which the
entropic manifold deviates from statistical flatness. Thus, gravitational dynamics arise from

the curvature of statistical distinguishability.



An important consequence of the Cencov—Morozova theorem is that the Fisher—Rao
metric is not only unique but functorial: any morphism between entropic systems induces a
metric-preserving map between their corresponding manifolds. This functoriality ensures
that the spacetime sector of ToE is canonical and independent of arbitrary choices of param-

etrization or representation.

Finally, the entropic interval
ds® = g;;(0) d6'de’

acquires a physical interpretation as the minimal entropic cost required to move between
two configurations of the universe. In this sense, spacetime distance is not a primitive notion
but a derived measure of entropic change. The Fisher—Rao metric therefore provides the

mathematical foundation for the spacetime sector of the Theory of Entropicity.

5 1V
The Fubini-Study Metric as the Matter—Energy Sector
of the Entropic Manifold

he Fubini-Study metric arises naturally in the geometry of quantum states, but in
T the Theory of Entropicity it is reinterpreted as the matter—energy sector of the en-
tropic manifold. This reinterpretation is not metaphorical; it is a mathematically rig-
orous identification of curvature in the internal sector of the entropic manifold with the in-

ertial and energetic properties of physical systems.

For pure states [1())), the Fubini—Study metric is:

ds” = 4 ((Ox | Ox) — (| xep)[* ) dA”.

This metric defines a Kihler geometry on the projective Hilbert space. Its curvature tensor

R 4Bcplh] encodes the “stiffness” of the entropic field along internal directions. In ToE, this



stiffness is interpreted as inertial resistance.

Directions in the entropic manifold that are costly in the Fubini-Study metric corre-
spond to directions in which the entropic configuration resists deformation. This resistance

is the entropic analogue of mass.

The scalar curvature K[h] of the Fubini-Study sector contributes to the Obidi Action

via:

Lyslh, g] = —% prs Trg(KTh]),

where ppg is a coupling constant and Tr, denotes an appropriate contraction of internal

curvature with the spacetime metric.

Regions where K[h] # 0 correspond to regions where the entropic field stores energy,
mass, or internal degrees of freedom. A flat Fubini-Study geometry corresponds to
vacuum-like behavior. Thus, matter and energy are not external inputs to the theory; they

are curvature phenomena of the entropic manifold.

DIAGRAM: FUBINI-STUDY AS MATTER-ENERGY

Internal Geometry hap — Curvature K[h] — Matter/Energy Content

Matter = Curvature of the Entropic Field

A deeper understanding of the Fubini-Study sector begins with its full Kihler structure.

The metric h 4B, complex structure J Ap and symplectic form w4 satisfy:

hap = wact B, JAcJCp = 6.



This triple endows the internal sector of the entropic manifold with a canonical
complex-symplectic geometry. In ToE, this structure is not an import from quantum me-
chanics; rather, quantum mechanics emerges as the bolomorphic shadow of the entropic
manifold. The complex structure J encodes phase, the symplectic form w encodes interfer-

ence, and the metric h encodes inertial response.

The curvature tensor Rapcplh] of the Fubini-Study metric measures the
non-commutativity of internal deformations of the entropic field. In ToE, this curvature is
interpreted as internal stress or entropic inertia. Directions in which the curvature is large
correspond to internal degrees of freedom that resist deformation, giving rise to the physical

manifestation of mass.
The scalar curvature K [h] plays a central role in the Obidi Action. Its contribution

Lgslh,g] = —% prs Trg(K[h])

shows that the internal curvature couples directly to the spacetime metric g;;. This coupling
is the geometric origin of the mass—energy relation in ToE: the energetic content of a con-

figuration is proportional to the curvature of its internal geometry.

The Fubini-Study sector also encodes the geometry of quantum superposition. Given

two internal directions X and Y, the interference term
w(X,Y)

measures the symplectic area swept out by their combined evolution. In ToE, this area is in-
terpreted as the entropic phase accumulated by the internal configuration. Thus, quantum
interference is not a mysterious phenomenon but a geometric effect of the internal symplec-

tic structure of M.

The geodesics of the Fubini—Study metric satisfy:

dd)B d¢c —0
dr dr 7’




where ¢ are internal coordinates. These geodesics represent the natural evolution of inter-
nal degrees of freedom in the absence of external entropic forces. In the emergent
quantum-mechanical limit, these geodesics reduce to Schrédinger evolution on projective

Hilbert space.

An important structural feature of the Fubini-Study sector is its constant holomorphic
sectional curvature. This property ensures that the internal geometry is maximally symmet-
ric, making it the natural candidate for the internal sector of a unified theory. In ToE, devia-
tions from constant curvature correspond to excited internal states, which manifest physi-

cally as particles, fields, and matter content.

Finally, the Fubini-Study metric provides a natural measure of internal distance be-
tween entropic configurations. Two configurations that differ only by a global phase are
identified, while configurations that differ by internal structure are separated by a finite en-
tropic distance. This distance is the geometric origin of quantum state distinguishability

and, in ToE, becomes the measure of internal energetic separation.

S V

The a-Connections as the Gauge Sector of the Entropic

Manifold

he third geometric component of the entropic manifold is the family of Amari-
Cencov a-connections. In classical information geometry, these connections encode
dualistic affine structures and determine how statistical quantities are parallel trans-

ported. In the Theory of Entropicity, they are elevated to the status of gauge fields.

On the statistical manifold M with Fisher—Rao metric g;j, the a-connections V(*) are

defined by:

r@ _ p©

(8%
ijk ijk + 5 Tiﬂﬁ



0) . P : :
where I‘E jll is the Levi-Civita connection of g;j, and T}z, is the skewness tensor:

Tiji = /p(a:|0) 0;0;0r log p(x|6) dz

In a gauge-theoretic representation, one introduces gauge potentials AEO‘)“ valued in a Lie al-

gebra with structure constants f%.. The curvature (field strength) of the a-connection is:

(a)a aA(a) a A(a +fa )bA(a)c

Z]

In ToE, the a-connections define how internal degrees of freedom are parallel transported
along the entropic manifold. This is precisely the role played by gauge fields in Yang—Mills
theory. The curvature Fi(ja)“ is interpreted as the gauge field strength, and the holonomies

of V(@ correspond to physical charges and phase factors.
The gauge sector contributes to the Obidi Action through:
Lgauge[ - Z Ko gzkg na (a)a Fk(l )b .

Thus, gauge fields are not added to the theory as external structures; they are intrinsic affine
structures of the entropic manifold. The a-connections complete the entropic trinity:
Fisher—-Rao gives spacetime, Fubini-Study gives matter, and a-connections give gauge

interactions.

DIAGRAM: ACONNECTIONS AS GAUGE FIELDS

Affine Structure V@ — Curvature F(©@ — Gauge Interactions

Gauge Fields = Affine Geometry of the Entropic Field



Construction of the Obidi Action on the Entropic

Manifold

he Obidi Action Principle (OAP) is the central variational structure of the
Theory of Entropicity (ToE). It unifies the three geometric sectors of the en-
tropic manifold— Fisher-Rao, Fubini-Study, and Amari—Cencov a-connec-
tions—into a single diffeomorphism-invariant scalar functional. The OAP is not an arbi-
trary construction; it is the unique action compatible with the symmetries, invariances, and

ontological commitments of the entropic field.

Let M be the entropic manifold with coordinates 0¢. The geometric data on M consist

of:

1. The Fisher—Rao metric g;;(6), defining the spacetime sector.
2. The Fubini-Study metric h4p(f), defining the matter—energy sector.
3. The a-connections V (@), defining the gauge sector.

The action must satisty three fundamental requirements:

i. Diffeomorphism invariance on M.
ii. Construction from scalar contractions of curvature and metric tensors.
iii. Reduction to known physical actions (Einstein—Hilbert, Yang—Mills, matter actions)
in appropriate limits.
Let R[g] denote the Ricci scalar of the Fisher—Rao metric. Let K[h] denote the scalar cur-
vature of the Fubini-Study metric. Let Fi(ja)“ denote the curvature (field strength) of the a-

connection. Then, the celebrated Obidi Action is given compactly as follows:

1
Sobidi = / d"04/g| Rlg] + Lrs[h, 9] + Lgauge F'®, 9] + Lineg, b, F V]|
M 167TGE

Here n is the dimension of the entropic manifold, and G is the entropic gravitational con-

stant. The Fubini—Study (matter—energy) sector contributes:



Lrslh, gl = —% prs Try(K[h]),

where pupg is a coupling constant and Tr, denotes an appropriate contraction of interna
here pipg ling tant and Tr, denot te contract f internal

curvature with the spacetime metric.
The gauge sector contributes:
L F(a) _ 1 ik gl F(a)a F(a) b
gauge[ ag]__z Z’iag g7 MNab ij Kl
o

The interaction term Liy contains all non-minimal couplings between the three sectors,

constrained by diffeomorphism invariance, gauge invariance, and entropic symmetry.

DIAGRAM: STRUCTURE OF THE OBIDI ACTION

Spacetime (Fisher—Rao) + Matter (Fubini-Study) + Gauge (a-Connections)

— Unified Variational Principle Sopidi

§ VI

Variational Calculus on the Entropic Manifold

o derive the field equations of the Theory of Entropicity, one performs a systematic
T variation of the Obidi Action with respect to its independent geometric variables:
the Fisher—Rao metric g;;, the Fubini-Study metric h 45 (or equivalently the inter-
nal fields ¢*), and the gauge potentials Aga)“ associated with the a-connections. Each varia-

tion yields a distinct sector of the full ToE field equations.



VIL1 Variation with Respect to the Fisher—Rao Metric

Writing the action as:

Sobidi = /dn9 ’9’ Liotar,

with:

1
Ligta = mR[g] + Lys + Lgauge + Liys,

the metric variation yields:

o fare S | L ALy Loptetal | <
0S0obidi = /d 0 \/|g| |:167TGE (Gij + Asj) 2 T;; dg".
Setting 6Sopiai = 0 for arbitrary dg” gives the generalized Einstein—Obidi field equations
(EOFE):

total)

Gij + Aij = 87GE Tig'
total

Here A;; contains non-minimal couplings, and Ti(j ) is the total entropic stress—energy

tensor.

VII.2 Variation with Respect to the Fubini—Study Sector

Let ¢#(0) parametrize the internal manifold. The internal metric h4p(¢) and its curvature

K[h] become functionals of ¢*. The variation yields:

0SObidi
S

=0 = E4l¢,9,F¥]=0.

These equations describe the dynamics of the entropic matter sector, including mass gen-

eration, self-interaction, and coupling to gauge and gravitational fields.



VI1.3 Variation with Respect to the a-Connections

Let Aga) * be the gauge potentials whose curvature is Fi(ja)a. The variation yields:

0S0obidi / ik i a ./ a)i
22O ) — Dj( \glg’kglnaka(l)b>= fglJ()a-

5A@a

Here D; is the gauge-covariant derivative, and J (@), is the entropic gauge current arising

from the internal sector and interaction terms.

These are the entropic generalizations of the Yang—Mills equations.

DIAGRAM: VARIATIONAL STRUCTURE OF TOE

8S/8gi; — Gravitational Sector
§S/d¢p4 — Matter Sector
55/51450‘) — Gauge Sector

All from a Single Action Sopig

§ VI

The Full Field Equations of the Theory of Entropicity
(ToE)

T hus, we have seen, from all of the above, that the field equations of the Theory of

Entropicity (ToE) arise from the simultaneous variation of the Obidi Action

with respect to all geometric variables. These equations are not independent; they



are three projections of a single variational principle on the entropic manifold. Together,

they form a unified system describing the dynamics of spacetime, matter, and gauge

fields.

VIIIL.1 Generalized Einstein—Obidi Field Equations (GEOFE)

GU + A” = 87TGE Ti(tOtal).

J
This equation generalizes Einstein’s field equations (EFE). The Fisher-Rao metric g;;
plays the role of the spacetime metric, and the total entropic stress—energy tensor in-

cludes contributions from the Fubini-Study sector, the gauge sector, and their

interactions.

VIII.z2 Entropic Matter Equations
E4l¢, g, F@] =0.

These equations describe the dynamics of the internal entropic fields. They include mass
terms, self-interaction terms, and couplings to gauge and gravitational fields. They are the
entropic analogue of the Klein—Gordon, Dirac, or nonlinear sigma-model equations, de-

pending on the structure of hap.

VIII.3 Entropic Gauge Equations

b, (/g na FLP") =\ 760,

These are the entropic generalizations of the Yang—Mills equations. The a-connections
define the gauge structure, and their curvature defines the gauge field strengths. The cur-

rents J (@7 arise from the internal entropic geometry.

Together, these three sets of equations form the complete dynamical system of the

Theory of Entropicity (ToE). They describe how the entropic field evolves, how space-



time curves, how matter behaves, and how gauge fields propagate—all as manifestations

of a single geometric structure.

DIAGRAM: THE FULL TOE FIELD SYSTEM

Generalized Einstein—Obidi Field Equations (GEOFE)
Entropic Matter Equations
Entropic Gauge Equations

Unified by the Obidi Action Principle

APPENDIX A

Mathematical Preliminaries for the Entropic Manifold

his appendix gathers the mathematical structures required for the rigorous formula-
T tion of the Theory of Entropicity (ToE). The entropic manifold M is a differen-
tiable manifold equipped with three geometric sectors: the Fisher—-Rao metric g,
the Fubini-Study metric h4p, and the Amari-Cencov a-connections V(. Fach of these

structures requires a precise mathematical foundation.

A.1 Differential Geometry of the Entropic Manifold

Let M be an n-dimensional smooth manifold with coordinates 6°. A metric tensor g;;(6) de-

fines the line element:



The Levi-Civita connection associated with g;; has Christoftel symbols:

. 1 .
I = ng (0jger + Orgej — Oegik)-
The Riemann curvature tensor is:
Rijy =0k — O o + T I™ 5y — T4, T e
The Ricci tensor and scalar curvature follow:

Rj = R'j, R=g¢"Ry.

A.z2 Fisher—Rao Geometry

Given a family of entropic configurations p(z|6), the Fisher—Rao metric is:

9ij(0) = /p(:n\@) 0; log p(z|0) 0;1og p(x|0) dz.

The Cencov—Morozova theorem states that the Fisher—-Rao metric is the unique
Riemannian metric invariant under Markov morphisms. This uniqueness is the mathemati-

cal justification for identifying g;; with the spacetime metric in ToE.

A3 Fubini-Study Geometry
For pure states [1())), the Fubini—Study metric is:

ds = 4 ((0xp | Ox) — | (¥ | Ox95) ) A2

The Fubini-Study metric defines a Kihler manifold with complex structure J, symplectic

form w, and metric h satisfying:

hMJIX,JY) =h(X,Y), w(X,Y)=hJX,Y).



A.4 Amari—Cencov a-Connections

The a-connections are defined by:

]_"(04) ]_'1( )

ijk 2

where the skewness tensor T}, is:

Tiji = /p(a:‘@) 000k log p(x|6) dz
The curvature of the a-connection is:

(Ja)a 6A(a) 8 A +f be bA(Oé)c

APPENDIX B

Worked Examples in Entropic Geometry

B.1 Fisher—Rao Geometry of a Two-State System

Consider a binary distribution p = (p, 1 — p). The Fisher-Rao metric is:

1
9oy =
o p(1-p)
The line element is:
ds? = dp”
p(1—p)

The geodesic distance between p; and ps is:

d(p1,p2) = 2arCCOS<x/M+ \/(1 -p)(1 —P2)>-



This is the well-known Hellinger distance / Bhattacharyya angle already derived in the

standard formalism.

B.2 Fubini-Study Curvature of a Qubit
A qubit state can be written as:

) = cos(6/2) |0) + e sin(6/2) |1).

This is the standard Bloch sphere representation.

The Fubini-Study metric becomes:

1

ds? = = (d6* + sin® 0 dg?),

W |

which is the metric of a sphere of radius 1/2 [this is the classical metric on CP']. The scalar

curvature is:

B3 Holonomy of an a-Connection

For a closed loop «y in M, the holonomy is:

UL = Pexp ( f AWeaT, dei) ,
Y

where P denotes path ordering. This holonomy corresponds to a physical gauge phase in

ToE.



Scholium:

We must point this out here as elsewhere: in the above worked examples, ToE is original and
radical [and audacious] not because it invents new metrics, but because it reinterprets
Fisher-Rao, Fubini-Study, and a-connections as the three physical sectors of reality and
unifies them through a single entropic variational principle with radical physical

consequences.

What is Original in the Theory of Entropicity?

The originality of the Theory of Entropicity (ToE) does not lie in the classical mathemati-
cal objects it employs—such as the Fisher—Rao metric, the Fubini-Study metric, or the a-
connections. These structures are well established in information geometry, quantum geom-
etry, and statistical theory. Rather, the originality of ToE lies in the physical reinterpretation,
ontological elevation, and unification of these geometries into a single dynamical framework

governed by the Obidi Action.

ToE makes a fundamentally new claim: that the Fisher-Rao metric constitutes the geo-
metric sector of spacetime itself; that the Fubini—Study metric encodes the intrinsic curva-
ture associated with matter—energy; and that the dualistic a-connections provide the natural
geometric origin of gauge fields and internal symmetries. These three sectors—traditionally
treated as mathematically distinct—are shown to arise from a single underlying entropic

manifold M, whose geometry is not epistemic but ontological.

The Obidi Action is the central original contribution of the Theory of Entropicity
(ToE). It unifies the Fisher—-Rao, Fubini-Study, and a-connection geometries into a single
variational principle whose Euler-Lagrange equations yield the Einstein—Obidi field equa-
tions (EOFE), the entropic matter equations (EME), and the entropic gauge equations

(EGE). This establishes a coherent dynamical structure in which spacetime, matter, and in-



teractions emerge from the same entropic field, rather than being introduced as separate

postulates.

In this sense, the originality of ToE is philosophical, conceptual and structural: it pro-
vides a new ontological foundation for physics by treating entropy as the primitive field
from which spacetime, matter, and gauge interactions emerge. The mathematical objects
used in the construction are classical, but their physical meaning, role, and unification within
the Obidi Action are entirely new. This reinterpretation [and mathematical restructuring]
transforms information geometry from a descriptive framework into a fundamental physical

geometry, thereby offering a unified entropic foundation for the laws of nature.

APPENDIX C

Physical Limits of the Obidi Action

C.1 General Relativity Limit

When the Fubini-Study and gauge sectors vanish, the Obidi Action reduces to:

1 n
o [ @6\/lsl Blg

This is the Einstein—Hilbert action with gravitational constant G .

S —

C.2 Yang—Mills Limit

When g;; is fixed and h 45 is trivial, the action reduces to:

S——— Zﬁa/d"" \/Iglgz’“g Nav F, aFk(l ",



C.3 Quantum Mechanics as an Emergent Hilbert Chart

When the entropic manifold admits a complex structure compatible with h 45, the internal

dynamics reduce to Schrédinger evolution in an emergent Hilbert space.

APPENDIX D

Tables, Diagrams, and Conceptual Maps

DIAGRAM D.1 - THE ENTROPIC TRINITY

Fisher—Rao — Spacetime
Fubini-Study — Matter—Energy
a-Connections — Gauge Fields

Unified by the Obidi Action Principle

DIAGRAM D.2 - VARIATIONAL FLOW OF TOE

85/8g;; — Gravitational Sector
05 /6h ap — Matter Sector

5S/JA§O‘) — Gauge Sector
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V.2 Notation Index

This subsection collects the principal symbols used throughout the monograph. All indices

follow the conventions stated below unless explicitly indicated otherwise.
M — Entropic manifold (space of entropic configurations).
§? — Coordinates on M; spacetime-sector coordinates.
& — Underlying micro-configuration variable.
p(x|#) — Ontological probability distribution (entropic configuration).
S(z) — Entropic field.
gij — Fisher—Rao metric (spacetime sector).
hap — Fubini-Study metric (matter—energy sector).
V(@) — Amari-Cencov a-connection (gauge sector).
I' ju — Christoffel symbols of g;.
I‘ffk) — Christoftel symbols of the a-connection.
T} — Skewness tensor.

R’ ju, R;j, R — Riemann curvature, Ricci tensor, Ricci scalar.



K [h] — Scalar curvature of the Fubini-Study sector.
Aga)“ — Gauge potential.

Fz.(ja)“ — Gauge field strength.

f%be — Structure constants of the gauge algebra.

Nab — Invariant metric on the gauge algebra.

G; — Einstein tensor.

A;; — Non-minimal coupling tensor.

Ti(].mtal) — Total entropic stress—energy tensor.

¢4 — Internal fields.

E 4 — Euler—Lagrange expressions for internal fields.
J@i Entropic gauge current.

G — Entropic gravitational constant.

prs — Fubini-Study coupling constant.

ko — Gauge coupling constants.

Sobiai — Obidi Action functional.

Lys, Lgauges Lint — Lagrangian densities.



V3 Glossary of Core Concepts

Entropic Manifold (M) — The differentiable manifold whose points represent physically

realized entropic configurations of the universe.

Entropic Field (S(x)) — A scalar or tensorial field representing local entropic density or

configuration.

Fisher—Rao Metric (gij) — The unique information-geometric metric invariant under

Markov morphisms; reinterpreted as the spacetime metric in ToE.

Fubini-Study Metric (h 45) — The Kihler metric on projective Hilbert space; reinter-

preted as the matter—energy sector.

Amari—-Cencov o-Connections — A one-parameter family of affine connections com-

patible with g,;, reinterpreted as gauge connections.

Obidi Action Principle (OAP) — The unified variational principle governing the dy-

namics of the entropic manifold.

Generalized Einstein—Obidi Field Equation (GEOFE) — The gravitational field equa-
tion of ToE.

Entropic Matter Equations — Internal field equations governing the Fubini-Study

sector.
Entropic Gauge Equations — Gauge field equations generalizing Yang—-Mills theory.
Ontodynamics — The study of dynamical laws at the level of being itself.

Hilbert Space as Emergent Chart — The ToE view that Hilbert space is not fundamen-

tal but arises as a coordinate chart on certain sectors of the entropic manifold.
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