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Abstract

We propose an operational framework in which spacetime geometry and gravitational
dynamics emerge directly from quantum correlations in a many-body system. Utilizing
Multiscale Entanglement Renormalization Ansatz (MERA) networks, we derive an effective
metric based on mutual information. We demonstrate that Einstein’s field equations arise
from a variational principle applied to the total entropy, providing a theoretical link between
entanglement density and the cosmological constant.

1 Motivation and Background

The long-standing incompatibility between General Relativity and Quantum Mechanics suggests
that spacetime may not be a fundamental entity but an emergent phenomenon. We utilize
the MERA framework to provide a discrete realization of the holographic principle, where the
geometry of the bulk is an operational manifestation of the information density at the boundary.

2 Mutual Information and Operational Distance
We define the effective distance d(A, B) between subsystems as a function of their mutual
information I(A : B):

d(A, B) = Lo log <m) (1)

where Ly represents the Planck scale. This measure ensures that highly correlated subsystems
are geometrically close, providing a natural ultraviolet cutoff for the emergent space.

3 Emergent Geometry from MERA

The discrete distance measure induces a continuous spacetime metric. The emergent line ele-
ment is defined via the Hessian of the mutual information:
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This construction shows that in the continuum limit, the network’s topology converges to an
AdS-like hyperbolic geometry.



4 Emergent Gravitational Dynamics

By extremizing the total entropy 6Siotal = 0 (including entanglement and matter contributions),
we recover the Einstein field equations:

1
R,uz/ - 539;“/ + Aeffg;w = 87rGefprz/ (3)
The effective cosmological constant Aeg is fixed by the system’s information capacity IV, yielding
Aest ~ 1/(LEN).
5 Physical Interpretation and Testability

We propose experimental protocols to verify this information-geometry correspondence using
NISQ devices. By performing quantum state tomography on 20-50 qubit systems, the predicted
correlation-to-curvature ratio can be empirically tested.

6 Discussion

This model extends the thermodynamic approaches of Jacobson and Verlinde by providing an
explicit derivation of the metric tensor. The emergence of the cosmological constant from the
network’s capacity provides a novel solution to the fine-tuning problem.

7 Conclusion

Spacetime is a macroscopic shadow of underlying quantum information patterns. Our framework
successfully derives gravitational dynamics from entropic principles, suggesting that the path
to quantum gravity lies in information theory.

8 Limitations and Future Directions

Future work will focus on the full derivation of the Lorentzian signature from first principles
and the integration of non-Abelian gauge fields into the tensor network structure.
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