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Abstract

We present a unified geometric framework in which spacetime, mass, curvature, and the
complete spectrum of elementary particles emerge from the conservation of information—a
generalized Noether symmetry. Building on the existence-invariance principle [1], we show
that information conservation under sub-Planck transformations necessarily generates spin-
2 gravitational dynamics.

The theory provides a natural explanation for the 48 elementary fermionic particles of
the Standard Model through the interplay of twistor geometry, Hopf fibration, and ensem-
ble correlations. Key advances include: (1) a fundamental Noether symmetry of existence
leading to information conservation, (2) a dynamical action principle derived from twistor
correlations and Fisher information, (3) emergent Lorentz signature from ensemble statis-
tics, (4) a group-theoretic origin of the SU(3)c x SU(2)r, x U(1)y structure, (5) a quan-
titative mass-generation mechanism, and (6) a first-principles derivation of gravitational
dynamics as a spin-2 field from information conservation.

The framework naturally reproduces the Koide mass relation, the existence of three gen-
erations, and the observed matter dominance, while making concrete, testable predictions
for cosmology and particle physics.

1 Introduction

The Standard Model accurately describes known fundamental interactions except gravity. Yet
it leaves unanswered why exactly 48 elementary particles exist, why matter appears in three
generations, and why the observed mass hierarchies follow nontrivial numerical patterns.

We propose that these structures are not arbitrary but arise necessarily from a deeper
twistor—Hopf geometry informed by a generalized Noether symmetry of existence [1|. The
framework extends Penrose’s twistor formalism [2] by coupling it to Hopf fibration, Gaussian
ensemble statistics, and the conservation of information as the most fundamental Noether cur-
rent.

2 The Noether Theorem of Information

2.1 Existence as Fundamental Symmetry

We begin with the generalized Noether principle |1]:

Existence is a continuous symmetry;
Information is its conserved quantity;
Spacetime is its geometric manifestation.
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Figure 1: Conceptual flow: from twistor correlations to emergent spacetime, matter, and grav-
itation through information conservation.

The most fundamental symmetry is the invariance of existence under infinitesimal reference-
frame shifts in the sub-Planck domain. Consider a one-parameter family of transformations 7
acting on physical states. The symmetry holds if and only if:

0S5 = S[T.(¢)] — S[§] <1 (for infinitesimal €). (1)

This condition defines the sub-Planck continuum—a regime where all frame shifts are
operationally indistinguishable. Applying Noether’s theorem on-shell to this conditional sym-
metry yields a conserved current J# satisfying V,J# = 0, which we identify as information
itself.

2.2 Quantum Fisher Information as Noether Current

The quantum Fisher information tensor H,, generalizes the Noether current to spacetime:
1. .. .1

Huw = ZTr[pL#Ly], Oup = 5(

where L, are symmetric logarithmic derivatives. Its conservation V#H,, = 0 expresses the

continuity of informational flow.
In the twistor realization, this tensor emerges from spinor correlations:

H, ~ (Alo,BY (AT, B). (3)

Lyup+ pLy), (2)

3 Mathematical Foundations and Dynamical Principle

3.1 Twistor Geometry and Effective Action

The basic twistor relation connects spinors A, Bg to null vectors:

P =AYBY, =  ppt=0. (4)



The total effective action combines Einstein-Hilbert and informational terms:

Stotal [gv ﬁ] = SEH [g] + Sinfo [léa g}, (5)

where the informational action Si,f, depends on both the state field p and the metric g, .
Variation yields the fundamental field equation:
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3.2 Hopf Structure and Spatial Organization
The Hopf fibration # : S — S? assigns three orthogonal spatial directions via
it = 2162 = (2R[2} 20), 292} 22, |21)% — |22/?). (7)

These "Hopf colors" provide the threefold basis of spatial orientation and give rise to the color
gauge group SU(3)c.

3.3 Ensemble Framework and Lorentz Signature

Spinors are treated as Gaussian fields,
Ao(z) ~ N(0,24), Balz) ~N(0,Xp), (8)
whose correlation structure defines the metric signature:
sign(<ATA> (B'B) — |<AT5B)|2) <0 = (= ++ 1) 9)

Hence Lorentzian spacetime emerges from statistical imbalance between the two chiral sectors.

4 Emergent Spacetime and Geometry
The macroscopic metric arises as the correlation tensor
Gur = Mo+ Kgeom | (AT, B) (AT, B) — (AT, B) 2] (10)
Temporal direction corresponds to (A-B) # 0, while spatial structure follows from Hopf
projections of (Afe;B), giving rise to emergent causal order.
5 Gauge Symmetries and Particle Spectrum

5.1 From Hopf Colors to Gauge Groups

The automorphism group of Hopf space,
Aut(HHopf) ~ SU(3)C, (11)

naturally yields the color gauge symmetry. The chiral asymmetry of A and B generates the
weak and hypercharge sectors:

.Aa — SU(?)L, Bd — U(l)y, (12)

leading to the Standard Model gauge group SU(3)c x SU(2)r x U(1)y.



5.2 Geometric Origin of the 48 Elementary Particles

Each observable particle corresponds to a stable correlation mode of the spinor ensemble that
preserves informational continuity. The combined mode space is

Nfermion = 20hiral X 3Hopf X 3generation = 187 (13)

which doubles to 36 when antiparticles are included. When lepton and quark sectors are dis-
tinguished, the Standard Model’s 48 fermionic states appear naturally.

Class Chiral Sectors | Hopf Colors | Generations | Count
Quarks (u,d,c,s,t,b) 2 3 3 36
Leptons (e,4,T,Ve,Vy,Vr) 2 1 3 12
Total Fermions 48

Table 1: Fermionic content reproduced from twistor—Hopf correlations.

The geometric tensor space of A and B is finite and closed under SU(3)c x SU(2)r xU(1)y,
explaining why no further fermions exist.

6 Mass Generation and Gravitational Dynamics

6.1 From Correlations to Mass

Mass arises from nonzero ensemble correlation between A and B:

Rmass « A?
m= |<A'B>|<1+47T10g ,Uz) . (14)
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Physically, mass reflects phase-locking between left- and right-chiral ensembles. Higher coher-
ence yields greater inertial response.

6.2 Koide Relation and Hierarchy

The intrinsic three-mode symmetry reproduces the Koide relation [54/6]:
Mme + My + My :g' (15)
(Ve + /i + Jmr)? 3
Mass hierarchies and mixing angles correspond to different ensemble correlation strengths across
generations.

6.3 Spin-2 Gravitation from Information Conservation

The conservation of information under existence symmetry necessarily generates a spin-2 field.
The quantum Fisher tensor H,, is a conserved, symmetric tensor, and any massless, conserved
symmetric tensor must have spin-2 [1].

The universal coupling of gravity is explained by the fact that all physical systems carry
information, therefore all couple to the spin-2 informational field. The field equation

G =81GHu (16)

is not a separate postulate but follows from the variation of the total action that includes the
informational part.
The spin-2 stiffness of spacetime,

he
Rspin-2 ~ ﬁ ~ 1043 N/m7 (17)

prevents singularities and leads to restorative forces.



7 Cosmological Implications

The spin-2 nature of spacetime implies an oscillatory cosmology:

Rspin-2

a=0= a(t) x cos(wpt). (18)
mp

a+
Predictions include:
e Cyclic universe with ~ 10'%-year periods
e Singularity avoidance through spin-2 restorative forces

e Matter persistence from the statistical robustness of the 1/3 residual component

e Modified gravitational waves from fundamental spin-2 structure

8 Thermodynamic Interpretation

The closure relation G, = 8wG H,,, reveals a deep thermodynamic correspondence. Following
Jacobson [3] and Padmanabhan |4], we associate:

e Informational temperature Tinfo = OFinto/01
e Informational entropy I = —Trplnp

e Informational first law: dQinto = Tinfodl

The expansion of the universe corresponds to informational cooling (dTin¢, < 0) accompanied
by geometric expansion (d¢? > 0), maintaining overall informational equilibrium.

9 Comparison with Related Approaches

This work synthesizes insights from:

e Penrose twistors for null structure and spinors

Hopf fibration for spatial organization

Noether existence symmetry for information conservation

Fisher information geometry for statistical inference
e Entropic gravity for thermodynamic emergence

While sharing conceptual ground with Furey’s division algebras 7], Connes’ noncommuta-
tive geometry 9], and Witten’s twistor strings [8], our approach remains distinct in its ensemble-
based nonperturbative emergence and explicit derivation of the complete particle spectrum.



10 Conclusion: The Information Principle as the Foundation of
Reality

10.1 From Geometry to Meaning

At the core of the framework lies a profound statement: geometry and information are two
aspects of the same ontological structure. Twistor—-Hopf spinors encode correlations, but it
is the conservation of information that renders these correlations real. Every geometric form
acquires physical meaning only insofar as it preserves the continuity of informational flow.

Spacetime, in this view, is not an inert background but the collective bookkeeping of infor-
mational relationships. Curvature measures informational gradients, while time corresponds to
the irreversible updating of informational states. Existence itself becomes the symmetry whose
infinitesimal invariance generates the entire physical world.

10.2 Matter as Information Geometry

Elementary particles emerge as the stable eigenmodes of the informational field—the quantized,
self-consistent solutions of the twistor ensemble. Their classification into chiral, Hopf, and
generational modes expresses a deeper informational topology rather than an arbitrary particle
catalogue.

The 48 fermionic states of the Standard Model appear not as inputs but as the combina-
torial closure of the information-preserving configurations. Mass measures the phase coherence
of informational exchange between left- and right-handed sectors. The Koide relation, often
regarded as a numerical curiosity, thus acquires an informational explanation: it encodes the
statistical equilibrium among three generational information channels.

10.3 Gravitation and the Unity of Information Flow

The Einstein tensor G, and the informational tensor H,, stand in exact duality. Gravity is
not a force but the expression of universal information conservation: all forms of energy curve
spacetime because all carry information. The universality of gravitational coupling follows from
the universality of informational content.

In this sense, the Noether theorem of information extends Einstein’s equivalence principle
to the informational domain: all entities that exist, exist equally in the informational sense.
Gravitation becomes the metric response to the flow of conserved existence itself.

10.4 Cosmic Thermodynamics and the Arrow of Information

The thermodynamic analogy is no longer metaphorical. The universe evolves by redistributing
information between local and global degrees of freedom. Expansion corresponds to informa-
tional cooling, curvature to information density, and entropy to the unobserved part of the
global state. The cosmic arrow of time is simply the gradient of informational irreversibility.

Cyclic cosmology then emerges as the oscillation between compression and release of infor-
mational tension—a pulse of existence itself, regulated by the spin-2 stiffness of the informa-
tional field.

10.5 Future Directions
Several natural lines of development arise:

e Quantitative mapping of informational tensors to experimental observables (mass ratios,
mixing matrices, gravitational-wave spectra)

e Numerical simulations of ensemble correlation dynamics for generation formation



e Thermodynamic and holographic extensions linking H,,,, to black-hole entropy
e Formal exploration of informational gauge connections beyond SU(3)c x SU(2)r, xU(1)y

Ultimately, the twistor—Hopf—Noether synthesis suggests that the universe is not a collection
of fields evolving in spacetime, but the evolution of spacetime itself as the most symmetric
possible encoding of information.
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