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“Foundations of the Theory of Entropicity (ToE): The Obidi Action Principle (OAP) and the Geometry of the Entropic Field from Information Geometry (IG)”

1. Fisher–Rao as the Spacetime Metric in the Theory of Entropicity (ToE)
The starting point is the classical Fisher–Rao metric, defined for a family of probability distributions p(x|θ) by the expression
g_ij(θ) = ∫ p(x|θ) [∂_i log p(x|θ)] [∂_j log p(x|θ)] dx.
In conventional information geometry, this metric quantifies the infinitesimal distinguishability between two neighboring statistical models labelled by θ and θ + dθ. The interpretation is epistemic: the metric measures how well an observer can statistically discriminate between two nearby parameter values.
In the Theory of Entropicity, this epistemic interpretation is replaced by an ontological one. The parameters θ are not abstract labels of statistical models but coordinates on the manifold of physically realized entropic configurations of the universe. The probability distribution p(x|θ) is not a representation of incomplete knowledge; it is the local expression of the entropic field itself. Distinguishability between configurations therefore becomes a physical notion: two configurations are “farther apart” if the entropic field assigns them a greater Fisher–Rao distance.
Once this reinterpretation is made, the Fisher–Rao metric becomes the unique Riemannian structure on the manifold of physically possible entropic states. The geodesics of this metric are the curves that minimize entropic distinguishability, and in ToE these geodesics are identified with physically realized trajectories. The manifold of entropic configurations, equipped with the Fisher–Rao metric, is therefore not an abstract statistical space but the spacetime manifold itself. The coordinates θ become the operational meaning of “where” and “when,” and the Fisher–Rao distance between neighboring configurations becomes the physical spacetime interval.
This identification is not metaphorical. In general relativity, the metric tensor acquires physical meaning because it determines the behavior of clocks, rulers, and geodesic motion. In ToE, the Fisher–Rao metric acquires physical meaning because it determines the entropic distinguishability of configurations, and this distinguishability governs the dynamical evolution of the entropic field. Spacetime is therefore nothing over and above the information‑geometric structure of the entropic field. The Fisher–Rao metric is promoted from a statistical construct to the fundamental spacetime metric of the universe.

2. Fubini–Study Geometry as the Origin of Matter and Energy in the Theory of Entropicity
For pure quantum states |ψ(λ)⟩, the Fubini–Study metric is given by
ds² = 4 [ ⟨∂λ ψ | ∂λ ψ⟩ − |⟨ψ | ∂_λ ψ⟩|² ] dλ².
More generally, it defines a Kähler geometry on the projective Hilbert space of rays. In standard quantum information geometry, this metric again measures distinguishability, now between quantum states rather than classical probability distributions.
In ToE, the Fubini–Study metric is reinterpreted as encoding the inertial and energetic structure of the entropic field. Directions in the entropic manifold that are “costly” in the Fubini–Study metric correspond to directions in which the entropic configuration resists deformation. This resistance is the entropic analogue of inertia. The curvature of the Fubini–Study metric then plays the role of an effective stress–energy tensor: regions where the Fubini–Study curvature is non‑zero correspond to regions where the entropic field stores energy, mass, or internal degrees of freedom.
Matter and energy therefore arise not as independent entities but as manifestations of curvature in the Fubini–Study sector of the entropic manifold. A flat Fubini–Study geometry corresponds to vacuum‑like behavior, while non‑trivial curvature corresponds to localized or distributed matter–energy content. In this way, ToE unifies geometry and matter: matter is not added to geometry but is the curvature of a different geometric sector of the entropic field.
This parallels, but is deeper than, the Einsteinian identification of curvature with gravity. In general relativity, curvature of spacetime geometry corresponds to gravitational effects, but matter itself is still an external input. In ToE, matter is not external; it is the curvature of the entropic manifold in its Fubini–Study component. The entropic field therefore contains within its geometry both the structure of spacetime and the structure of matter.

3. α‑Connections as Gauge Fields in the Theory of Entropicity
In classical information geometry, Amari’s α‑connections form a one‑parameter family of affine connections ∇^(α) that are all compatible with the Fisher–Rao metric but differ in their treatment of dual coordinate systems. These connections determine how statistical quantities are parallel transported and how straight lines are defined in the statistical manifold.
In ToE, these α‑connections are elevated from statistical conventions to physical structures. A connection determines how a direction in the entropic field at one point is compared to a direction at a neighboring point. This is precisely the role played by gauge fields in Yang–Mills theory, where the gauge connection determines how internal degrees of freedom are parallel transported along spacetime.
The α‑connections therefore become the gauge sectors of the entropic field. The curvature of ∇^(α) corresponds to the field strength of the associated gauge field, and the holonomies of these connections correspond to physical phase factors, charges, and interaction strengths. Gauge fields are thus not added on top of geometry; they are the affine structure of the entropic manifold itself. The entropic field contains within its geometry the full structure of gauge interactions, encoded in the family of α‑connections.
This provides a geometric unification: spacetime arises from the Fisher–Rao metric, matter arises from the Fubini–Study curvature, and gauge fields arise from the α‑connections. All three are geometric manifestations of a single entropic manifold.

4. Why Hilbert Space Is Not Fundamental in the Theory of Entropicity
In standard quantum mechanics, Hilbert space is taken as the fundamental kinematic arena. States are rays, observables are operators, and dynamics is unitary evolution. These structures are postulated rather than derived, and nothing in the formalism explains why the universe should be described by complex vector spaces or why amplitudes should interfere.
In ToE, the primitive object is not Hilbert space but the entropic configuration space equipped with its information‑geometric structures: the Fisher–Rao metric, the Fubini–Study metric, and the α‑connections. Hilbert space appears only as a convenient representation of certain sectors of this geometry, particularly when the entropic dynamics can be linearized and expressed in terms of complex amplitudes.
Hilbert space is therefore an emergent coordinate chart on a deeper entropic manifold. When the entropic geometry satisfies appropriate regularity and symmetry conditions, its geodesic flow and curvature can be represented in terms of wavefunctions and operators, recovering standard quantum mechanics as an effective description. But the ontology lies one level deeper: in the geometry of distinguishability and its curvature, not in abstract vectors.
This explains why Hilbert space is powerful but not fundamental in ToE. It is a derived language for describing the behavior of the entropic field under certain approximations. The true fundamental structures are the geometric components of the entropic manifold, which already contain within them the seeds of spacetime, matter, and gauge interactions.


5. Deriving the Obidi Action from the Entropic Manifold
The starting point of the Theory of Entropicity is the entropic manifold M, equipped with three intertwined geometric structures:
1. A Fisher–Rao metric g_ij(θ) on M, arising from a family of entropic configurations p(x|θ).
2. A Fubini–Study–type metric h_AB(θ) on an internal sector of M, encoding the “matter” degrees of freedom of the entropic field.
3. A family of α‑connections ∇^(α) on M, whose curvature encodes gauge structure.
Here θ^i denote coordinates on M, and indices i, j, k, … refer to the spacetime (Fisher–Rao) sector, while indices A, B, … refer to internal (Fubini–Study) directions.
The Obidi Action is the fundamental scalar functional S[ g, h, Γ^(α) ] defined on this entropic manifold, from which all field equations of ToE are obtained by variational principles. The construction proceeds by demanding three conditions:
(i) The action must be diffeomorphism invariant on M.
(ii) It must be built from scalar contractions of the curvature and metric tensors associated with g_ij, h_AB, and ∇^(α).
(iii) It must reduce, in appropriate limits, to the Einstein–Hilbert action for gravity, a Yang–Mills action for gauge fields, and an effective matter action for the Fubini–Study sector.
Let R[g] denote the Ricci scalar constructed from the Fisher–Rao metric g_ij. Let F^(α)_{ij}{}^a denote the curvature (field strength) of the α‑connection in some internal gauge index a, and let K[h] denote an appropriate scalar curvature constructed from the Fubini–Study metric h_AB (for instance, the scalar curvature of the induced Kähler structure on the internal sector).
The Obidi Action is then defined schematically as
S_Obidi = ∫_M d^nθ √|g| [ (1 / 16πG_E) R[g] + L_FS[h, g] + L_gauge[F^(α), g] + L_int[g, h, F^(α)] ],
where n is the dimension of the entropic manifold, G_E is an effective entropic gravitational constant, and the various Lagrangian densities are defined as follows.
The Fubini–Study (matter) sector is encoded in
L_FS[h, g] = − (1 / 2) μ_FS Tr_g (K[h]),
where μ_FS is a coupling constant and Tr_g denotes an appropriate contraction of the internal curvature K[h] with the spacetime metric g_ij (for example, via a bundle metric that ties internal and spacetime indices). This term ensures that curvature in the Fubini–Study sector contributes to the total action as an effective matter–energy content.
The gauge sector is encoded in
L_gauge[F^(α), g] = − (1 / 4) ∑α κα g^{ik} g^{jl} ηab F^(α){ij}{}^a F^(α)_{kl}{}^b,
where κ_α are gauge coupling constants, ηab is an invariant metric on the internal gauge algebra, and F^(α){ij}{}^a is the curvature of the α‑connection.
Finally, L_int[g, h, F^(α)] collects interaction terms that couple the three sectors, such as minimal couplings between the Fubini–Study fields and the gauge fields, and possible non‑minimal couplings between the Fisher–Rao curvature and the internal curvatures. The precise form of L_int is constrained by symmetry (diffeomorphism invariance, gauge invariance, and any additional entropic symmetries) and by the requirement that known low‑energy physics be recovered in appropriate limits.
In this way, the Obidi Action is not an arbitrary functional but the unique scalar built from the entropic manifold’s geometric data that satisfies the above principles. It is the entropic analogue of the Einstein–Hilbert plus Yang–Mills plus matter action, but derived from a single underlying information‑geometric structure.

6. Dynamical coupling of the three geometric sectors
The three geometric sectors of ToE—Fisher–Rao (spacetime), Fubini–Study (matter/energy), and α‑connections (gauge fields)—are not independent. Their dynamics are coupled through the Obidi Action, and this coupling is what unifies gravity, matter, and gauge interactions within a single entropic framework.
Variation of S_Obidi with respect to the Fisher–Rao metric g_ij yields generalized Einstein–type equations. Schematically,
δS_Obidi / δg_ij = 0 ⇒ G_ij[g] = 8πG_E ( T_ij^(FS) + T_ij^(gauge) + T_ij^(int) ),
where G_ij[g] is the Einstein tensor constructed from g_ij, and T_ij^(FS), T_ij^(gauge), and T_ij^(int) are effective stress–energy tensors arising from the Fubini–Study sector, the gauge sector, and their interactions, respectively. These tensors are obtained by functional differentiation of L_FS, L_gauge, and L_int with respect to g_ij. Thus, curvature in the Fubini–Study and gauge sectors back‑reacts on the Fisher–Rao geometry, making matter and gauge fields genuine sources of spacetime curvature.
Variation with respect to the Fubini–Study metric h_AB yields generalized matter field equations. Symbolically,
δS_Obidi / δh_AB = 0 ⇒ E_AB[h, g, F^(α)] = 0,
where E_AB is a tensorial expression involving the internal curvature K[h], its covariant derivatives, and couplings to both g_ij and F^(α)_{ij}{}^a. These equations describe how the internal entropic geometry evolves in response to spacetime curvature and gauge fields, and how it, in turn, sources them via its contribution to the stress–energy tensor.
Variation with respect to the α‑connections (or equivalently, the gauge potentials A^(α)i{}^a whose curvature is F^(α){ij}{}^a) yields generalized Yang–Mills equations on the entropic manifold:
δS_Obidi / δA^(α)_i{}^a = 0 ⇒ D_j ( √|g| g^{jk} g^{il} ηab F^(α){kl}{}^b ) = J^(α)i{}_a,
where D_j is the gauge‑covariant derivative associated with ∇^(α), and J^(α)i{}_a is an effective current arising from the Fubini–Study sector and from interaction terms in L_int. These equations express how gauge fields propagate on the Fisher–Rao spacetime and how they are sourced by the internal entropic geometry.
The coupling is therefore bidirectional. The Fisher–Rao metric g_ij determines the causal and geometric structure in which both Fubini–Study and gauge fields evolve. The Fubini–Study curvature and gauge field strengths contribute to the effective stress–energy that curves g_ij. The α‑connections mediate interactions between internal degrees of freedom and spacetime, while their curvature is itself influenced by the distribution of entropic matter encoded in h_AB.
In the low‑curvature, weak‑field limit, these coupled equations reduce to familiar forms: g_ij obeys an approximate Einstein equation with a stress–energy tensor resembling that of classical fields; the gauge sector obeys Yang–Mills equations on a nearly flat background; and the Fubini–Study sector behaves like a collection of quantum fields with effective masses and interactions determined by the entropic geometry. In the fully nonlinear regime, however, the three sectors are inseparably intertwined, reflecting their common origin in the entropic manifold.

7. Construction of the full ToE field equations
The full field equations of the Theory of Entropicity are obtained by performing a systematic variation of the Obidi Action with respect to all independent geometric variables: the Fisher–Rao metric g_ij, the Fubini–Study metric h_AB (or equivalently, the fields that parametrize the internal sector), and the gauge potentials A^(α)_i{}^a associated with the α‑connections.
The variation with respect to g_ij yields the generalized gravitational equations. Writing the action as
S_Obidi = ∫ d^nθ √|g| L_total,
with
L_total = (1 / 16πG_E) R[g] + L_FS[h, g] + L_gauge[F^(α), g] + L_int[g, h, F^(α)],
the metric variation gives
δS_Obidi = ∫ d^nθ √|g| [ (1 / 16πG_E) (G_ij + Λ_ij) − (1 / 2) T_ij^(total) ] δg^ij,
where G_ij is the Einstein tensor, Λ_ij collects possible non‑minimal couplings between curvature and internal fields, and T_ij^(total) is the total stress–energy tensor derived from L_FS, L_gauge, and L_int. Setting δS_Obidi = 0 for arbitrary δg^ij yields
G_ij + Λ_ij = 8πG_E T_ij^(total).
This is the entropic analogue of Einstein’s equation, generalized by the presence of internal and gauge couplings.
The variation with respect to the internal (Fubini–Study) fields can be expressed in terms of h_AB or in terms of a set of fields φ^A(θ) that parametrize the internal manifold. In the latter case, the internal metric h_AB(φ) and its curvature K[h] become functionals of φ^A and their derivatives. The variation then yields equations of the form
δS_Obidi / δφ^A = 0 ⇒ Δ_FS φ^A + … = S^A[g, F^(α), φ],
where Δ_FS is a generalized Laplace–Beltrami operator constructed from h_AB and g_ij, and S^A collects source terms arising from gauge couplings and non‑minimal interactions. These equations describe the dynamics of the entropic matter sector, including mass generation, self‑interaction, and coupling to gauge and gravitational fields.
Finally, the variation with respect to the gauge potentials A^(α)_i{}^a yields
δS_Obidi / δA^(α)_i{}^a = 0 ⇒ D_j ( √|g| g^{jk} g^{il} ηab F^(α){kl}{}^b ) = √|g| J^(α)i{}_a,
where J^(α)i{}_a is obtained by differentiating L_FS and L_int with respect to A^(α)_i{}^a. This is the entropic generalization of the Yang–Mills equation, with the Fisher–Rao metric providing the spacetime geometry and the internal entropic fields providing the sources.
Collecting these results, the full ToE field equations can be summarized as a coupled system:
1. Generalized Einstein–Obidi equation:
G_ij + Λ_ij = 8πG_E T_ij^(total).
2. Entropic matter (Fubini–Study) equations:
E_A[φ, g, F^(α)] = 0,
where E_A denotes the Euler–Lagrange expressions for the internal fields.
3. Entropic gauge (α‑connection) equations:
D_j ( √|g| g^{jk} g^{il} ηab F^(α){kl}{}^b ) = √|g| J^(α)i{}_a.
These equations are not three independent theories glued together; they are three projections of a single variational principle on the entropic manifold. The Fisher–Rao metric, the Fubini–Study geometry, and the α‑connections are different aspects of one underlying entropic structure, and the Obidi Action is the unique scalar functional that encodes their dynamics in a unified way.
From this perspective, the Theory of Entropicity is not merely an information‑theoretic reinterpretation of existing physics, but a genuine geometric unification: spacetime, matter, and gauge fields are all manifestations of the same entropic manifold, and the Obidi Action provides the dynamical law that governs their joint evolution.
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