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Abstract

We identify the cosmological dark-energy fraction with the Bogoliubov—Yukalov condensed fraction
of a coherent macroscopic quantum state occupying the cosmological Pleno-ground (the continuous
hyperelastic scalar substrate postulated by PIU). By shifting the ontological paradigm from a QFT
vacuum of diverging zero-point modes to a saturated Bose-Einstein-type continuous substrate, the
historical 123-order-of-magnitude multiplicative fine-tuning problem is structurally reformulated as
an O(1) pure geometric ratio. We are explicit that this is a reformulation, not a derivation of
the absolute vacuum-energy density: the absolute value of pciy remains an open program. The
theoretical identification yields Qp = f. = Sglax’eﬁ/ngX’geom, with the upper bound S2

max,geom
(8/3)1/2/3 [derived] from Kepler-Hales close-packing, and the lower bound S?nax’eﬁ ~ 1.4956
[calibrated] convergently from three independent non-cosmological observables (renormalisation
group, Q-balls, Pleno cosmology). The resulting structural value is QKIU ~ (0.6869, in agreement
with Planck 2018 (0.6847 +0.0073) at 0.300, with zero additional cosmological free parameters. We

also incorporate the V31.10 EO-Curtain ontological reformulation, under which dark energy is the

permanent structural state of the Pleno-ground rather than a dynamical component.

1. Introduction

The cosmological constant problem remains the
most severe quantitative mismatch between the-
ory and observation in the history of physics.
Standard Quantum Field Theory (QFT) predicts
that the vacuum energy, arising from the sum of
zero-point fluctuations of all fundamental fields
up to the Planck scale, should manifest as a cos-
mological constant A. Yet this theoretical predic-
tion exceeds the observed value of dark-energy
density by approximately 123 orders of magni-
tude [1].

In standard cosmology, dark energy is intro-
duced ad hoc to explain the accelerated expan-
sion of the universe, contributing roughly 68.5%
to the total cosmic energy budget [2]. Resolving
the immense discrepancy requires fine-tuning the
bare cosmological constant to an extraordinary
degree to cancel the QFT vacuum contributions.

The Principle of Universal Integrity (PIU)
framework approaches this crisis through an on-
tological shift. In PIU [9], the universe is mod-
elled as a continuous hyperelastic substrate (the
Pleno) that structurally bounds ultraviolet con-
tributions. Dark energy is not the divergent sum
of localised vacuum modes; rather, it is the resid-
ual structural tension of the Pleno acting as a
coherent macroscopic Bose—Einstein-like conden-
sate.

A precise statement of what is reformu-
lated. A central commitment of the present pa-
per is epistemic honesty about what is achieved.
We do not claim to derive the absolute value of
Pvac from first principles, nor to resolve the di-
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mensional formulation pp/pcrit ~ 1 in abso-

lute terms. What we do claim is a translation
of the question: PIU recasts the cosmological-

constant problem into a dimensionless geometric



question—the condensed fraction f.—which does
admit an O(1) prediction with zero additional
cosmological free parameters [9]. The absolute
critical density perit remains within an open pro-
gram (F-cosmo-1, V31.8).

2. The Pleno as a coherent condensate

The PIU framework governs the Pleno via a tri-
partite complex scalar Lagrangian Lp;, in which
the field amplitude S encodes the local substrate
density and the phase 6 encodes its hydrody-
namic flow. At the cosmological scale, the uni-
verse is not an empty geometrical void but a filled
substrate characterised by a minimal structural
ground-state density Smin [9]-

A formal structural correspondence between
the non-relativistic limit of £Lp; and the Gross—
Pitaevskii equation [3, 4] establishes the Pleno
as a macroscopic self-interacting condensate
(V31.10 §4.bis.bis, status [DLF] pending fully
closed algebraic derivation). In the thermalised
post-cascade regime of the cosmos, the total
available “quanta” of the Pleno are partitioned
between the coherent macroscopic ground state
and the depleted localised excitations (topologi-
cal baryons and scalar dark matter).

Under Bogoliubov’s theory of interacting Bose
gases [5] and Yukalov’s formulation of quantum
depletion [6], the total macroscopic state exhibits
a characteristic condensed fraction f.. Because
the amplitude squared S? in the PIU formalism
maps to the relative particle density n/ng under
the Bogoliubov—Josephson identification [9], the
density parameters are dimensionless geometric
ratios rather than absolute energy densities. This
is the structural reason the cosmological-constant
problem can be reformulated as a packing prob-
lem.

Dark energy under the EO-Curtain read-
ing (V31.10). The V31.10
duces the FEO-Curtain ontological reformulation

corpus intro-
(§14.quater of [9]): dark energy is the permanent
structural state of the Pleno-ground (S = Spin),
not a dynamical component subject to gravita-
tional accretion. Three convergent arguments
support this reading. Empirically, if dark en-
ergy were attractable, one would observe “dark-

energy wells” around supermassive black holes,

with local correlation between ppo and gravita-
tional potential; none is detected. Structurally,
V31.10 F6 states pmatter = pp[S? — anin}, S0
matter is the perturbation over the structural
background. Dynamically, the equation of state
w = —1 with T}, < g, is consistent with a ho-
mogeneous structural property. The quantitative
prediction Qo = f. is preserved; what changes
is its interpretation: (o is no longer “the frac-
tion of energy carried by a cosmological compo-
nent” but “the structural ratio between the grav-
itational effect of the background and the total
gravitational effect”. The two readings are obser-
vationally equivalent under conventional coordi-
nate analysis.

3. Derivation of the dark-energy frac-
tion

In standard ACDM the energy budget satisfies
Qp + Qp = 1. In the PIU framework, the to-
tal cosmic budget corresponds to the maximum
saturation capacity of the Pleno lattice. Dark en-
ergy (Qpo) corresponds uniquely to the coherent
undisrupted background state, while all localised
matter (dark and baryonic) constitutes the de-
pleted excited modes.

The fraction of dark energy is therefore onto-
logically identified with the quantum condensed
fraction:
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max,eff

max,geom

(1)

3.1. Geometric upper bound:
Hales

Kepler—

The Pleno maps locally to a discrete bipartite
diamond lattice (Z = 4) in its saturation regime
(Manuel-V31 hypothesis of the geometric support,
[9] §0.bis.4). The maximum absolute saturation
limit is the Kepler—Hales close-packing bound for
interlocking polyhedra [7]:

8 [2
7 axgoom = 3\/; ~ 2.1773.

Epistemic status: Eq. (2) is [derived] in
V31.7 of the corpus via Kepler-Hales geome-

(2)

try applied to the saturated Pleno under the
Bogoliubov—Josephson identification [9].



3.2. Effective upper bound: S?

max,eff

Physical substrates undergoing extreme quantum
coherent states cannot reach perfect geometric
packing because of quantum pressure (Klauder
affine wall V;) and structural frustration. The
effective saturation, set by the topological stabil-
isation potential Viop, of the F1 Lagrangian, has
corpus-canonical value

S axef = 14956 £3.9 x 107°. (3)
Epistemic status: Eq. (3) is [calibrated] in
V31.7-V31.10 of the corpus [9]. The calibra-
tion is convergent across three independent non-
cosmological channels: (i) renormalisation-group
analysis of the Gent potential (Appendix K cor-
rected); (i) Q-ball mass scale Mg (Appendix
QQ); (iii) Pleno cosmology equations of state F6,
F12. The numerical agreement across three in-
dependent channels is what permits us to claim
“zero additional cosmological free parameters”
the value is fixed by non-cosmological physics and

only evaluated against cosmological data here.

3.3. The structural prediction

Substituting (3) and (2) into (1) yields

1.4956
— 770 . +2x107°
51773 0.6869 4 2 x 10

QPIU

(4)

where the uncertainty is propagated from the cal-

. . 2
ibration error on Smax,eﬁ.

4. Observational agreement and the
10'% problem

4.1. Comparison with Planck 2018

The Planck Collaboration reports the dark-

energy  fraction  from  cosmic-microwave-

background anisotropies [2]:

QP = 0.6847 £ 0.0073. (5)
The PIU structural prediction (4) differs from the
This is a sub-
o agreement from the purely structural mechan-
ics of the Bogoliubov—Yukalov condensate ratio,
with no additional cosmological fit.

Planck central value by 0.300.

4.2. Bayesian context (V31.10 closure of
C-meta-1)

A natural objection to a single-number predic-
tion is sophisticated numerology: with enough
free choice of algebraic combinations, one can
match any one observable by accident. V31.10
[9] closes this objection quantitatively (Block G).
The space of elementary algebraic formulas
on the alphabet {1,2,3,4,7,e} with operators
{+,—, %, +,+/-1n, (-)2} is enumerated computa-
tionally up to Kolmogorov complexity N = 5
(3778 distinct expressions). For each of the two
cosmological structural predictions of the corpus
(Qvo/ = V37 and Qo = f.), the probability
under the null hypothesis Hy (chance numerolog-
ical coincidence) of falling within the 20 observa-
tional window is bounded:

P(Dy,Ds | Hy) < 3x 1074

The corresponding cosmological Bayes factor is

P(D1, Dy | Hpy)

~ 6.7 x 10°,
P(Dy, Dy | Hy)

K. =

stable in log;o K. € [5.40,5.94] for N € {3,4,5}.
On the Jeffreys (1961) scale, log;q K. ~ 5.83 cor-
responds to decisive evidence by approximately
four orders of magnitude over the critical thresh-
old (cosmological sector alone). Even a scepti-
cal prior P(Hpry) = 107% updates rationally to
~ 40% posterior on the cosmological sector alone.

4.3. Resolution of the multiplicative fine-
tuning

The 10'?3 discrepancy in QFT arises from assum-
ing that the vacuum is an infinite reservoir of ad-
ditive zero-point fluctuation modes defined over
an empty metric spacetime. In PIU, the ultravio-
let modes are strictly truncated by the finite rigid-
ity of the substrate (Axiom A4, Kpax = 1/0p)
and the hard density bound S2.. .com [9]. The
macroscopic energy density of the universe is not
the sum of microscopic fluctuations but the global
cohesive tension of the coherent Pleno-ground.

The colossal multiplicative factor is therefore
not summed: it is structurally absent. The prob-
lem is translated from an ultraviolet momentum
integral to a macroscopic packing problem gov-
erned by an O(1) ratio, 1.4956/2.1773.



Epistemic status: What this paper claims — (decisive on the Jeffreys scale).

and does not claim. We claim: (i) a reformula-
tion of the cosmological-constant problem from
a divergent multiplicative integral into an O(1)
structural geometric ratio; (i) a structural pre-
diction Qp = 0.6869 in 0.300 agreement with
Planck 2018, with no additional cosmological free
parameters (the parameter Sﬁlax’eﬁ being cali-
brated convergently from three independent non-
cosmological observables). We do not claim: (a)
a derivation of the absolute value of the vacuum-
energy density pyac from first principles; (b) a res-
olution of the dimensional ratio pp/perit ~ 10122
in its raw form. These remain within an open
programme (F-cosmo-1, V31.8) and are explicitly

outside the scope of the present paper.

5. Epistemic ledger

Result PIU corpus status

Qp = f. identification, [derived] (Block F.1,

Eq. (1) V31.9; composition of
Fl-a V31.6, Theorem M2
V31.3, F6 V31.8)

S ax. geom = [derived] (V31.7,

(8/3)\/2/3, Eq. (2) Kepler-Hales on  satu-
rated Pleno)

anax"eff = 14956 + [calibrated] (RG, Q-

3.9 x 1075, Eq. (3) ball M, Pleno cosmology)

QLU = 0.6869, [derived] from above, no

Eq. (4) additional cosmological fit

Bayesian closure C- [derived] (V31.10

meta-1, K. ~ 6.7x10° Block G)

EO-Curtain ontologi- [articulated] con-

cal reading sequence of F6 V31.8

(V31.10 Block J)

6. Conclusion

By identifying the dark-energy component of
the universe with the macroscopic Bogoliubov—
Yukalov condensed fraction of the Pleno-ground,
the the long-
standing cosmological-constant problem from a

PIU framework reformulates

multiplicative fine-tuning of 1023 into an O(1)
geometric packing question. The reformulation
yields a structural prediction QiIU ~ 0.6869, in
0.300 agreement with Planck 2018, with zero ad-
ditional cosmological free parameters. The corpus
V31.10 closes the natural “sophisticated numerol-
ogy” objection with a Bayes factor K. ~ 6.7 x 10°

We have been deliberate about the difference
between reformulation and absolute resolution:
the absolute value of py,c remains an open pro-
gramme. What this paper provides is a struc-
tural redefinition of the question into a form that
admits a single-number prediction matching ob-
servation, paired with the V31.10 EO-Curtain on-
tological reading under which dark energy is a
permanent structural state of the Pleno-ground
rather than a dynamical fluid.
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