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1 Introduction

The Multiscale Entanglement Renormalization Ansatz (MERA) is a powerful tensor network
ansatz designed to efficiently represent quantum many-body states, especially those with long-
range entanglement or critical behavior. Its key innovation is the use of disentanglers —
unitary operators that remove short-range entanglement before coarse-graining.

This document presents the mathematical structure of MERA disentanglers and explores —
**hypothetically** — how they could contribute to the emergence of Stevenson-Flux Informa-
tion Theory (SFIT) as a low-energy effective description from underlying quantum geometry.

2 Basic Structure of MERA

MERA represents a quantum state on a 1D chain (or higher-dimensional lattice) through a
layered network consisting of two types of tensors:

e Disentanglers u: unitary operators acting on neighboring sites.

e Isometries (coarse-graining tensors) w: maps from fine to coarse degrees of freedom.
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The full MERA state for a system of size N = 2% is built by applying L layers of disentanglers
and isometries from the ultraviolet (fine) scale to the infrared (coarse) scale.

3 Mathematics of Disentanglers

3.1 Definition
A disentangler u is a unitary operator acting on two neighboring sites (or bonds):
wlu = vl = .

In matrix form, for a two-site Hilbert space of dimension d x d, u is a d?> x d? unitary matrix.

3.2 Action on the State

Consider a fine-grained state [¢)). A disentangler layer acts as

') = <® Uz) ),

where the product runs over all neighboring pairs. The goal is to minimize short-range entan-
glement so that the subsequent coarse-graining step loses as little information as possible.

3.3 Coarse-Graining Isometry

After disentangling, an isometry w maps two fine sites into one coarse site:
wTw = J'léﬁne? wa < Feoarse-

The isometry satisfies the isometric condition, ensuring that the coarse-grained state remains
normalized.
The combined disentangler + isometry layer transforms the state from scale n to scale n+ 1:

o) = (Qwr) (@) lim):

4 Entanglement Renormalization Flow

The central idea of MERA is that disentanglers remove short-range entanglement, allowing
the coarse-graining isometries to capture longer-range correlations efficiently. This leads to a
renormalization group flow in which entanglement entropy scales appropriately with system
size.

The entanglement entropy S across a cut after [ layers behaves as

S(l) =~ clog(&/a) + constant,

where c is the central charge (for critical systems) and £ is the correlation length. Disentanglers
are optimized to minimize the entanglement that would otherwise be lost during coarse-graining.

Mathematically, the optimization of disentanglers is often performed by minimizing a cost
function such as the difference in entanglement entropy or the fidelity between the original and
coarse-grained states.



5 Hypothetical Connection to SFIT Emergence

5.1 Disentanglers and Memory Kernel

In a gravitational context, disentanglers could remove short-wavelength quantum geometry fluc-
tuations while preserving long-range correlations induced by the background gravitational field.
The residual long-range entanglement after many layers could generate a non-local memory ker-
nel whose inverse Fourier transform yields the KWW stretched exponential observed in SFIT:

t B

= :
The stretching exponent 5 = K = 1.060 would then be related to the scaling dimension of the
disentangler flow.

¢(t) o exp

5.2 Emergence of the Quantum Heartbeat

The 1.20134 mHz resonance could emerge as a collective mode that survives the disentangling
layers. Each layer integrates out high-frequency modes, leaving a coherent low-frequency os-
cillation that couples to quantum probes (ultra-cold neutrons). The frequency vy would be
determined by the fixed-point structure of the MERA flow in the presence of the gravitational
gradient.

5.3 Non-Reciprocal Correction

Standard MERA is usually isotropic. However, in a gravitational background with a preferred
radial direction, the disentanglers can acquire a directional bias. This asymmetry naturally
produces the non-reciprocal metric perturbation hgfIT (t) in SFIT.

5.4 Coupling Kernel K

The coupling kernel K can be interpreted as a scaling exponent of the renormalization group
flow: .
K = lim 10g<¢n+l ’Oﬂux|'¢n+l>

=00 10g<¢n ’Oﬂux|¢n>

where Oﬂux measures information-carrying fluctuations between layers. The observed value
K =1.060 indicates a mildly relevant operator in the flow.

6 Conclusion

The mathematics of MERA disentanglers — unitary operators that systematically remove short-
range entanglement before coarse-graining — provide a powerful framework for deriving effective
low-energy theories. In a hypothetical gravitational setting, disentanglers could integrate out
Planck-scale quantum geometry fluctuations while preserving collective long-wavelength modes
that manifest as the SFIT Quantum Heartbeat at 1.20134 mHz, the coupling kernel K = 1.060,
and the KWW relaxation tails.

This picture offers a concrete tensor-network pathway for the emergence of SFIT from under-
lying microscopic quantum geometry. It motivates further study of MERA-like renormalization
flows on spin-foam models with background gravitational fields.
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