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Abstract 
We present a quantum gravitational framework based on a non-associative operator algebra constructed over the 
sedenion extension of the standard field theory. In this approach, associators — trilinear algebraic structures — generate 
curvature-like and mass-generating terms without introducing new fields or particles. We show that the operator 
associator naturally produces Yukawa-type corrections to the Newtonian potential, which lead to flattened galactic 
rotation curves and enhanced lensing effects without the need for dark matter. Simultaneously, the same algebraic 
mechanism gives rise to an effective repulsive component at cosmological scales, accounting for late-time acceleration 
without invoking a cosmological constant. This unified algebraic origin of dark energy and galaxy-scale gravitational 
anomalies suggests a new non-perturbative path toward quantum gravity, grounded in operator dynamics rather than 
geometric curvature alone.

Introduction 
In recent decades, a broad range of astrophysical observations has highlighted persistent discrepancies between the 
gravity inferred from luminous matter and the gravity required to explain dynamics and geometry. The most familiar 
examples include the near-flat rotation curves of spiral galaxies, gravitational lensing strengths in clusters, and the 
late-time accelerated expansion inferred from distance–redshift observations [1-3]. Within the standard cosmological 
framework, these phenomena are explained by introducing two additional components—cold dark matter and dark 
energy —forming the successful ΛCDM paradigm [3-5]. Nevertheless, the fundamental nature of these components 
remains unknown, and their interpretation relies primarily on gravitational inference rather than direct detection. 
This motivates continued exploration of alternative frameworks in which “dark-sector” behavior emerges from deeper 
structure in the gravitational theory itself [6].

This paper introduces a non-associative operator-based approach to quantum gravity and cosmology in which the key 
physical ingredient is non-associativity rather than additional matter fields [7,8]. The framework is constructed on 

• a discrete lattice spacetime equipped with a microcausality constraint, and 
• a sedenion-valued operator algebra that generalizes associative number systems [9-11]. Using a pair of complex 
numbers, one can construct 4D quaternions, then using a pair of quaternions to construct 8D octonions, then using a 
pair of octonions to construct 16D sedenions, layer upon layer via the Cayley-Dickson scheme [12-15]. The gravitational 
degrees of freedom are represented by operator fields expanded on a 16-dimensional sedenion basis. Because sedenion 
multiplication is non-associative, triple products depend on ordering and naturally generate a nonzero associator, which 
becomes an intrinsic geometric–algebraic source term [16].

In the standard ΛCDM framework, the observed large-scale homogeneity of the Universe is typically explained via a 
phase of superluminal inflation in the first fractions of a second after the Big Bang. While successful phenomenologically, 
this mechanism introduces its own fine-tuning and initial condition problems. In contrast, the present model suggests 
that long-range homogeneity can arise naturally through quantum entanglement embedded in the non-associative 
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operator structure of the early universe. Since the sedenionic framework encodes internal symmetries and non-local 
connections across field components, it provides a non-perturbative channel through which early entangled correlations 
can propagate across spacelike hypersurfaces, effectively seeding homogeneity without the need for inflation. This 
offers an alternative paradigm rooted in operator-based quantum gravity.

Central to our framework is the idea that the associator acts as an effective dynamical quantity that can modify the 
large-scale behavior of gravity without introducing new particles. In the continuum-like limit of the lattice field equations, 
associator contributions lead to an effective “mass-like” term in the linearized operator equation, producing a Yukawa-
type modulation of the long-range potential [17]. This yields a natural separation into regimes: 
• a near-Newtonian domain at small distances where the Yukawa correction is negligible, 
• an intermediate domain where the correction can enhance the effective attraction and flatten rotation curves, and 
• a large-scale domain where the same operator structure can contribute repulsive behavior that mimics cosmic 
acceleration. In this interpretation, phenomena often attributed to dark matter and dark energy can arise from a unified, 
non-associative gravitational mechanism.

The goal of this work is therefore twofold: first, to present a clear operator-algebraic construction of gravity based on 
sedenions under a microcausal lattice formulation; and second, to derive the corresponding effective field equations 
and potentials that connect this non-associative structure to testable astrophysical consequences. The model leads 
to concrete observational touchpoints—galaxy rotation profiles, lensing behavior, cluster virial relations, and cosmic 
expansion signatures—where it can be compared against ΛCDM and against modified-gravity phenomenology, such as 
MOND (Modified Newtonian Dynamics) in a falsifiable way [18].

The paper is organized as follows. Section 2 introduces the sedenion op, such as sedenionic operator algebra and 
the microcausal lattice framework. Section 3 derives the action principle and field equations, emphasizing the role of 
associators. Section 4 develops the emergent Yukawa-modified potential and its astrophysical implications. Section 
5 discusses observational tests and fit strategies for rotation curves, lensing, and virial scalings. Section 6 addresses 
consistency requirements, cosmological implications, and outlook.

Operator Algebra and Micro Causality 
The foundation of our operator-based quantum gravity framework lies in the use of sedenionic algebra to define 
the dynamics of both spacetime and internal symmetries. Unlike conventional associative algebras, the sedenions 
form a non-associative, non-division algebra that naturally extends the octonions and allows for a 16-dimensional 
representation. We formulate the theory on a 4D hypercubic lattice with spacing ε. A lattice site is labeled by x = (x⁰, 
x¹, x², x³) = ε (n⁰, n¹, n², n³), with integers nμ.

To avoid index collisions, we use two distinct index sets:
• Spacetime Indices: μ, ν, ρ ∈ {0,1,2,3}, raised/lowered by the Minkowski metric
ημν = diag(+1, −1, −1, −1).

• Sedenion Basis Indices: A, B, C ∈ {0,1,…,15}, labeling the 16 basis elements EA.

Sedenion Algebra
Sedenion algebra arises from the Cayley–Dickson extension, building sequentially on quaternions and octonions to 
form a 16-dimensional hypercomplex system. Distinct from its predecessors, the sedenion structure lacks the division 
property due to the presence of zero divisors, introducing novel algebraic phenomena. This breakdown of invertibility, 
combined with intrinsic non-associativity, enables sedenions to encode complex geometric and interactional features, 
particularly suited to modeling non-perturbative dynamics and internal symmetries in quantum gravity.
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Figure 1. Multiplication table of the 16 basis elements of the sedenion algebra. This color-coded 

diagram reveals five mutually anti-commutative sets of spinor triplets that structure the non-

associative multiplication rules. Embedded within the table are the full multiplication structures 

of the complex numbers (2D), quaternions (4D), and octonions (8D), preserved as subalgebras. 

Notably, the sedenion system contains three distinct octonionic subalgebras, all sharing the same 

quaternionic core              . These three octonion sets are interpreted as encoding the 

internal algebraic structure of the three generations of leptons, quarks, and gluons in the 

Standard Model. 

 

Figure 1: Illustrates the Hierarchical Cayley–Dickson Construction, Tracing the Progression from Complex 
Numbers to Quaternions to Octonions, and Ultimately to the full 16-Dimensional Sedenion System, within 
Which all Lower Algebras are Naturally Embedded.

Figure 1. Multiplication table of the 16 basis elements of the sedenion algebra. This color-coded diagram reveals five 
mutually anti-commutative sets of spinor triplets that structure the non-associative multiplication rules. Embedded 
within the table are the full multiplication structures of the complex numbers (2D), quaternions (4D), and octonions 
(8D), preserved as subalgebras. Notably, the sedenion system contains three distinct octonionic subalgebras, all sharing 
the same quaternionic core {ε0,ε1,ε2,ε3 }. These three octonion sets are interpreted as encoding the internal algebraic 
structure of the three generations of leptons, quarks, and gluons in the Standard Model.

The sedenion algebra contains five color-coded domains of cyclic spinor triplets. The set Γ=(e1,e2,e3)represents the three 
external spatial axes in Minkowski space. In contrast, the internal sets U=(e5,e6,e7), V=(e9,e10,e11), and W=(e13,e14,e15)
define three internal spatial axes, each composed of spinor triplets rather than scalar components. A fourth internal set, 
the pseudo-temporal triplet Θ=(e4,e8,e12), contributes to intrinsic fermion properties.

Together, the four internal spinor sets provide 12 internal degrees of freedom, corresponding to the 12 elementary 
fermions (leptons and quarks). The triplets U, V, and W encode the three fermion generations, while Θis associated 
with intrinsic mass-energy, color-charge swapping, and T/CP symmetry violation. The cyclic structure of Θalso underlies 
neutrino mass and flavor oscillations.
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strengths and connection curvature in gauge theories.
We postulate that physical interactions emerge from the behavior of these associators under dynamical evolution.
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encodes local geometric curvature due to operator entanglement and is a source term in the 

gravitational field equations. 

2.5 Sedenion basis, product, and conjugation 

Let {EA} be a fixed real basis of the 16-dimensional sedenion algebra. The identity element is E0 

= 1, and the remaining 15 basis elements {Ea} with a = 1, …, 15 are imaginary directions. 

Multiplication in this basis is encoded by structure constants C_AB^C through the expansion 

EA EB = CAB
0 E0 + CAB

1 E1 + … + CAB
15 E15.         

 (8) 

Equivalently, EA EB is a linear combination of the basis elements EC, with coefficients CAB
C. 

Sedenions are non-commutative and non-associative; therefore, in general, 

(EA EB) EC   EA (EB EC).         

 (9) 

We also introduce an involution (“conjugation”) on the basis elements by 

conjugate(E0) = E0,             (10) 

conjugate (Ea) = −Ea for a = 1, …, 15.       (11) 

This is extended linearly to any sedenion S written in components as 

S = s0 E0 + s1 E1 + … + s15 E15,           (12) 

so that 

conjugate(S) = s0 E0 − s1 E1 − … − s15 E15.         (13) 

Because the sedenion algebra is not a division algebra and contains zero divisors, we do not rely 

on multiplicative inverses. Instead, we use only well-defined algebraic operations (addition, 

multiplication, conjugation) plus operator products on the Hilbert space. 

2.6 Associator and the non-associative order parameter 

                                                                 

Similarly, the triple associator on the lattice: 

                                        (7) 

encodes local geometric curvature due to operator entanglement and is a source term in the 

gravitational field equations. 

2.5 Sedenion basis, product, and conjugation 

Let {EA} be a fixed real basis of the 16-dimensional sedenion algebra. The identity element is E0 

= 1, and the remaining 15 basis elements {Ea} with a = 1, …, 15 are imaginary directions. 

Multiplication in this basis is encoded by structure constants C_AB^C through the expansion 

EA EB = CAB
0 E0 + CAB

1 E1 + … + CAB
15 E15.         

 (8) 

Equivalently, EA EB is a linear combination of the basis elements EC, with coefficients CAB
C. 

Sedenions are non-commutative and non-associative; therefore, in general, 

(EA EB) EC   EA (EB EC).         

 (9) 

We also introduce an involution (“conjugation”) on the basis elements by 

conjugate(E0) = E0,             (10) 

conjugate (Ea) = −Ea for a = 1, …, 15.       (11) 

This is extended linearly to any sedenion S written in components as 

S = s0 E0 + s1 E1 + … + s15 E15,           (12) 

so that 

conjugate(S) = s0 E0 − s1 E1 − … − s15 E15.         (13) 

Because the sedenion algebra is not a division algebra and contains zero divisors, we do not rely 

on multiplicative inverses. Instead, we use only well-defined algebraic operations (addition, 

multiplication, conjugation) plus operator products on the Hilbert space. 

2.6 Associator and the non-associative order parameter 

encodes local geometric curvature due to operator entanglement and is a source term in the gravitational field equations.

Sedenion Basis, Product, And Conjugation
Let {EA} be a fixed real basis of the 16-dimensional sedenion algebra. The identity element is E0 = 1, and the remaining 
15 basis elements {Ea} with a = 1, …, 15 are imaginary directions. Multiplication in this basis is encoded by structure 
constants C_AB^C through the expansion

                                      

Similarly, the triple associator on the lattice: 

                                        (7) 

encodes local geometric curvature due to operator entanglement and is a source term in the 

gravitational field equations. 

2.5 Sedenion basis, product, and conjugation 

Let {EA} be a fixed real basis of the 16-dimensional sedenion algebra. The identity element is E0 

= 1, and the remaining 15 basis elements {Ea} with a = 1, …, 15 are imaginary directions. 

Multiplication in this basis is encoded by structure constants C_AB^C through the expansion 

EA EB = CAB
0 E0 + CAB

1 E1 + … + CAB
15 E15.         

 (8) 

Equivalently, EA EB is a linear combination of the basis elements EC, with coefficients CAB
C. 

Sedenions are non-commutative and non-associative; therefore, in general, 

(EA EB) EC   EA (EB EC).         

 (9) 

We also introduce an involution (“conjugation”) on the basis elements by 

conjugate(E0) = E0,             (10) 

conjugate (Ea) = −Ea for a = 1, …, 15.       (11) 

This is extended linearly to any sedenion S written in components as 

S = s0 E0 + s1 E1 + … + s15 E15,           (12) 

so that 

conjugate(S) = s0 E0 − s1 E1 − … − s15 E15.         (13) 

Because the sedenion algebra is not a division algebra and contains zero divisors, we do not rely 

on multiplicative inverses. Instead, we use only well-defined algebraic operations (addition, 

multiplication, conjugation) plus operator products on the Hilbert space. 

2.6 Associator and the non-associative order parameter 

Equivalently, EA EB is a linear combination of the basis elements EC, with coefficients CAB
C.

Sedenions are non-commutative and non-associative; therefore, in general,

                                                

Similarly, the triple associator on the lattice: 

                                        (7) 

encodes local geometric curvature due to operator entanglement and is a source term in the 

gravitational field equations. 

2.5 Sedenion basis, product, and conjugation 

Let {EA} be a fixed real basis of the 16-dimensional sedenion algebra. The identity element is E0 

= 1, and the remaining 15 basis elements {Ea} with a = 1, …, 15 are imaginary directions. 

Multiplication in this basis is encoded by structure constants C_AB^C through the expansion 

EA EB = CAB
0 E0 + CAB

1 E1 + … + CAB
15 E15.         

 (8) 

Equivalently, EA EB is a linear combination of the basis elements EC, with coefficients CAB
C. 

Sedenions are non-commutative and non-associative; therefore, in general, 

(EA EB) EC   EA (EB EC).         

 (9) 

We also introduce an involution (“conjugation”) on the basis elements by 

conjugate(E0) = E0,             (10) 

conjugate (Ea) = −Ea for a = 1, …, 15.       (11) 

This is extended linearly to any sedenion S written in components as 

S = s0 E0 + s1 E1 + … + s15 E15,           (12) 

so that 

conjugate(S) = s0 E0 − s1 E1 − … − s15 E15.         (13) 

Because the sedenion algebra is not a division algebra and contains zero divisors, we do not rely 

on multiplicative inverses. Instead, we use only well-defined algebraic operations (addition, 

multiplication, conjugation) plus operator products on the Hilbert space. 

2.6 Associator and the non-associative order parameter 

We also introduce an involution (“conjugation”) on the basis elements by
                                                     conjugate(E0) = E0,                                                                                 (10)
                                      conjugate (Ea) = −Ea for a = 1, …, 15.	                                                           (11)

This is extended linearly to any sedenion S written in components as

                                       

Similarly, the triple associator on the lattice: 

                                        (7) 

encodes local geometric curvature due to operator entanglement and is a source term in the 

gravitational field equations. 

2.5 Sedenion basis, product, and conjugation 

Let {EA} be a fixed real basis of the 16-dimensional sedenion algebra. The identity element is E0 

= 1, and the remaining 15 basis elements {Ea} with a = 1, …, 15 are imaginary directions. 

Multiplication in this basis is encoded by structure constants C_AB^C through the expansion 

EA EB = CAB
0 E0 + CAB

1 E1 + … + CAB
15 E15.         

 (8) 

Equivalently, EA EB is a linear combination of the basis elements EC, with coefficients CAB
C. 

Sedenions are non-commutative and non-associative; therefore, in general, 

(EA EB) EC   EA (EB EC).         

 (9) 

We also introduce an involution (“conjugation”) on the basis elements by 

conjugate(E0) = E0,             (10) 

conjugate (Ea) = −Ea for a = 1, …, 15.       (11) 

This is extended linearly to any sedenion S written in components as 

S = s0 E0 + s1 E1 + … + s15 E15,           (12) 

so that 

conjugate(S) = s0 E0 − s1 E1 − … − s15 E15.         (13) 

Because the sedenion algebra is not a division algebra and contains zero divisors, we do not rely 

on multiplicative inverses. Instead, we use only well-defined algebraic operations (addition, 

multiplication, conjugation) plus operator products on the Hilbert space. 

2.6 Associator and the non-associative order parameter 

                                                                         

Similarly, the triple associator on the lattice: 

                                        (7) 

encodes local geometric curvature due to operator entanglement and is a source term in the 

gravitational field equations. 

2.5 Sedenion basis, product, and conjugation 

Let {EA} be a fixed real basis of the 16-dimensional sedenion algebra. The identity element is E0 

= 1, and the remaining 15 basis elements {Ea} with a = 1, …, 15 are imaginary directions. 

Multiplication in this basis is encoded by structure constants C_AB^C through the expansion 

EA EB = CAB
0 E0 + CAB

1 E1 + … + CAB
15 E15.         

 (8) 

Equivalently, EA EB is a linear combination of the basis elements EC, with coefficients CAB
C. 

Sedenions are non-commutative and non-associative; therefore, in general, 

(EA EB) EC   EA (EB EC).         

 (9) 

We also introduce an involution (“conjugation”) on the basis elements by 

conjugate(E0) = E0,             (10) 

conjugate (Ea) = −Ea for a = 1, …, 15.       (11) 

This is extended linearly to any sedenion S written in components as 

S = s0 E0 + s1 E1 + … + s15 E15,           (12) 

so that 

conjugate(S) = s0 E0 − s1 E1 − … − s15 E15.         (13) 

Because the sedenion algebra is not a division algebra and contains zero divisors, we do not rely 

on multiplicative inverses. Instead, we use only well-defined algebraic operations (addition, 

multiplication, conjugation) plus operator products on the Hilbert space. 

2.6 Associator and the non-associative order parameter 

so that
                              conjugate(S) = s0 E0 − s1 E1 − … − s15 E15.  						               (13)

Because the sedenion algebra is not a division algebra and contains zero divisors, we do not rely on multiplicative 
inverses. Instead, we use only well-defined algebraic operations (addition, multiplication, conjugation) plus operator 
products on the Hilbert space.

https://www.primeopenaccess.com/international-journals/international-journal-of-quantum-technologies.asp


5Int J Quantum Technol, 2026

Associator and the Non-Associative Order Parameter
The key object controlling departures from associative physics is the associator:
                                                             [a,b,c] ≡ (ab)c − a(bc).                                                                   (14)
For sedenion basis elements, the associator is generally nonzero and defines a third-order tensor:
                                                               𝒜ABC ≡ [E_A, EB, EC] = (EA EB)EC − EA(EB EC).                                                       (15)

For the operator field Ψ(x), we define a local associator density by projecting onto components. A convenient and 
explicit choice is to define the component operators
                                                      ΨA(x) ≡ ψA(x) EA (no sum on A),				                             (16)

and then define the local associator tensor field as
                                                      AABC(x) ≡ [ΨA(x), ΨB(x), ΨC(x)].  			                                      (17)
Remarks:
•	 AABC(x) vanishes identically if the dynamics remains inside an associative subalgebra; thus it is a diagnostic and 

driver of genuinely non-associative behavior.
•	 AABC(x) is local (same lattice site), matching the philosophy that the “new physics” originates from internal algebraic 

structure rather than nonlocal couplings.

Summary: Operator Geometry Replaces Metric Structure
In summary, Section 2 establishes the operator-based geometric framework where:
•	 Differentiation is defined via discrete central difference operators,
•	 Curvature arises from commutators and associators,
•	 Gravitational attraction and dark energy emerge as symmetric and antisymmetric sectors of the operator product,
•	 Gauge symmetry is inherited from automorphisms of the sedenion algebra.
This framework serves as the mathematical backbone for the emergent dynamics explored in subsequent sections.

Derivation of Field Equations from Sedenionic Structure
The goal of this section is to derive the gravitational and cosmological dynamics from first principles using the sedenionic 
operator algebra introduced in Section 2. Rather than postulating Einstein’s field equations, we aim to extract effective 
dynamical laws by interpreting associators, commutators, and operator curvature as the sources of interaction.

Operator Field Dynamics from an Action Principle
We begin by defining an operator-valued action Sover the discrete lattice spacetime:
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This is the fundamental dynamical equation of our model. The first term is a discrete Laplacian (analogous to the 
d’Alembertian in flat spacetime), while the second term represents curvature-like self-interaction.

Emergent Gravity and the Effective Energy-Momentum Operator
We define the symmetric field operator tensor:
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This yields a Yukawa-type potential from first principles, with: 
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 Screening length      , which may vary across space. 

Thus, the effective gravitational potential from this theory at galactic scales is: 
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Scaling Behavior and Observational Reach
•	 Short Distances (Galactic Core): Associators vanish, and gravity reduces to Newtonian.

•	 Intermediate Scales: Yukawa term becomes significant, flattening rotation curves.
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•	 Cosmic Scales: Antisymmetric operator curvature dominates, mimicking dark energy.

Emergent Yukawa Term and Astrophysical Implications
In the preceding section, we derived a Yukawa-type potential from the operator associator structure inherent to sedenionic 
quantum gravity. This section analyzes how such a potential modifies gravitational interactions at astrophysical scales 
and relates to observable galactic and cluster phenomena.

The Yukawa-Corrected Gravitational Potential
We recast the emergent operator-based gravitational potential between two mass sources m1,m2as:
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   is the screening length, both computable from associator eigenvalues. 

Unlike modified gravity models where these parameters are adjusted phenomenologically, our 

framework determines them algebraically. Specifically, 
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Thus, different galactic environments — including central black holes, mass asymmetry, or 

rotational structure — yield varying effective parameters. 

4.2 Interpretation and Scaling 

The effective gravitational acceleration becomes: 
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Three distinct regimes emerge: 

 Short-range regime (   ): Yukawa correction negligible. Newtonian gravity 

dominates. 

 Transition regime (   ): Yukawa term partially cancels the     fall-off, flattening the 

velocity curve. 

 Large-scale regime (   ): The potential returns to     , but the amplitude is 

modified by  . 

This naturally accounts for: 

 Flat rotation curves at large galactic radii without invoking dark matter halos. 

 Absence of cusp-like core densities, consistent with observational data. 
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Three distinct regimes emerge:
•	 Short-Range Regime (r≪λ): Yukawa correction negligible. Newtonian gravity dominates.

•	 Transition Regime (r∼λ): Yukawa term partially cancels the 1/r2 fall-off, flattening the velocity curve.

•	 Large-Scale Regime (r≫λ): The potential returns to ∼1/r, but the amplitude is modified by α.

This naturally accounts for:
•	 Flat rotation curves at large galactic radii without invoking dark matter halos.
•	 Absence of cusp-like core densities, consistent with observational data.
•	 Coherent lensing profiles based on matching αand λto those inferred from kinematic fits.

Milky Way Implications
In the case of the Milky Way, we find:
•	 Galactic bulge mass Mbulge  introduces a strong associator background.
•	 This leads to moderate α∼0.2-0.3 and λ∼10kpc, consistent with observed flattening radius and scale.
The presence of supermassive black holes near the center (e.g., Sgr A*) enhances the associator field, causing sharper 
gravitational behavior at the core while allowing extended, stable orbits at galactic outskirts.

Galaxies with Minimal Yukawa Coupling
Our model predicts that galaxies with low internal asymmetry, low core mass concentration, or less rotational structure 
will exhibit:
•	 Smaller α, approaching Newtonian behavior,
•	 Less pronounced flattening of rotation curves.
Such systems may include dwarf spheroidal galaxies or ultra-diffuse galaxies (UDGs), and provide a testbed to falsify or 
support the operator framework.

Contrast with MOND and Other Alternatives
While Modified Newtonian Dynamics (MOND) and TeVeS attempt to reproduce flat rotation curves via phenomenological 
interpolations or additional vector fields, they:
•	 Lack derivation from first principles,
•	 Struggle with gravitational lensing predictions,
•	 Do not address dark energy.
In contrast, our model:
•	 Derives modifications algebraically from associator curvature,
•	 Preserves microcausality and quantum structure,

https://www.primeopenaccess.com/international-journals/international-journal-of-quantum-technologies.asp


8Int J Quantum Technol, 2026

•	 Integrates gravity and dark energy behavior in a unified operator field.

Summary
The Yukawa potential in our framework arises not as an add-on, but as a natural outcome of the sedenionic operator 
structure. It modifies gravitational interaction in a scale-dependent, testable manner — and provides an elegant 
explanation for galactic dynamics without invoking invisible matter.

The next section evaluates how this framework matches empirical datasets across galaxy, cluster, and cosmological 
scales.

Observational Evidence and Data Fits
The predictive value of any gravitational framework must be assessed through its alignment with astrophysical 
observations. In this section, we evaluate the empirical viability of our operator-based quantum gravity model by 
comparing its predictions—especially those emerging from the Yukawa-modified potential and operator curvature—with 
data across four classes of systems:
•	 Galaxy rotation curves [23]
•	 Gravitational lensing [24]
•	 Cluster dynamics [25]
•	 Bullet Cluster anomaly [26]
We then review its compatibility with current large-scale surveys, highlighting the observational coherence of our 
approach.

Galaxy Rotation Curves
One of the longstanding challenges to Newtonian gravity and general relativity is the flattening of galaxy rotation 
curves at large radii. In the absence of dark matter, classical predictions fail to explain why orbital velocities remain 
approximately constant as r→∞.

Operator Prediction:
Using the modified acceleration from Section 4:
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where F encodes the modified profile.
Predictions:
•	 Strong lensing arcs are reproduced using the same α,λvalues that fit the rotation data.
•	 Core density profiles in galaxies show no cusp—aligning with lensing mass reconstructions.
•	 Observations from SLACS, CASTLES, and HSC surveys are consistent with our model at the 10–15% level [27].

Cluster Dynamics
Galaxy clusters provide another scale at which gravitational anomalies emerge. Velocity dispersion, X-ray emissions, and 
lensing all indicate more mass than accounted for by baryons [28].

Operator Model Fit:
We apply the Yukawa-extended virial relation:
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Findings: 

 Clusters like Coma and Virgo yield fits with      Mpc and      , matching both 

dispersion and weak lensing data. 

 Unlike MOND, our framework maintains consistency across both galaxy and cluster 

scales with no scale recalibration needed. 

5.4 The Bullet Cluster: A Test Case 

The Bullet Cluster (1E0657–56) [29] presents a unique challenge: spatial separation between 

gravitational lensing peaks and baryonic mass peaks suggests an additional invisible mass 

component. 

Operator-Based Interpretation: 

In our model: 

 Lensing is driven by the operator curvature tensor    sourced by both symmetric and 

antisymmetric sectors. 

 The asymmetric mass distribution during collision induces transient associator 

gradients, producing spatial lensing shifts without dark matter. 

Ongoing tensor extension work supports this claim, but full resolution may require incorporating 

directional associators aligned with merger dynamics. 

5.5 Empirical Datasets: Planck, Gaia, and SDSS [30] 

We further compare our predictions with cosmological and galactic datasets: 
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Findings: 
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 Unlike MOND, our framework maintains consistency across both galaxy and cluster 

scales with no scale recalibration needed. 

5.4 The Bullet Cluster: A Test Case 

The Bullet Cluster (1E0657–56) [29] presents a unique challenge: spatial separation between 

gravitational lensing peaks and baryonic mass peaks suggests an additional invisible mass 

component. 

Operator-Based Interpretation: 

In our model: 

 Lensing is driven by the operator curvature tensor    sourced by both symmetric and 

antisymmetric sectors. 

 The asymmetric mass distribution during collision induces transient associator 

gradients, producing spatial lensing shifts without dark matter. 

Ongoing tensor extension work supports this claim, but full resolution may require incorporating 

directional associators aligned with merger dynamics. 

5.5 Empirical Datasets: Planck, Gaia, and SDSS [30] 

We further compare our predictions with cosmological and galactic datasets: 

Findings:
•	 Clusters like Coma and Virgo yield fits with λ∼1-2Mpc and α∼0.5, matching both dispersion and weak lensing data.
•	 Unlike MOND, our framework maintains consistency across both galaxy and cluster scales with no scale recalibration 

needed.
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The Bullet Cluster: A Test Case
The Bullet Cluster (1E0657–56) presents a unique challenge: spatial separation between gravitational lensing peaks and 
baryonic mass peaks suggests an additional invisible mass component [29].

Operator-Based Interpretation:
In our model:
•	 Lensing is driven by the operator curvature tensor R_μνsourced by both symmetric and antisymmetric sectors.
•	 The asymmetric mass distribution during collision induces transient associator gradients, producing spatial lensing 

shifts without dark matter.

Ongoing tensor extension work supports this claim, but full resolution may require incorporating directional associators 
aligned with merger dynamics.

Empirical Datasets: Planck, Gaia, and SDSS [30]
We further compare our predictions with cosmological and galactic datasets:
•	 Planck CMB anisotropy: Our model’s effective Λ behavior mimics a dynamical dark energy with equation of state 

weff∼-1+ϵ(t), fitting Planck+BAO+SN data [31,32].

•	 Gaia DR3: Rotation curve reconstructions match predicted orbital velocities under Yukawa-modified potentials.

•	 SDSS Clusters: Velocity dispersions and weak lensing trends align with predicted operator-induced profiles.
This multi-scale agreement suggests that the operator framework is not only consistent but predictively robust.

Summary of Observational Fit Strength
To evaluate the empirical viability of the operator-based quantum gravity framework, we compile in Table 1 a summary of 
how its predictions align with key astrophysical and cosmological observations. These include galaxy-scale phenomena, 
gravitational lensing, and cluster dynamics—regimes traditionally requiring dark matter or exotic modifications. The 
operator model produces testable corrections to Newtonian gravity via a Yukawa-type potential with coupling constants 
αand screening length λ, both derived from first principles. This table highlights the qualitative and quantitative fit across 
multiple independent probes.

Scale Observable Operator Prediction Status
Galaxy Rotation v(r) flattening Excellent fits without dark 

matter
 Confirmed

Galaxy Cores Density profiles Smooth, regular cores Matches lensing
Lensing Arcs Deflection angles Reproduced with same α,λ Consistent
Cluster Dynamics Velocity dispersions Within observational bounds Matched
Bullet Cluster Lensing-mass offset Requires full tensor extension Ongoing modeling

Table 1: Summary of Observational Fit Strengths for the Operator-Based Quantum Gravity Model

Model Consistency and Outlook
In this section, we explore the deeper implications of the operator-based sedenionic framework, focusing on internal 
theoretical consistency and its capacity to explain large-scale cosmic features. We discuss four aspects: quantum 
coherence and homogeneity, the emergent behavior of the cosmological constant Λ, cycling cosmology, and contrasts 
with the ΛCDM model.

Entangled Origins of Cosmic Uniformity
Standard cosmology explains the uniformity of the cosmic microwave background (CMB) by postulating a phase of 
superluminal inflation in the early universe [33]. While phenomenologically successful, this approach lacks a first-
principles derivation and introduces fine-tuning.

In contrast, our model explains uniformity through global coherence of associators across quantum spacetime. Because 
associators act as non-local algebraic correlators:
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They effectively entangle field values across disconnected regions. This introduces a natural 

mechanism for: 

 Quantum-level homogeneity across causal horizons, 

 Suppression of anisotropies without inflation, 

 Coherent phase structure imprinted onto the post–Planck epoch universe. 

This algebraic coherence replaces inflation with non-associative quantum correlation as the 

homogenizing force. 

6.2 Dynamical Lambda from Associators 

Einstein originally introduced the cosmological constant Λ [34] to stabilize the universe. In 

ΛCDM, Λ is reinterpreted as vacuum energy. However, its small value relative to Planck-scale 

expectations presents a profound puzzle. 

In our framework, no external Λ is inserted. Instead, the antisymmetric operator structure 

naturally yields a repulsive, accelerating force: 
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6.2 Dynamical Lambda from Associators 

Einstein originally introduced the cosmological constant Λ [34] to stabilize the universe. In 

ΛCDM, Λ is reinterpreted as vacuum energy. However, its small value relative to Planck-scale 

expectations presents a profound puzzle. 

In our framework, no external Λ is inserted. Instead, the antisymmetric operator structure 

naturally yields a repulsive, accelerating force: 

They effectively entangle field values across disconnected regions. This introduces a natural mechanism for:
•	 Quantum-level homogeneity across causal horizons,
•	 Suppression of anisotropies without inflation,
•	 Coherent phase structure imprinted onto the post–Planck epoch universe.
This algebraic coherence replaces inflation with non-associative quantum correlation as the homogenizing force.
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Dynamical Lambda from Associators
Einstein originally introduced the cosmological constant Λ to stabilize the universe. In ΛCDM, Λ is reinterpreted as 
vacuum energy [34]. However, its small value relative to Planck-scale expectations presents a profound puzzle.

In our framework, no external Λ is inserted. Instead, the antisymmetric operator structure naturally yields a repulsive, 
accelerating force:
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The square of this field yields an effective exponential expansion rate: 
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Thus, the magnitude of the associator norm: 

Λeff                   (40) 

controls cosmic acceleration. Since this quantity is emergent, dynamical, and environment-

dependent, the cosmological constant becomes variable, consistent with: 

 Observational hints of evolving dark energy, 

 Models of decaying Λ, 

 Resolution of the “cosmological constant problem.” 

6.3 Quantum Cycles and the Period of the Universe 

The associator structure contains not only repulsive terms but also curvature oscillations that 

introduce cyclical dynamics. 

Define a generalized operator energy: 
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the universe undergoes quantum cycles: 
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The square of this field yields an effective exponential expansion rate: 
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matching the Hubble time and offering a possible explanation for the coincidence problem (i.e., why cosmic acceleration 
began recently). 

Revisiting ΛCDM: An Emergent Alternative
The ΛCDM model remains the benchmark for cosmology, but it relies on:
• Dark matter (undetected in labs),
• A fixed cosmological constant,
• Phenomenological interpolations.
To highlight the foundational differences between the standard ΛCDM model and the operator-based gravity framework 
proposed in this work, Table 2 presents a side-by-side comparison of core features. While ΛCDM is built upon General 
Relativity, augmented with hypothetical dark components and inflationary dynamics, our model derives cosmic structure 
and acceleration from first principles using sedenionic operator algebra. Notably, key ingredients—such as dark matter, a 
cosmological constant, and inflation—are not assumed but emerge naturally from the non-associative operator dynamics.

Feature ΛCDM Operator Gravity (This Work)
Gravity source Spacetime curvature (GR) Associator-based operator dynamics
Dark matter Required, non-baryonic Replaced by Yukawa correction
Dark energy Constant Λ Emergent from antisymmetric algebra
Early universe Inflation (postulated) Quantum entanglement via associators
Curvature source Metric tensors Algebraic commutators and associators
Field equations Postulated (Einstein) Derived from discrete operator action

Table 2: Theoretical Comparison Between ΛCDM and Operator-Based Quantum Gravity

The operator-based approach maintains all successful fits of ΛCDM (CMB, structure formation, BAO) while offering a 
first-principles, dynamically unified explanation of observed features.
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Symmetric vs. Antisymmetric Components: Gravity vs. Repulsion
The algebraic decomposition of the operator product:
•	 10 Symmetric Modes Ĝμν: classical gravity (curvature, attraction)

•	 6 Antisymmetric Modes Âμν: repulsive field (cosmic acceleration)

This split is not ad hoc but results from the internal structure of the sedenion basis and associator propagation.
The dual role of the operator field ensures that:
•	 Gravitation and cosmic acceleration emerge from the same algebra, and
•	 The relative strength and activation of these components evolve dynamically with the universe’s state.

Reproducing Galactic Rotation Curves without Dark Matter and MOND Hypothesis
One of the most stringent observational tests for any modified gravity model is its ability to reproduce galactic rotation 
curves. In the standard ΛCDM framework, the observed flattening of rotation curves at large radii is typically explained 
by invoking extended halos of non-baryonic dark matter. In contrast, within the present operator gravity framework, this 
behavior arises naturally from a Yukawa-type modification to the Newtonian potential:
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This effective correction is not added ad hoc but originates from the associator structure intrinsic 
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At intermediate and large radii (   ), the repulsive component due to the Yukawa term 

partially cancels the Newtonian decline, yielding a flat or slowly declining rotation profile — 

consistent with observed galaxy dynamics. 
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At intermediate and large radii (r∼λ), the repulsive component due to the Yukawa term partially cancels the Newtonian 
decline, yielding a flat or slowly declining rotation profile — consistent with observed galaxy dynamics.

Now, we shall apply the theory we have developed to analyze the galactic rotation curves and to resolve the dark matter 
mystery. In Figure 3, we use two examples, NGC 3198 and NGC 6503, to illustrate that our quantum gravity theory can 
successfully reproduce the characteristic behavior of the rotation curve without the need for the dark matter hypothesis 
or the ad hoc MOND assumption [17,18]. 
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Figure 3. Best-fit rotation curves for (A) NGC 3198 and (B) NGC 6503, based on a stretched-

exponential baryonic profile with a Yukawa-type gravitational correction derived from operator 

dynamics. Red points indicate digitized observational data; blue curves show the fitted profiles. 

The model reproduces both the sharp inner rise and the flat outer plateau, with root-mean-square 

errors (RMSE) of ≈13.9 km/s (NGC 3198) and ≈9.8 km/s (NGC 6503). 

 

The quantum-corrected gravitational model developed here also provides a natural framework 

for addressing the flatness of galaxy rotation curves without invoking exotic dark matter halos. 
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Figure 3. Best-fit rotation curves for (A) NGC 3198 and (B) NGC 6503, based on a stretched-exponential baryonic profile 
with a Yukawa-type gravitational correction derived from operator dynamics. Red points indicate digitized observational 
data; blue curves show the fitted profiles. The model reproduces both the sharp inner rise and the flat outer plateau, 
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with root-mean-square errors (RMSE) of ≈13.9 km/s (NGC 3198) and ≈9.8 km/s (NGC 6503).

The quantum-corrected gravitational model developed here also provides a natural framework for addressing the flatness 
of galaxy rotation curves without invoking exotic dark matter halos. In a related preprint, a Yukawa-type correction 
to Newtonian gravity was derived from antisymmetric components of the algebraic spinor bilinears [35]. Applying this 
correction to baryonic mass profiles governed by a stretched exponential distribution, the resulting orbital velocity 
profiles match observed data from both spiral galaxies (e.g., NGC 2403, NGC 5055) and galaxy clusters (Abell 2029, 
Abell 2199), without the need for non-baryonic dark matter. This suggests that quantum-scale corrections to gravity, 
emerging from the sedenion gauge structure, may account for galactic dynamics typically attributed to dark matter.
Our results show that:
•	 Flat rotation curves at large radii are reproduced without exotic dark matter
•	 The model exhibits no artificial inner cusps, consistent with cored observational profiles
•	 Best-fit Yukawa parameters vary naturally from galaxy to galaxy, depending on curvature saturation, not ad hoc 

tuning

These results are consistent with recent lensing-rotation relation studies from SDSS and KiDS, further supporting the 
viability of this approach. Our model’s success across different galaxies and datasets reinforces its explanatory power as 
a dark matter alternative grounded in first principles.

Summary and Outlook
In this work, we have developed a non-associative, operator-based framework for quantum gravity grounded in the 
algebraic structure of the 16-dimensional sedenions. This approach departs from metric-based general relativity and 
standard field theories by defining spacetime and its dynamics through quantum operator products and their associators.
Our key contributions and findings include:

•	 Foundational Algebraic Dynamics:
We derived field equations from a discrete operator action, introducing associators as intrinsic sources of curvature and 
dynamical evolution. The decomposition into 10 symmetric (gravitational) and 6 antisymmetric (repulsive) components 
provides a natural unification of gravity and cosmic acceleration within a single operator formalism.

•	 Yukawa Term Emergence:
From first principles, we obtained a Yukawa-type correction to the Newtonian potential with calculable coupling strength 
αand screening length λ. This successfully explains flat galactic rotation curves and lensing profiles without invoking dark 
matter.	

•	 Microcausality and Lattice Regularization:
The theory enforces causality through discrete central difference operators, avoiding divergences and defining operator 
curvature as a replacement for classical Riemannian geometry.
	
•	 Dark Energy and Cosmic Expansion:
The antisymmetric operator components naturally produce repulsive effects consistent with a dynamically emergent 
cosmological constant Λeff ∼⟨A2⟩, providing a testable model of dark energy that evolves over time.

•	 Early-Universe Uniformity via Coherent Associators:
Quantum entanglement encoded in operator associators offers a compelling alternative to inflation for explaining cosmic 
uniformity—replacing geometric inflation with algebraic coherence.

•	 Cosmic Cycling Dynamics:
The exchange of energy between symmetric and antisymmetric operator modes suggests a cyclic model of the universe, 
with a quantifiable period linked to Planck-scale confinement and associator strength.

•	 Observational Validation:
The model shows excellent agreement with data from Gaia, SDSS, Planck, and gravitational lensing observations. It also 
accommodates the Bullet Cluster’s mass-lensing offset via transient associator curvature gradients.

Outlook
Our operator-based quantum gravity model opens new theoretical and observational pathways:
	
•	 Tensor Extensions:
To model anisotropic systems like merging clusters, tensor extensions of the operator curvature are underway, 
incorporating directional associators and time-varying antisymmetric fields.
	
•	 Gauge Field Unification:
Future work will explore how internal gauge symmetries—electromagnetic, weak, and strong—can be embedded within 
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the sedenionic operator algebra, potentially completing a geometric unification of all fundamental interactions.
	
•	 Quantum Gravity Phenomenology:
Black hole information recovery, gravitational wave dispersion, and cosmic microwave background anisotropies may all 
exhibit signatures of operator-based microcausality and non-associativity.
	
•	 Simulation and Lattice Implementation:
The discrete formulation permits numerical implementation using quantum cellular automata or operator networks, 
enabling first-principles simulations of operator quantum cosmology.
	
•	 TeVeS Falsifiability and Tests:
Predictions about αand λin galaxies with specific morphologies (e.g. UDGs, dwarf spheroidals) offer direct, falsifiable 
tests that distinguish this framework from MOND, TeVeS and ΛCDM [35].

In unifying gravitation, cosmic acceleration, and galactic dynamics under a single algebraic roof, this framework challenges 
standard cosmological assumptions while offering elegant, quantifiable alternatives grounded in the symmetry and 
structure of quantum operator algebras.

We hope this work stimulates further investigation into the role of non-associativity in fundamental physics and its 
potential to reshape our understanding of space, time, and the cosmos.
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