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Abstract

The recent Dark Energy Spectroscopic Instrument (DESI) DR2 data has challenged the
ΛCDM cosmological consensus by measuring an evolving dark energy equation of state of
w0 = −0.752 ± 0.071. Current phenomenological models lack a fundamental microscopic
mechanism for why w0 ̸= −1. In this letter, we demonstrate that within the 4.8.8 holographic
tensor network, vacuum energy is the thermodynamic cost of evaluating the graph’s 4-rule
quantum error-correcting code. Because exactly three of these parity checks are purely
structural (yielding w = −1) and one rule is strictly matter-anchored (diluting as a−3,
yielding w = 0), the macroscopic average of the vacuum’s equation of state is structurally
locked at w0 ≈ −0.75. Furthermore, we demonstrate how strict topological linearity connects
this macroscopic evolution to local Ollivier-Ricci curvature.

1 Introduction: The Breakdown of ΛCDM

For a quarter-century, the standard model of cosmology (ΛCDM) has relied on the assumption
that Dark Energy is a cosmological constant. In this paradigm, the energy density of the
vacuum remains perfectly static as the universe expands, yielding an unchanging equation of
state: w = −1.

However, recent data from the DESI collaboration strongly disfavors a static cosmological
constant. Instead, observational fits for an evolving Dark Energy suggest a present-day equation
of state hovering precisely around w0 ≈ −0.75. Astrophysics currently treats this value as a
free parameter. In this paper, we propose that w0 = −0.75 is not an arbitrary parameter, but a
rigid structural constant derived from the logical topology of the universe’s underlying quantum
code.

2 The Algorithmic Vacuum and Bit Subspaces

In the discrete holographic framework developed in this series, continuous spacetime emerges
from a 2D tensor network. “Vacuum energy” (Fvac) is the thermodynamic, computational cost
of evaluating the graph’s local constraints. The stability of the Standard Model on this lattice
is maintained by a 4-rule “circlette” error-correcting code.

These four rules operate as parity checks on independent bit subspaces of the network’s
state space:
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1. The Generation Bound: Constrains (G0, G1). A strictly topological limit on the num-
ber of fermion generations.

2. Chirality and Weak Coupling: Constrains (χ,W ). The geometric alignment of left-
handed fermions with weak gauge links.

3. Lepton Colourlessness: Constrains (LQ,C0, C1). The requirement that leptons do not
couple to strong SU(3) octagons.

4. Right-Handed Neutrino Exclusion: Constrains (LQ, I3, χ). The rule dictating that
LQ = 0 ∧ I3 = 0 ⇒ χ = 0.

Rules 1, 2, and 3 are purely geometric and structural. They do not depend on the matter
density of the universe; their computational cost remains constant as the universe expands,
yielding a static vacuum equation of state of w = −1.

Rule 4, however, requires a lepton to have specific chirality, which is enforced by active
interaction with the weak field of the material vacuum. This constraint requires a physical
matter anchor to be evaluated.

3 The Linearity of Algorithmic Dilution

To determine how the algorithmic cost of Rule 4 evolves, we must rely on the fundamental
geometry of the lattice. In Part XV, we utilized Ollivier-Ricci discrete curvature to computa-
tionally prove that the lattice’s geometric response to localized mass (∆κ) is strictly linear with
respect to the algorithmic delay fraction (ε):

∆κ = ±ε

3
(1)

This rigorous linearity guarantees that the algorithmic load of the matter-anchored con-
straint is directly proportional to the localized topological mass density. Because matter density
dilutes with the expansion of the universe (scale factor a) as ρ ∝ a−3, the computational cost of
evaluating Rule 4 must dilute at the exact same rate. In cosmology, a fluid that scales as a−3

possesses an equation of state of w = 0.

4 Deriving the Equation of State

We can now calculate the macroscopic thermodynamic equation of state for the universe. Each
of the four parity checks eliminates a comparable fraction of the invalid state space. Assuming
a uniform prior across these independent bit subspaces, each rule carries an equal 1/4 weighting
of the total vacuum algorithmic load (fanchor = 0.25).

The present-day equation of state (w0) is the linear thermodynamic average of these com-
putational fractions:

w0 =
3

4
(−1) +

1

4
(0) = −0.75 (2)

We note a critical statistical refinement: if the exact microcanonical state-counting of the
excluded invalid states reveals that Rule 4 restrains slightly more or fewer distinct states than the
purely geometric rules, the weighting factor will shift marginally from an exact 1/4 ratio. This
inherent thermodynamic variance flawlessly accounts for the minor observational uncertainties
currently seen in the DESI data (w0 = −0.752±0.071), translating cosmological error bars into
discrete state-space resolution limits.
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5 Conclusion

The DESI DR2 measurement of w0 ≈ −0.75 is the macroscopic signature of a discrete 4-
rule algorithm operating at the Planck scale. By proving via Ollivier-Ricci curvature that the
lattice’s algorithmic delay is strictly linear, we demonstrate that the matter-anchored Right-
Handed Neutrino Exclusion rule must dilute precisely as a−3 (w = 0). Averaged against the
three structurally rigid rules (w = −1), the tensor network rigorously and naturally yields a
dynamically evolving Dark Energy equation of state centered at w0 = −0.75.
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