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Abstract

The preceding essay ended on a claim about reach: the Vacuum.Net theory contains only one kind
of closure, so if the quantization law of closure depth holds, it holds at every rung — a stored item,
a human being, an electron, the universe as a whole. A law that claims the top rung must say
something checkable about the top rung. This essay pays that debt, and it pays it in full: every
element found is written out, each carrying its status — theorem, measured, derived, archive-fixed,
hypothesis, or open calculation — so that nothing is smoothed over and nothing is conspicuously
absent. The chain runs as follows. Peter Rowlands' A Critical Value for Dark Energy
(arXiv:1306.4620) shows, from the Friedmann equations and Planck data alone, that at the critical
value ©_A = 2/3 the cosmological constant is A = 2H? and the cosmic acceleration is a = Hy?r,
whose exact integral is the Hubble law v = Hor: recession and dark energy are one process, doubly
read, governed by one constant — with the magnitude in print since 1979, nineteen years before the
acceleration was discovered. Evaluated at the Hubble radius this acceleration is cHy; divided by one
full phase winding, 27, it lands numerically on the measured galactic transition acceleration ag =
cHo/2m. The Comma paper's closure pairs (n,m) — the convergents of log,3 — govern the vertical
ladder of admissible depths; 25 governs the circular closure of each winding; and the geometric
reading that unites them is a spiral, in which expansion is the radial component and phase the
circular component of one and the same closure, with the comma as the mismatch a spiral
necessarily carries. Read this way, the result bears on four standing problems of current physics —
the nature of dark energy, the coincidence problem, the cosmological-constant problem, and the
Hubble tension — and enters the live DESI debate at an unoccupied position: A « H2, dynamical
but law-like. All of it hangs on one calculation that does not yet exist, and the essay specifies that
calculation precisely: the coarse-graining of the knot network that must deliver, in a single
derivation, the rung structure, the coupling number 25, and the dimension of stable closure — three
obligatory outputs, each already pinned by measurement. The test battery closes the essay:
convergence of €_A on 2/3, the refit of public likelihoods with A « H2, the predicted kink in Ho(z)
at z= 0.6—1.3, and the MAZE depth jump 19 — 65/41 — one law, falsifiable at rungs sixty orders
of magnitude apart.

1. Where the Comma left off — restated in full



The essay is self-contained; the needed results of the first paper are given completely, not by
reference.

The two ladders (theory structure). Vacuum.Net runs on two ladders. The dimensional ladder
doubles — 1,2,4,8 — the same doubling that generates the four normed division algebras and
stops, by Hurwitz's theorem, at eight. The address ladder triples: the elementary symbol of the net is
the balanced trit {—1, 0, +1}, and every addressing layer multiplies the number of distinguishable
addresses by three. The theory has one existence rule: nothing is stored, and nothing exists as a
thing, unless it returns to itself. A winding that returns is a knot; a period that closes is an address.
Closure is the criterion, and there is no second kind of closure anywhere in the theory.

The mathematics (theorem). Two ladders with steps x2 and x3 never meet exactly, because o =
log,3 is irrational. A depth at which they coincide as closely as possible satisfies 2 Am = 3 n, i.e. m/n
=~ log,3, and the continued fraction of log,3 generates the record approximations — the
convergents:

3/2,8/5,19/12,65/41, 84/53, 485/306, ...

hence the closure pairs and their residues, computed in full:

n m residue 2 Am/ mismatc
(triplings) (doublings) 3An h
2 3 0.8889 11.1 %
8 1.0535 535 %
12 19 0.9865 1.35 %
41 65 1.0115 1.15 %
53 84 0.9979 0.21 %
306 485 1.0010 0.10 %

The record property is a standard theorem of continued-fraction theory (Khinchin): before the next
convergent there exists no rational approximation with smaller denominator and smaller error |
n-log>3 — ml. The residue at (12,19) is the Pythagorean comma, 312/21° = 531441/524288 =
1.013643... = 23 .46 cents: twelve pure fifths overshooting seven octaves by 1.35%, the debt every
tuned piano carries. The historically serious equal divisions of the octave — 12, 19 (Salinas, 1577),
53 — are exactly the convergent denominators. The theory's two structural numbers appear in the
table as successive records of one sequence: the dimensional ladder ends at 8, the (5,8) record; the
MAZE encoder closes, measured, at 19.

The hypothesis (hypothesis, made falsifiable). The number theory does not by itself prove that a
physical net can only close at these depths. The first paper's physical claim is the implication chain

stable physical closure = record-small mismatch = continued-fraction convergent,

in which the second arrow is theorem and the first arrow — and only the first — is the new physics,
deliberately formulated so that it forbids things: any stable closure depth in the band 20—64 (with
the single exception of 41) falsifies the law.



The prediction (falsifiable). A memory that outgrows its depth may not deepen gradually; it must
jump — 19 — 65 if the encoder's nineteen is the m-coordinate, 19 — 41 if it is the n-coordinate.
The measurement decides the coordinate and tests the law in the same run.

The overshoot fingerprint (derived consequence). Capacity counts and admissible depths need
not match. One human life stores on the order of 10° distinguishable items; a closure of the whole
of humanity needs roughly 102°, which a smooth ladder would serve at depth = 42 — but 42 lies in
the forbidden band, so such a closure sits at the next record with orders of magnitude of excess
capacity. A closure carrying the universe's information content would naively require = 250 layers;
that depth is forbidden; the closure sits at the record beyond it. Quantization always overshoots, and
the overshoot is its signature.

The residue as tension (two-layer law). No record closes completely: each is open by its residue
— 5.35% at (5.,8), 1.35% at (12,19). In the two-layer language of the theory the closed part is
address and the residue is tension the closure permanently carries: a comma's worth of stress built
into every stored structure, in principle measurable.

The reach (theory-internal consequence). Because the net contains no second kind of closure, the
law — if it holds — holds at every rung, and the universe itself is a memory stemmed to the same
comma. That sentence closed the first paper. This paper opens at its consequence: if the universe is a
closure, its closure must be visible from inside, in the measured quantities of cosmology.

2. What the top rung must look like

A closure in the net is a winding that returns to itself: a sustained process holding its own tension on
a gradient, with throughflow. Seen from inside such a winding, three things must be true, and each
is checkable.

First, one governing rate: the rate of the winding, from which the large-scale kinematics derive —
not several independent constants coexisting by accident. Second, expansion and acceleration as
one motion: a winding's radial progress and its return are aspects of a single process, so whatever
drives the recession of the galaxies and whatever accelerates it must be one phenomenon, doubly
read. Third, structural incompleteness: the residue is load-bearing, so the universe's books should
not balance exactly, and the imbalance should be persistent and computable, not noise to be
systematics-hunted away.

The honest test is not to build a new cosmology satisfying these demands but to check whether
accepted cosmology, read carefully, already does.

3. Rowlands' result — the full derivation (derived, within
accepted physics)

The derivation fits on a page and exceeds nothing in a first-year course. That is the point: no
conjectural or speculative element, in the author's own insistence.

The Hubble parameter is the normalised expansion rate H = R/R, measured as v/r; the Hubble
constant Hy is its present value; the Hubble radius is r_H = c/Hy, so that at the present time

v=Hor=cr/r_H. (1)



The first Friedmann equation without cosmological constant,
H?2 = (8nG/3)0 — ke#/R?, (2)

defines at zero curvature the critical density

o_crit = 3H%8nG, (3)

and the density parameter €2 = 9/Q_crit has, since Boomerang (2000), converged on the critical
value 1: the universe is flat, to the percent level in the Planck data. The value 1 is critical in the
strict sense — it separates three qualitatively different geometries — and once the data land on it,
"why this number?" dissolves into "because the universe is flat."

The hypothesis of the paper: the dark-energy component has a critical value of the same kind,
Q_A = g_vac/g_crit = 2/3 exactly. (5)

At the time of writing, every Planck 2013 combination contained it: 0.6825 best fit and 0.686 +
0.020 (Planck XVI); 0.6964 with lensing; 0.6817 with WMAP; 0.67 (+0.027/-0.023) from
temperature anisotropies alone.

The consequences, each one line. Substituting (5) into (3):

o_vac = Ho%4nG (6) — the vacuum density; =P = Ho**4nG (7) — the equivalent negative
pressure; A = 8wG@_vac = 2Ho? (8) — the cosmological constant, pinned to the expansion rate.

Carrying P through Friedmann's acceleration equation and writing the result as force per unit mass
in a uniform Hubble universe of density Q:

F=Gm/r2 - Hor = (4nGo/3 -He? 1, (12)

so the acceleration responsible for the dark energy is

a=v¥r_H=Hgyx. (13)

The decisive step. Write a = v-dv/dr = Hy?r and integrate from O to v and O to r:
v = Hor. (15)

The integral of the dark-energy acceleration is exactly the Hubble red-shift law — an identity, not a
fit. The direction of the implication carries the physics: the velocity is derivable from the
acceleration, so the acceleration, whatever its origin, is responsible for the velocity. The recession
discovered in 1929 and the acceleration discovered in 1998 are one process, parameterised by one
constant. Demands one and two of §2 are met, inside accepted physics, by equations (13) and (15).

The Machian second route (context, not derivation). Sciama (1953) proposed explaining inertia
through a gravitomagnetic inductive force; equating the inertial field of the total Hubble mass m_H
to its gravitational field Gm_H/r_H? via the equivalence principle gives

a=cxr/r_H2=Hp (21)

again — Mach's principle producing the same number. Rowlands is explicit that this route provides
context only; the equation stands on the data alone.



The prior prediction (historical fact, decisive for weight). The relation a = Hy?r appears in
Rowlands' publications in a series beginning 1979, in accessible book form by 1994 — before the
1998 supernova discovery of cosmic acceleration. When acceleration was found, it was found with
the magnitude this relation requires. In a field justly allergic to post-hoc numerology, this is the
opposite object: a prior prediction confirmed by an unexpected discovery.

4. Four open problems, one move

What dark energy is. ACDM carries dark energy as an unexplained ingredient — a constant
inserted by fiat, its value fitted, its nature open; twenty-eight years of candidate substances answer a
question the framework poses badly: what fills 68% of the universe? Under the critical-value
reading, nothing fills it. Dark energy is the acceleration face of the expansion itself; a closure at
critical density has a velocity profile and an acceleration profile, locked together by an integral. The
precedent is €2 = 1: before the flatness measurements a deep problem, after convergence a
constraint. £_A is a problem of the same type, one measurement from the same dissolution.

The coincidence problem. In ACDM matter dilutes as R™3 while A stays fixed; their ratio sweeps
dozens of orders of magnitude and passes through unity precisely when observers exist — "why
now?" Under A = 2H? there is no independent quantity to coincide: €_A = 2/3 is a fixed point of
the dynamics, holding at every epoch for the same reason €2 = 1 holds at every epoch in a flat
universe. A law has no timing problem.

The 102°. Quantum field theory's vacuum energy exceeds the measured A by some 120 orders of
magnitude (Weinberg 1989) — the worst prediction in physics. A = 2Hg? attacks the identification
rather than the number: an expansion quantity is not the QFT vacuum energy, and the comparison
that produces 102° compares two things that were never the same object. The worst prediction
becomes a category error. Honest cost: decoupling A from vacuum energy obligates a separate
account of why zero-point energy does not gravitate — a debt the standard picture also carries,
hidden inside the same identification.

The Hubble tension (archive-derived, companion paper). The two anchors of Hq disagree —
locally Ho = 73.50 £ 0.81 km s 'Mpc ! (HODN 2026), from the early universe 67.24 £ 0.35,a7.10
gap that systematics can no longer plausibly absorb. The companion paper of this programme
derives the gap as an algebraically necessary consequence of nilpotent dual-space geometry: the
two measurements are projections of one dual structure and must disagree by a computable fraction.
Rowlands' exact _A = 2/3 widens rather than closes the gap — which is what identifies the
tension as signature rather than error. The effective Hubble evolution across the nineteen-layer
quaternion hierarchy obeys

H_eff(n) = H-[cosh(a_E-(n — n))|Na **

the fractional tension €_vac = 9.31% is parameter-invariant — it depends only on the ratio
(73.50/67.24)? = 1.1950 and the cosh structure — and the falsifiable consequence is a non-linear

kink in Ho(z) at z* = 0.6—1.3, testable against DESI DR2 and Euclid. Note the number nineteen: the
hierarchy across which H_eff runs is the same closure depth the MAZE encoder measures. Within
the programme that is not decoration; it is the same ladder, read at the top.

5. From the cosmic rate to the galactic scale: the 27 chain
(archive-fixed relation; numbers included)



Rowlands' acceleration, evaluated at the Hubble radius, is the characteristic acceleration of the
expansion:

a(r_H) =Ho?>r_H = cH,.
With Hy =70 km s 'Mpc ! = 227x10718 71 cHp = 6.8x1071° ms2.

The galactic transition acceleration — the scale at which rotation-curve dynamics departs from
Newtonian expectation, measured across hundreds of galaxies in the radial acceleration relation —

sits at ag = 1.2x107'° m s72. The ratio is 27 to within the precision of Hy itself:
2o =~ cHo/2m=1.08%x10"1" ms™2

Mainstream literature has registered this for decades: Milgrom writes 3¢ = 2mag = cHg and calls the
coincidence, if fundamental, one with far-reaching ramifications — but has no framework in which
27 is anything except a number. In Vacuum.Net the factor is fixed by the theory's own closure rule,
stated in the archive in one sentence: one mesh around is one full turn — 2x. The observed
galactic transition fixes the product vk of the network coupling at approximately 27 one complete
phase winding. The 2zt is not an empirical correction inserted after the fact; it is the phase that
belongs to one completed loop. Galactic dynamics reads the cosmological expansion locally,
through the closure angle of a single winding: cHy is the linear expansion scale, 1/27 converts it to
one closed phase.

This completes a chain in which every link is either accepted physics or an archive-fixed relation:

Q A=2/3=A=2Hp>=a=Hoxr = alr_H) =cHy = ao = cH(/2n.

Dark energy, the Hubble law, and the galactic acceleration scale — three of cosmology's separate
departments — as successive readings of one rate through one closure.

6. The two closures — and their unification as a spiral
(structure: derived distinction; unification: hypothesis, fully
stated)

Now the structural core that makes this a sequel and not a neighbour.

The distinction (derived within the theory). The Comma paper's law concerns the vertical 1adder:
the (n,m) pairs decide at which record depths the x2 and x3 ladders return to near-coincidence —
which storey a structure can occupy. The closure rule of §5 concerns the circular closure: 27
decides when a local winding has come round — the phase of one completed loop. These are two
different levels of one closure structure, and conflating them is the error the earlier working session
almost made and then caught: 25t is not to be "computed from" 19, 41 or 65. The vertical ladder sets
the storeys; 2 sets the turning. The archive states, moreover, that the two currently open
calculations — the derivation of the rungs of the ladder, and the derivation of the coupling number
of order 27t from the network dynamics — become, upon merging, one calculation. The theory itself
asserts their common origin; it has not yet exhibited it.

The unification (hypothesis — stated in full, because half-stating it is how hypotheses get
smuggled in later as results). The geometric reading that unites the two closures is a spiral. A



spiral is the unique curve that possesses both motions at once: rotation and radial displacement.
Read the structure that way, and every element found so far takes a single geometric position:

e  2Am = 3An describes how far the spiral has advanced along its two incommensurable
growth rates — the doubling count and the tripling count as the two coordinates of its
unwinding.

e 2mnis the phase of one full winding — the circular closure each turn must complete.

. The comma &(n,m) = n‘log,3 — m is then not merely an error between two abstract ladders:
it is the phase-radial mismatch that remains after a great number of windings — the amount
by which the spiral fails to bite its own tail. At (12,19) that mismatch is exactly the
Pythagorean comma.

. The convergents are not points on two abstract axes but the resonant spiral configurations:
the windings at which the two growth rhythms best re-coincide — which is precisely the
record property the continued fraction proves.

*  Cosmic expansion is the radial component of the closure; rotation/phase is its circular
component. Then ag = cHo/27 is not "a cosmological quantity divided by a chance
geometric factor" but the ratio of radial progress to one full spiral winding — and 27
appears in physics for a reason: closure of a spiral necessarily completes a phase cycle.

. Hubble expansion, 2x, closure, and the comma cease to be four phenomena. They are
four measurable projections of one spiral net dynamic.

The reading is consistent with Rowlands' own kinematics: with v = Hor, equation (13) reads a =
Hov — acceleration proportional to velocity, expansion and acceleration as two aspects of one
motion, which is exactly what the two components of a spiral are. Everything in this subsection is
nevertheless hypothesis: no derivation in the corpus produces the spiral, and this essay records its
full shape precisely so that it cannot later be presented as if it had been proved.

7. The residue at the top rung (expectation stated;
identification open)

The Comma paper's sharpest structural claim: no closure closes completely; the closed part is
address, the residue is tension the closure permanently carries. If the universe is a closure, its books
should not balance exactly — demand three of §2.

Cosmology's books currently refuse to balance in two places, and it is honest to display both
without claiming more than is derived. The measured €2_A within constant-A fits is 0.6847 +
0.0073 (Planck 2018) — above 2/3 by = 2.7%, a = 2.50 excess that a face-value reading counts
against the hypothesis. And the two Ho anchors disagree by ~9% at 7.10, which the companion
paper derives as the dual-space signature €_vac = 9.31%. Whether either mismatch is the cosmic
residue in the technical sense of the closure law — the comma of the top rung — is not
established, and this essay does not assert it. What the closure reading contributes is the
expectation's direction: a programme in which exact balance would be the anomaly, and a
persistent, structural, computable mismatch is the prediction. Standard cosmology treats its residues
as embarrassments; the net treats a residue as what a closure is made of. Those are different bets,
and the data will price them. It is worth recording the suggestive numerics without leaning on them:
the (12,19) comma is 1.35%, the Q_A excess = 2.7% = two commas, the dual-space tension 9.31%.
Numerics of this kind become evidence only after the §9 calculation exists; until then they are
bookkeeping.

8. The result enters a live debate (current physics, 2025-2026)



None of this would exceed curiosity if A's constancy were settled. For the first time since 1998, it is
genuinely contested. DESI's second data release — BAO from 14 million galaxies and quasars,
combined with CMB and the DES-SN5YR supernovae — reported up to 4.20 preference for
dynamical dark energy, a wow, evolution from phantom-like in the past to quintessence-like now.
The picture then complicated in the instructive way: a July 2026 full-shape Lyman-alpha analysis,
the tightest from that probe, shifted the central value back toward ACDM; a 2026 joint full-shape/
BAO analysis reduced the discrepancy to 1.40; and a Bayesian reanalysis showed the wow,
evidence vanishing (In B = —0.30 + 0.19) when one supernova catalogue is exchanged for its
recalibrated successor — the preference apparently driven by inter-dataset tensions, not by any
single probe.

The field is stuck between two poles: constant A, which the combined data strain against, and the
WoW, parameterisation — not a physical model but a two-parameter Taylor envelope that fits almost
any smooth evolution and explains none, its preferred region (crossing the phantom divide) hard to
realise in consistent field theory. Rowlands' relation occupies the vacant third position: A « H2 —
dynamical, because H evolves; law-like, because the coefficient is fixed at 2 with zero free
functions. It predicts departure from constant-A behaviour, which is what the combinations keep
hinting at, without buying the freedom the reanalyses keep punishing. The adjacent mainstream
class — the running-vacuum models of Sola Peracaula and collaborators, o_vac(H) with an H?
term, argued to ease the Hp and 03 tensions simultaneously — derives its H? term from
renormalisation-group arguments and keeps the coefficient free. Rowlands' version is that class's
rigid limiting case: coefficient fixed, critical value implied, prior prediction attached. This is the
precise sense in which a 2013 paper bears on the open problem of 2026: the question is no longer
"does dark energy exist?" but "is A constant, and if not, what law does it follow?" — and a = Hy?r is
a candidate law, on the table since 1979, that the current instruments can test.

9. The one missing calculation — specified

Everything above rests on derivations that exist, save one; and the several apparent gaps of the
programme are in fact that one gap, seen five times. £_A = 2/3 is hypothesised, not derived. The
arrow stable closure = record-small mismatch is hypothesised, not derived. The value 27t of the

coupling is measured-and-fixed, not derived. The unification of vertical and circular closure — the
spiral — is read, not derived. Each of these is the same absence, because the archive already states
that the two open calculations become one: the statistical mechanics of the knot network — the
coarse-graining of the net — must deliver, in a single derivation, three obligatory outputs at
once:

1. the rung structure — that stable closure occurs at, and only at, the convergent depths
(n,m), turning the first paper's hypothesis-arrow into a theorem;
2. the coupling number 27t — that one mesh around is one full turn, so that ag = cHop/2m
ceases to be an observation-fixed product Yk and becomes a computed constant;
3. the dimension of stable closure — the four-floor ladder 1-2—4-8 as output rather than
input.
The specification has teeth because each output is already pinned by an independent measurement:
19 (the MAZE depth), 1.2x1071° m s72 (the galactic transition), and 8 (Hurwitz's ceiling, realised in
the theory's dimensional ladder). A candidate coarse-graining that produces two of the three and
misses one is falsified by the third. Should the calculation succeed, it would additionally decide
whether the spiral of §6 is its geometry, whether 2/3 for _A follows from the closure of the top
rung, and whether the residues of §7 are commas in the technical sense. Until it exists, the



programme's honest posture is the one this essay maintains: implication chains with the hypothesis-
arrows marked, and every measured pin displayed.

10. The tests

One law, tested at both ends of the ladder, in ascending order of effort.

Convergence. Watch whether €2_A converges on exactly 2/3 as €2 converged on 1. The current
constant-A benchmark is against it — 0.6847 +0.0073, = 2.50 high — and that is said plainly. But
the comparison is model-bound, hence:

The refit. If the true law is A = 2H(t)?, forcing the data through a constant-A template biases every
recovered parameter, calculably. The executable project: refit the public Planck + DESI + supernova
likelihoods with A « H? (coefficient fixed at 2) as the dark-energy sector and compare information
criteria against ACDM and wow,CDM. Either the rigid model matches the free ones with two fewer
functions — a decisive economy — or it is excluded. Public data, existing pipelines, no new theory.

The kink. The dual-space companion paper predicts non-linear structure in Ho(z) at z= 0.6-1.3
with the invariant €_vac = 9.31% — testable against DESI's remaining releases and Euclid.

The jump. At the other end of the same ladder: load the MAZE encoder with two corpora of
strongly different size and measure the distribution of closing depths. 19 — 65 identifies the m-
coordinate and confirms the law; 19 — 41 identifies the n-coordinate and confirms the law; any
stable depth in 20—64 (bar 41) kills it. One experiment, four outcomes, no escape — and because
the net contains one kind of closure, a verdict at the bottom rung is a verdict about the top.

11. Conclusion

The Comma in the Net ended by claiming the universe is a memory tuned to the same comma as
every piano; that claim obligated a cosmology. The cosmology exists, was never speculative, and is
nineteen years older than the phenomenon it predicted: at the critical value €2_A = 2/3, dark energy
is the expansion — a = Hy?r integrating exactly to v = Hor — and evaluated at the Hubble radius
and divided by one winding, the same rate lands on the measured galactic transition, ag = cHo/27t.
Vertical closure sets the storeys of the net; circular closure sets its turning; the spiral that would
unite them is on the table as hypothesis, fully drawn and clearly labelled; and all of it converges on
one specified calculation with three measured pins. Read against current physics, the chain touches
four open problems and takes the unoccupied third position in the field's most active debate. What
remains is arithmetic against data — a convergence, a refit, a kink, a jump — and the law can die at
either end of a ladder sixty orders of magnitude tall. The pianos, either way, stay tuned to the
comma.
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