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Abstract 
We present a unified algebraic framework that reconstructs both attractive and repulsive gravitational dynamics from 
the symmetric and antisymmetric sectors of the Clifford algebra Cl1,3.  Building on prior work embedding Einstein’s field 
equations within symmetrized gamma matrix products, we show that attractive gravity naturally emerges from the 
symmetric bilinear space, which generates the metric and curvature tensors. Extending this structure, we demonstrate 
that antisymmetric bivector elements—typically linked to spin and torsion—produce a repulsive stress-energy contribution, 
offering a dynamic, operator-based origin for the cosmological constant.

This dual-sector formulation bridges the longstanding divide between curvature-induced gravity and vacuum-driven 
cosmic acceleration, unifying them within a single algebraic system. The resulting modified field equations remain fully 
tensorial and consistent with General Relativity, while introducing a physically grounded mechanism for cosmic repulsion. 
Our approach reproduces Einstein’s equations from the symmetric sector and reveals a previously overlooked role for 
the antisymmetric sector—one that yields repulsive gravity without invoking additional fields or arbitrary constants. 
These results suggest a new algebraic path toward unifying spacetime geometry with quantum field structure.

Introduction
The formulation of gravity through Einstein’s General Theory of Relativity (GR) established a profound connection 
between spacetime geometry and energy-momentum content [1]. Within this framework, the Einstein field equations 
describe how mass and energy curve spacetime, yielding gravitational attraction as a manifestation of this curvature. 
Yet, despite its enduring success, General Relativity lacks a natural explanation for repulsive gravitational phenomena, 
such as the universe’s accelerated expansion [2]. The standard resolution introduces a cosmological constant Λ as a 
uniform energy density of the vacuum, but its origin remains unexplained and conceptually detached from the geometric 
foundations of the theory [3].

In parallel, Clifford algebra—particularly the real algebra Cl1,3underlying the Dirac equation—has emerged as a 
mathematically rich framework capable of unifying spacetime geometry, spinor structures, and field dynamics [4]. 
Recently, we demonstrated that the symmetric bilinear products of Dirac gamma matrices  naturally reproduce the 
metric tensor, spin connection, and Einstein tensor, allowing the full structure of GR to be embedded within Clifford 
algebra without recourse to differential geometry [5]. This algebraic formulation retains physical equivalence with 
Einstein’s equations while offering an operator-level interpretation well suited for coupling to quantum matter fields.

The present work extends this framework by exploring the antisymmetric sector of Clifford algebra—specifically, the 
bivector elements generated by gamma matrix commutators. These components are algebraically distinct from the 
symmetric sector and are associated with intrinsic spin, torsion, and axial currents in spinor field theories. We propose 
that they also contribute a repulsive gravitational component, which emerges naturally from spinor bilinears involving 
antisymmetric gamma matrices. In this view, repulsion is not introduced artificially via a constant Λ, but instead arises 
from internal algebraic structures linked to the quantum properties of spacetime.
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By combining both symmetric and antisymmetric contributions within a unified Clifford framework, we construct a 
modified formulation of General Relativity in which the attractive and repulsive aspects of gravity are algebraically 
resolved. This dual-source model reproduces Einstein’s equations in the symmetric limit and introduces a dynamic, 
expectation-value-driven repulsive term from the antisymmetric Clifford sector. The resulting theory not only provides 
structural clarity regarding the origin of cosmic acceleration but also strengthens the case for Clifford algebra as a 
foundational language for quantum-compatible gravity.

Clifford Algebra Foundations: Symmetric and Antisymmetric Structures
In this section, we introduce the algebraic groundwork underpinning our unified formulation of gravitational dynamics. 
The real Clifford algebra Cl1,3(R)— associated with four-dimensional Minkowski spacetime of signature (+,-,-,-)— 
provides a structured framework where both geometry and spinor dynamics can be described using a common algebraic 
language. We distinguish between the symmetric and antisymmetric sectors of the algebra, each of which plays a 
structurally unique and physically meaningful role in the gravitational field equations.

Structure of Cl1,3: Graded Elements and Basis
The Clifford algebra Cl1,3 is a 16-dimensional associative algebra generated by the gamma matrices γμ satisfying the 
defining anticommutation relation [6]:

                                  {γμ,γν}=γμ γν+γν γμ=2ημν 1,ημν=diag(+1,-1,-1,-1)  	 (1)

This algebra contains elements of various grades, each corresponding to distinct geometric interpretations:

Grade Element Type Basis Dimension
0 Scalar 1
1 Vector 4
2 Bivector 6
3 Trivector 4
4 Pseudoscalar 1
Total — 16

We focus specifically on the symmetric and antisymmetric bilinear combinations of the gamma matrices:
•	  Symmetric product:
                                                         Sμν=1/2(γμ γν+γν γμ)=ημν 1  	          (2)
•	  Antisymmetric product (bivector):
                                                      Σμν:=1/2[γμ,γν]=1/2(γμ γν-γν γμ) 	          (3)
The symmetric sector is associated with the metric tensor, whereas the antisymmetric sector corresponds to the Lorentz 
generators and is related to spin, torsion, and (as we propose) repulsive gravitational effects [7].  According to Pauli’s 
exclusion principle,  the antisymmetric orbital theory in molecular physics leads to a repulsive exchange force [8]. 

Metric from Symmetric Gamma Products
We define the spacetime metric algebraically using the trace over gamma matrix products:
                                                              gμν:=1/4 Tr(γμ γν)                         (4)
This definition ensures that gμν recovers the standard Minkowski metric ημν in a locally inertial frame and generalizes 
correctly under coordinate transformations via the use of vierbein fields eμ

a (x).

This approach effectively reconstructs the geometric structure of spacetime directly from the symmetric components of 
the Clifford algebra — without the need for postulating the metric independently.

The Role of Antisymmetric Gamma Products
The six bivector generators Σ^μνsatisfy the Lorentz algebra:
                                               [Σμν,Σρσ]=i(ηνρ Σμσ-ημρ Σνσ+ημσ Σνρ-ηνσ Σμρ).         (5)
These antisymmetric combinations form the infinitesimal generators of local Lorentz transformations and naturally 
encode spinor-torsion coupling, axial currents, and non-Riemannian features of spacetime.

Our central hypothesis is that expectation values of spinor bilinears involving Σμν give rise to a repulsive gravitational 
contribution in the field equations:
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This term behaves analogously to a cosmological constant at large scales but is not scalar nor 

introduced by hand. It is emergent from the underlying algebraic structure and is sensitive to 

spinor field dynamics. 

2.4 Covariant Derivative and Algebraic Curvature 

We define the Clifford-valued covariant derivative acting on spinors and Clifford elements: 
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Covariant Derivative and Algebraic Curvature
We define the Clifford-valued covariant derivative acting on spinors and Clifford elements:
                                                       Dμ:=∂μ+Ωμ,”with” Ωμ:=1/4 ωμ

αβ Σαβ   (7)

The algebraic curvature operator is then defined via the commutator:
                                                  Rμν:=[Dμ,Dν]=∂μ Ων-∂ν Ωμ+[Ωμ,Ων]    (8)
This operator contains only Clifford-valued bivector elements and plays the role analogous to the Riemann tensor in 
differential geometry. It satisfies trace identities which, as we will show in the next section, yield both the Einstein tensor 
and a modified repulsive term.

Summary of Sectoral Roles

Sector Clifford Object Physical Role
Symmetric γμ γν+γν γμ Generates metric gμν, attractive gravity
Antisymmetric [γμ,γν ] Generates repulsive term Λμν

(A) )via 
spinor bilinears

This dual-structured Clifford foundation sets the stage for a two-source algebraic formulation of gravity, where attraction 
and repulsion are unified in a mathematically consistent and physically transparent manner.

Algebraic Derivation of the Modified Einstein Field Equations
We now show how the symmetric and antisymmetric structures of Clifford algebra contribute separately but coherently 
to the formulation of gravitational dynamics. The Einstein tensor is derived from the symmetric sector using trace 
identities of Clifford-valued curvature, while the repulsive stress-energy contribution is constructed from spinor bilinear 
involving the antisymmetric generators Σμν. We then present the full modified gravitational field equation, unifying both 
attractive and repulsive components in an operator-based framework.

Clifford-Valued Curvature and the Einstein Tensor
Recall from Section 2.4 that the Clifford-valued spin connection is defined as:
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•	 Dynamical — potentially evolving with cosmic time or curvature.
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geometric constant. 

To visualize the algebraic structure underlying our modified gravitational theory, we present a 

flowchart illustrating how the symmetric and antisymmetric components of the Clifford algebra 

     independently contribute to gravitational attraction and repulsion. In this formulation, the 
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Feature Standard Λ Clifford Λμν
(A) 

Mathematical origin Scalar added by hand Derived from spinor bivector bilinear
Dynamical or constant Constant Dynamical, spinor-dependent
Tensor structure Proportional to metric Bivector-valued, not scalar multiple
Coupling mechanism External (vacuum energy) Internal (operator expectation)
Quantum compatibility Lacks direct quantum link Tied to spinor fields and Clifford algebra

This opens the possibility that cosmic repulsion is a quantum-algebraic phenomenon, not a geometric constant.

To visualize the algebraic structure underlying our modified gravitational theory, we present a flowchart illustrating how 
the symmetric and antisymmetric components of the Clifford algebra Cl1,3 independently contribute to gravitational 
attraction and repulsion. In this formulation, the symmetric Clifford products reproduce the standard Einstein tensor, 
encoding spacetime curvature and matter coupling in General Relativity. In contrast, the antisymmetric Clifford sector—
composed of gamma matrix commutators—generates a dynamically evolving repulsive stress-energy component 
via spinor bilinears. These two algebraic branches are unified in a single operator-valued field equation, naturally 
accommodating both gravitational collapse and cosmic acceleration within the same structural framework.

single operator-valued field equation, naturally accommodating both gravitational collapse and 

cosmic acceleration within the same structural framework. 

 

Figure 1. Algebraic origin of gravitational attraction and repulsion from Clifford structures. 

This flowchart illustrates the conceptual and algebraic pathways leading from the Clifford 

algebra      to the full gravitational field dynamics. The top layer (light green) establishes the 

algebraic foundation with gamma matrices. The second layer (light blue) splits into the 

Figure 1: Algebraic Origin of Gravitational Attraction and Repulsion from Clifford Structures.

This flowchart illustrates the conceptual and algebraic pathways leading from the Clifford algebra Cl1,3 to the full 
gravitational field dynamics. The top layer (light green) establishes the algebraic foundation with gamma matrices. 
The second layer (light blue) splits into the symmetric (Einstein tensor) and antisymmetric (repulsive bivector current) 
sectors. The third (red) and fourth (purple) layers derive the respective gravitational contributions: the symmetric sector 
yields the Einstein tensor Gμν, while the antisymmetric sector gives rise to the dynamical repulsive term Λμν

(A)=λ⟨ΨˉΣμν 
Ψ⟩. The final (cyan) layer unifies both into the modified field equation: Gμν+Λμν

(A) =8πTμν capturing the full attractive and 
repulsive dynamics of the gravitational field.

Time Evolution and Early Universe Implications
Because Λμν

(A) depends on spinor bilinears, its magnitude can evolve over cosmic time, as the vacuum state, field density, 
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or curvature environment changes. This offers a natural explanation for inflation and late-time acceleration within a 
single algebraic framework:
•	 In the early universe, high densities of spinor fields or torsion-induced excitations could lead to a large effective Λμν

(A) 
, mimicking inflation without requiring a scalar inflaton field.

•	 In the present epoch: as torsion and spinor expectation values decay, the magnitude of Λμν
(A)may settle to a small 

but non-zero value, producing the observed acceleration.
•	 At large scales: where curvature is low and fermion content is sparse, this term may approximate a uniform effective 

cosmological constant, consistent with ΛCDM predictions.
•	 This dynamical cosmological term avoids fine-tuning problems and eliminates the need for manually inserted scalar 

fields or potentials.

Connection to Einstein–Cartan Theory and Spin-Torsion Gravity [24,25]
In Einstein–Cartan theory, spinor fields source spacetime torsion, which leads to effective corrections to the gravitational 
equations, especially at high densities. While Einstein–Cartan theory permits torsion, it still treats it geometrically.
Our formulation, however:
•	 Encodes torsion algebraically via the Clifford bivector Σμν

•	 Embeds both geometry and spin in a shared algebra
•	 Associates the repulsive term directly with the antisymmetric gamma matrix sector, rather than with a separate 

torsion field
Hence, the present theory generalizes Einstein–Cartan by unifying curvature, torsion, and repulsion as manifestations 
of the algebraic structure of Cl1,3.

Modified Friedmann Dynamics and FLRW Cosmology
To evaluate cosmological consequences explicitly, one can substitute the modified field equation into the Friedmann–
Lemaître–Robertson–Walker (FLRW) metric and derive the modified Friedmann equations.

Assuming the antisymmetric term contributes only at cosmological scales, and under isotropic averaging (e.g., ⟨ΨˉΣμν 
Ψ⟩∝gμν), the field equation reduces approximately to:
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where  eff   I s a time-varying cosmological function, not just Einstein’s cosmological constant  

[27], emerging from spinor bilinear evolution. 

This suggests that cosmic acceleration is governed not by exotic matter or dark energy but by 

vacuum expectation values within the Clifford structure. 

4.5 Phenomenological Advantages 

 No fine-tuned scalar fields: No inflaton or quintessence field needs to be introduced. 

 Unified origin: Both attraction and repulsion are sourced by Clifford structure. 

 Operator-based consistency: Compatible with quantum field theory and spinor 

dynamics. 

 Cosmological flexibility: Admits both inflation and late acceleration regimes [28]. 

 Dynamic suppression: At high torsion or curvature, repulsion may be suppressed — 

resolving early-universe singularity problems. 

Summary 
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where λeff(t)I s a time-varying cosmological function, not just Einstein’s cosmological constant, emerging from spinor 
bilinear evolution [26].

This suggests that cosmic acceleration is governed not by exotic matter or dark energy but by vacuum expectation 
values within the Clifford structure.

Phenomenological Advantages
•	 No fine-tuned scalar fields: No inflaton or quintessence field needs to be introduced.
•	 Unified origin: Both attraction and repulsion are sourced by Clifford structure.
•	 Operator-based consistency: Compatible with quantum field theory and spinor dynamics.
•	 Cosmological flexibility: Admits both inflation and late acceleration regimes [27].
•	 Dynamic suppression: At high torsion or curvature, repulsion may be suppressed — resolving early-universe 

singularity problems.
•	 Summary
•	 The antisymmetric term Λμν

(A) offers a non-scalar, algebraic origin for cosmic repulsion.
•	 It provides a natural explanation for inflation and dark energy without extra fields or constants.
•	 Its connection to spinor dynamics makes it time-dependent, avoiding the cosmological constant problem.
•	 The model is compatible with Einstein–Cartan ideas, but embedded in a richer algebraic structure.

Distance Dependence of the Clifford-Anti-Gravity Term
A crucial distinction between our Clifford-algebraic formulation and standard cosmological models lies in the distance-
dependent nature of the repulsive gravitational term derived from the antisymmetric sector. In contrast to the 
conventional cosmological constant Λ, which is introduced as a scalar multiple of the metric tensor and assumed to be 
spatially uniform and temporally invariant, our antisymmetric contribution, 
⟨ψ ˉΣμν ψ⟩, is a dynamical bivector-valued quantity, sensitive to the configuration of underlying spinor fields and the 
curvature scale of spacetime.

This term arises naturally from bilinear expectation values involving the antisymmetric Clifford generators Σμν, which 
encode intrinsic spin, torsion, and axial features. The effective repulsive strength β(r) , associated with this term, is thus 
expected to vary with distance, unlike the constant behavior of Λ. To explore plausible behaviors for β(r), we consider 
three theoretical profiles that capture different physical mechanisms:

•	 Power-law decay with saturation
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systems. 
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This model implies that repulsion is significant only at short scales but decays rapidly with distance, saturating to 
negligible values at large distances. It reflects strong suppression of repulsion near massive sources, aligning with the 
dominance of attractive gravity in local systems.
•	 Exponential activation     
                                                                   β(r)=1-e-r/rc                                         (26)
Here, rc denotes a characteristic scale (e.g., galactic or Hubble scale), beyond which the repulsive term activates 
sharply. This form models anti-gravity as a late-time or large-scale emergent effect, suitable for explaining the onset of 
cosmic acceleration.

These three profiles are illustrated in Figure 1. All forms predict suppressed repulsion at short distances—ensuring 
compatibility with General Relativity near massive bodies—while allowing for significant repulsive contributions at 
cosmological distances. This behavior provides a natural resolution to the cosmological constant problem by replacing 
a fine-tuned constant with a structurally derived, scale-dependent term rooted in spinor field dynamics and Clifford 
algebra.

Moreover, since the antisymmetric Clifford term is built from quantum bilinears, its expectation value may evolve with 
time or curvature, suggesting that cosmic repulsion could vary across epochs. This opens a pathway for constructing 
fully dynamical cosmological models where early-universe inflation and late-time acceleration arise from the same 
algebraic source, without invoking additional scalar fields or external potentials.

To investigate the spatial behavior of repulsive gravitational effects within the Clifford algebra framework, we analyze 
how the antisymmetric sector—represented by spinor bilinears involving gamma matrix bivectors—contributes to a 
dynamically evolving anti-gravity term. Unlike the traditional cosmological constant, which is spatially uniform and 
constant in time, the Clifford-based repulsive contribution is inherently dependent on spinor field configurations, 
curvature, and scale. In this analysis, we model the effective strength of this antisymmetric repulsive term as a function 
of distance and explore three physically motivated profiles that reflect possible algebraic and quantum mechanisms 
through which repulsion could emerge or saturate at cosmological distances.
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, representing suppressed short-distance 
repulsion. The green curve shows exponential activation β(r)=1-e-r/rc , illustrating a rapid “turn-on” of anti-gravity 
at cosmological scales. The red curve uses a spinor-condensate-inspired form β(r)=tanh(r/rc), mimicking a smooth 
saturation of vacuum expectation effects. All models predict negligible repulsion near massive bodies and dominant 
contributions at large distances, consistent with cosmic acceleration phenomena.

Structural Unification and Theoretical Outlook
In this section, we evaluate the conceptual advantages of the Clifford-algebraic formulation developed here, highlighting 
how it structurally unifies various gravitational effects — attraction, repulsion, torsion, and quantum-spinor dynamics — 
within a single operator-based framework. We compare our theory to conventional approaches and lay out its broader 
theoretical implications.
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From Geometry to Algebra: A New Gravitational Ontology
Traditional General Relativity treats geometry and matter as distinct entities: spacetime curvature arises from the metric 
tensor gμν, while matter fields are introduced externally via the stress-energy tensor Tμν. Coupling occurs variationally, 
but the foundational structures remain separate. In contrast, the Clifford algebra formulation offers a unified algebraic 
ontology:
•	 The metric is derived from symmetric gamma products:
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 The stress-energy of matter fields is constructed from spinor bilinears: 

    Dirac   ifford bi inear 
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•     The Einstein tensor arises from algebraic curvature:	
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•	 The stress-energy of matter fields is constructed from spinor bilinears:
                                     Tμν=”Dirac-Clifford bilinear” 
•	 The cosmic repulsion arises from antisymmetric bilinears:
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•	 All quantities are derived from the internal structure of Cl1,3, without postulated tensors, scalar fields, or external 

potentials. This operator-centric model collapses the geometry–matter divide into a single algebraic system.

Comparative Analysis of Gravitational Models
We summarize the distinguishing features of major gravitational frameworks in the table below:
This table underscores the integrated nature of the Clifford model: it provides the structural tools of GR, the torsion 
features of Einstein–Cartan, the cosmological dynamics of scalar-field theories, and the quantum alignment of spinor-
based algebra — all within one cohesive framework.

Theoretical Outlook: Toward Quantum Clifford Gravity
The use of Clifford algebra brings the theory closer to a quantum-ready formulation:
•	 The algebra is finite-dimensional and non-commutative, resembling operator algebras in quantum field theory.
•	 Fields are naturally spinor-coupled, allowing direct incorporation of fermionic content.
•	 The repulsive term Λμν

(A) behaves like a quantum vacuum expectation value, making the model a candidate for 
dynamical dark energy.

•	 The antisymmetric sector provides a mathematically rigorous alternative to scalar inflatons or quintessence fields.
•	 This structure invites further development toward:
•	 Clifford-path-integral formulations
•	 Matrix-valued curvature models
•	 Operator-based unification with gauge fields or noncommutative geometry
•	 Quantum gravitational corrections derived from algebraic flows or deformation of bilinears
•	 Summary of Section 5
•	 The Clifford algebra approach unifies curvature, torsion, attraction, and repulsion in a single algebraic framework.
•	 It resolves the cosmological constant problem by providing a dynamical, spinor-based origin for repulsion.
•	 It provides compatibility with quantum structures, suggesting a pathway to a non-perturbative quantum gravity.
•	 Compared to other models, it offers both structural parsimony and greater cosmological flexibility.

Conclusions and Future Directions
In this work, we have presented a modified gravitational framework rooted in the algebraic structure of the real Clifford 
algebra Cl1,3, in which the traditional geometric constructs of General Relativity are re-expressed using operator-valued 
bilinears of Dirac gamma matrices. This approach not only reproduces Einstein’s field equations from the symmetric 
sector of the algebra but also reveals a previously unexplored role for the antisymmetric sector, which gives rise to a 
repulsive gravitational component without introducing additional fields or constants.

The key conceptual advances of this framework include:
•	 A metric tensor derived algebraically from symmetric gamma products, recovering the geometric content of GR.
•	 An Einstein tensor constructed entirely from Clifford curvature operators, preserving conservation laws via algebraic 

Bianchi identities.
•	 A repulsive stress-energy term Λμν

(A), dynamically generated from antisymmetric spinor bilinears, offering a structural 
origin for cosmic acceleration.

•	 A unified operator space for geometry, matter, and vacuum effects — collapsing the divide between spacetime and 
quantum fields.

•	 Compatibility with torsion-based extensions such as Einstein–Cartan theory, while extending them through algebraic 
unification.

•	 By embedding both attractive and repulsive gravitational dynamics into the structure of Cl1,3, this framework offers 
a compelling candidate for resolving the cosmological constant problem, the inflationary mechanism, and the 
quantum-gravity interface within a single coherent algebraic system.
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Open Questions and Research Opportunities
Despite the conceptual clarity and internal consistency of this approach, several critical challenges and opportunities 
remain:
•	 Explicit Cosmological Solutions
      How do exact solutions of the modified field equations behave under FLRW symmetry?
      Can we model the full evolution from inflation to dark energy epochs using Λμν

(A)?

•	 Quantization of Clifford Gravity
      Can the operator-valued curvature and spinor bilinears be quantized using path-integral or canonical methods?
      Does this approach offer new insights into singularity resolution or gravitational decoherence?

•	 Generalization to Higher Clifford Algebras
      What happens when extending to Clp,qwith different signatures?
      Could this model provide a geometric unification platform for gauge and gravitational fields?

•	 Lagrangian Formulation and Variational Principle
      Can a unified Lagrangian be constructed such that the modified field equation is variationally derived?
      How does the inclusion of the antisymmetric term affect standard action principles?

•	 Phenomenological Constraints and Observables
      How can Λμν

(A) be constrained by astrophysical or cosmological data?
      Are there torsion-like signatures detectable in gravitational waves or CMB anisotropies?

Final Remarks
The algebraic reconstruction of gravity using Clifford structures represents more than a reformulation — it is a shift 
in the foundational language of gravitation. Geometry, matter, and vacuum are no longer external concepts but arise 
as emergent properties of algebraic structure and symmetry. By resolving the origins of both attractive and repulsive 
gravitational behavior within this framework, we take a step toward a deeper, operator-compatible theory of spacetime 
— one that aligns naturally with the language of quantum fields and offers new routes toward unification.

The framework presented here is not only consistent with established physics — it opens entirely new directions. We 
believe this Clifford-algebraic approach lays the groundwork for a fundamentally algebraic theory of gravity, where 
geometry, quantum fields, and cosmological dynamics are all encoded in the symmetries and structure of spacetime’s 
algebraic backbone.
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