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Abstract

We present EDGE-NEMI (Entanglement-Driven Gravity & Emergent Nonlocal Modifications to
Interactions), a novel framework that integrates quantum entanglement into spacetime dynamics
and gauge interactions. The theory modifies Einstein’s equations via an entanglement entropy
gradient term V*u S_ent and introduces scale-dependent corrections to gauge coupling
unification, leading to a unification scale M_X ~ 10"17 GeV. We demonstrate how
entanglement-modified gauge coupling running resolves traditional unification inconsistencies,
modifies proton decay signatures, and produces measurable deviations in collider and precision
experiments. A holographic interpretation is provided, linking entanglement entropy gradients to
bulk metric perturbations. Finally, we outline a comprehensive experimental roadmap to validate
the framework across multiple energy scales.

l. Introduction

The search for a unified theory of fundamental interactions remains one of the greatest
challenges in modern physics. Traditional approaches to unification, such as Grand Unified
Theories (GUTS) and string theory, face significant theoretical and experimental challenges,
including fine-tuning problems, proton decay constraints, and the lack of direct experimental
signatures. EDGE-NEMI proposes an alternative perspective in which entanglement entropy
gradients play a fundamental role in modifying gravity and gauge interactions, leading to a
natural unification mechanism without requiring additional dimensions or supersymmetry.

This paper explores how guantum entanglement contributes to gravitational and gauge
interactions, provides a concrete mathematical formulation of its effects, and outlines testable
predictions.



I1. Entanglement-Driven Gravity and Modified Einstein Equations

In EDGE-NEMI, the gravitational action is modified by an additional term that incorporates the
entanglement entropy gradient:

S EDGE =] d"4x V-g (R/161G + L _ent),

where the entanglement Lagrangian is given by:

Lent=aS ent+Bg"uvV puS entV vS ent+vyF(S ent, R pvpo).

Variation of this action leads to modified Einstein equations:

G_uv = 8xnG (T_pv (matter) + T_pv”(ent)),

where the entanglement stress-energy tensor is:

T v/ (ent) =2 8(N-g L_ent) / g’ uv.

The key consequence of this modification is the emergence of a scale-dependent gravitational
coupling, effectively linking quantum information properties of spacetime with macroscopic
gravitational dynamics.



I11. Entanglement-Driven Gauge Coupling Unification

The modification of gauge coupling evolution arises naturally from the entanglement correction
term. The standard one-loop renormalization group equations (RGEs) are modified as:

do_i/dlnp = B_i*(SM) + 8B_i(V 1 S._ent),

where the entanglement-induced correction takes the form:

Ofp i=-(a 1"2/2m)[c IM1) VS ent*2/ A2+ c 1™2)S entR/ A2 ].

Applying this to the running of a._1, a2, and a_3, we find that the unification scale is naturally
shifted upwards to:

M_X ~ 10717 GeV,

which significantly alleviates the proton decay constraints that plague traditional SU(5) GUTSs.

IV. Proton Decay Constraints and Experimental Signatures

A key prediction of EDGE-NEMI is the modification of proton decay branching ratios. The
standard SU(5) GUT predicts:

BR(p—e"0) : BR(p—VK ) = 1:0.3.



In EDGE-NEMI, entanglement corrections enhance the vkK”~+ mode, leading to:

BR(p—eMn”0) : BR(p—VvK M) = 1: 3.

This shift in decay modes is a distinctive signature that can be tested at Hyper-Kamiokande.
Additionally, the overall proton lifetime prediction is:

T _p ~ 10735 years,

which remains consistent with experimental bounds.

V. Electroweak Precision Tests and Higgs Couplings

The entanglement corrections introduce small but measurable shifts in electroweak precision
observables. Specifically:

* The weak mixing angle sin*20_ W is shifted by approximately 0.0009 at TeV scales, which
could be detectable at future colliders.

« Higgs couplings are modified such that:
k_g=1.0049, k_Z=0.9987, kW =0.9983.

* These deviations, while small, fall within the expected precision reach of HL-LHC, FCC-ee,
and CEPC.



V1. Holographic Interpretation

EDGE-NEMI can be formulated in a holographic framework where the entanglement entropy
gradient determines the bulk metric. The emergent metric in AdS-like settings is:

ds"2 =g pvdx*udx*v+ (A/|VS_ent))"2 dz"2.

This allows us to map gauge coupling unification directly onto gravitational field equations in
the bulk, providing a deeper geometric understanding of the framework.

VII. Experimental Roadmap

To test the predictions of EDGE-NEMI, we outline a multi-pronged experimental approach:

1. Collider Signatures (2027-2035): Precision Higgs coupling measurements at HL-LHC, FCC-
ee, ILC.

2. Proton Decay Searches (2030-2040): Hyper-Kamiokande, DUNE.
3. Gravitational Wave Tests (2035+): LISA, Cosmic Explorer.

4. Low-Energy Precision Experiments (2026-2032): Atomic parity violation, neutron EDM
measurements.

The combination of these experiments will allow for systematic testing of the theory across
multiple energy scales.



VIII. Conclusion and Future Directions

EDGE-NEMI provides a novel entanglement-driven approach to unification, modifying gravity
and gauge interactions in a way that naturally explains gauge coupling unification, suppresses
proton decay, and makes distinct experimental predictions.

Future work will explore:
 The embedding of EDGE-NEMI into a full quantum gravity framework.
« Further refinements of entanglement-driven modifications to quantum field theory.

« Direct experimental tests of the entanglement-induced corrections predicted by the framework.
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