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Ever since general relativity and quantum mechanics were discovered over a century ago, physics
has been on the quest for a theory that unites them. We argue that the answer has been staring
us in the face: gravitation is a consequence of discrete quantum mechanics. Tim Palmer’s Rational
Quantum Mechanics claims that a quantum state cannot carry infinite information. Hilbert space
is granular, with a finite parameter L, and Palmer attributes that granularity to gravity. We reverse
the claim. L comes first, and gravity is what a granular Hilbert space looks like at every scale. From
one universal integer L and one length, the cosmological horizon radius, we derive the Planck length
and Newton’s constant. Einstein’s equations follow; with the same L, galactic rotation curves flatten
without dark matter, and Newton’s constant and the cosmological constant cease to be independent:
their product is fixed by L. We test the reversal by pinning L on every scale where it appears on
its own rather than through the Planck length. The galactic scale gives 4.6 x 10°!; the cosmological
scale gives 6.4 x 10%*. They agree to within a factor of 1.4 on a sixty-two-digit number. This is the
old coincidence between Milgrom’s acceleration and the Hubble scale, and here it is one L seen on
two scales. The third place where L appears on its own is the quantum computer, which will report
within the decade. We predict what it will find: a ceiling near 200 entangled qubits, the same for
every technology.
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I. INTRODUCTION

Rational Quantum Mechanics (RaQM) [2H5] leaves the
Schrédinger equation untouched and instead restricts the
bases in which a quantum state is defined: a qubit

1) = cos & |1) + e sin g |-1) (1)

with 6 and ¢ the colatitude and azimuth of the state on
the Bloch sphere, exists only in bases with
m n

:f7 %:E, m,nE{O,...,L}. (2)
The state is then a length-L bit string whose fraction
of +1 entries is cos?(f/2) and whose cyclic shift by n
places is the phase [3]. Born’s rule becomes a matter of
counting. Bell’s inequality is evaded because, by Niven’s
theorem [8, [9], the counterfactual measurement settings
its derivation requires are not permitted bases [4] [7].
And because N entangled qubits carry N L bits against
2N+1 _ 2 continuum degrees of freedom, there is a qubit
information capacity
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Nmax ~ lOgZ La (3)

beyond which quantum algorithms that spread their state
across all of Hilbert space lose their exponential advan-
tage [3].

Palmer fixes L from gravity. State reduction is a
chaotic shift map that lowers L by one each Planck time
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tp (in Palmer’s ordering, tp = /hG/c?), so the reduc-
tion time is 7* = (L — 1)tp; equating this to the Didsi—
Penrose collapse time h/E¢ [10, 1] gives

gl

where Ep = h/tp is the Planck energy, E¢ is the gravi-
tational self-energy of the qubit’s superposition, and [x]
is the smallest integer not less than x. Both Ep and Fg
contain G. Gravity is the input and L the output, and L
varies with the qubit, from 104 for a quantum-dot elec-
tron to 1019 for a hyperfine ion-trap qubit [3]. Palmer
closes by noting that his N, lands beside Davies’ cos-
mological information bound [12] T3] and that this is un-
likely to be a coincidence.

We take that remark literally and reverse the causal-
ity. L does not exist because of gravitation. Gravitation
exists thanks to L, which is a single universal constant of
nature. Such a claim is tested first of all by consistency,
and then by prediction. Known gravitational phenomena
on every scale, each used on its own to pin L, must return
the same number. Section [[I] states the two axioms and
shows how Eq. inverts. Section shows how New-
ton’s constant follows from the pixel size {p = 27 Ry /L,
i.e., from the ratio of the horizon radius to L. Section[[V]
works through the scales in turn, from quantum to cos-
mological, deriving the familiar phenomena from L on
each and recording the value of L each one pins. Sec-
tion[V] asks whether L holds. Section[VIllists what would
falsify the picture.
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II. AXIOMS AND THE REVERSAL

Axiom 1. Quantum states are defined only in bases
satisfying Fq. (@, with a single universal L € N for all
systems.

This is Palmer’s discretization ansatz with one change:
L is not a function of the system’s mass or energy. In
RaQM it is, through Eq. , and it differs from one qubit
technology to another. Palmer’s earlier work constructed
an arbitrarily dense discretization of the Bloch sphere in
which states are bit strings of fixed finite length [2], the
fineness of the discretization being determined by a finite
prime-number parameter p [6]; in the original, continuous
version of the theory, heterogeneities in the fractal state-
space geometry were proposed to be manifestations of
gravity [I]. Everything Palmer derives from Eq. at
fixed L carries over unchanged: the bit-string representa-
tion, Born’s rule, the Impossible Triangle Corollary, and
the capacity bound .

Equation is a two-level-system condition, and Ax-
iom 1 is stated for such systems; the extension to contin-
uous variables, and the question of whether Axioms 1
and 2 are two readings of a single postulate, will be
treated separately.

Axiom 2. The granularity of state space and the gran-
ularity of space are the same discreteness: one step of
quantum phase, 27/ L, is one pizel on a great circle of the
cosmological horizon of radius Ry. The pizel is therefore
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Axiom 2 says that a phase rotation through a full turn
counts L pixels, which is the natural reading of Palmer’s
construction: his phase operator ¢ is a cyclic permuta-
tion of the L-bit string, and each application is a rota-
tion by exactly 27 /L about the polar axis [3]. The axiom
refers to the cosmological horizon without saying which
one. Nothing in it fixes the radius in time; but L is a
constant, so £p and hence GG scale with the radius, and
the observed constancy of G then requires the radius to
be constant too (Sec. . In an expanding universe the
only constant horizon is the de Sitter one, whose radius
is set by the cosmological constant. Whether the value
of L this gives agrees with the value from galactic dy-
namics is the consistency check of Sec. [[V] and the al-
ternative, a horizon that grows with the Hubble radius,
is excluded there on observational grounds. Because ev-
ery observer’s de Sitter horizon has the same radius, L is
observer-independent, as a constant of nature must be.

In this form the constants of the theory are &, ¢, the
integer L, and one length, Ry. The pixel ¢p is derived,
and so are the other Planck units, tp = ¢p/c and Ep =
he/lp, none of which involves G; Sec. shows that G
is derived too. Because L has not yet been measured, we
run the chain backwards throughout this paper: we take
(p at its accepted value, 1.616 x 1073% m, and use Eq.
to predict L. The values of L obtained this way scale

linearly with £p; the quantum prediction Ny.x depends
on it only logarithmically.

The reversal. Keep Palmer’s picture of state reduc-
tion as a shift map at one step per Planck time, so that
7* = Ltp, but with L universal. Then, using Eq. and
Ip =ctp,

o= Lip = 2T (6)
C

The state-reduction clock is the de Sitter period 27/ H oo,
where H,, = ¢/Rp is the asymptotic Hubble rate. It is
the time for one full turn of the horizon at the speed of
light. The universal energy that replaces E¢ is then
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= kpTas, (7)

the Gibbons—Hawking temperature of the horizon [30].
Palmer’s Eq. , read backwards, says that gravity’s
characteristic energy in the reduction process is the ther-
mal energy of the cosmological horizon, and that every
qubit shares it. Three consequences of the reversal are
worth stating at once. First, 7% ~ 10'' yr, so an iso-
lated qubit never completes reduction. Palmer makes
the same observation: collapse is irrelevant as a practical
constraint. Second, L no longer depends on the qubit,
SO Npax is the same for every technology. That is the
sharpest experimental difference between the two causal
orderings. Third, the reversal discards mass-dependent
gravitational collapse. In Palmer’s ordering a heavy su-
perposition has small L and reduces in milliseconds; here
every system shares the 10''-yr clock, so the definite-
ness of macroscopic bodies is not supplied by gravity and
must come, as in standard quantum theory, from environ-
mental decoherence. The reversed theory therefore pre-
dicts no mass-dependent collapse signal of Diési—Penrose
type, consistent with the null result of the underground
search of Ref. [14]. Palmer’s shift map, however, is non-
dissipative by construction and is equally consistent with
that null result, so the null result does not discriminate
between the two orderings. Npax does.

III. NEWTON’S CONSTANT FROM THE PIXEL

Before testing the hypothesis at widely separated
scales, we derive the relation between G and {p by as-
suming that gravity arises from a pixelated holographic
screen: a two-dimensional surface enclosing a region of
space, on which all the information about that region is
stored one bit per pixel. Space itself is not pixelated in
this picture; only its boundaries are, and that is what
makes the count an area law rather than a volume law.
The argument is Verlinde’s [I5]; we repeat it here with
the pixel size written out, so that it is clear that G is
derived from ¢p. Entropic gravity in this form is not un-
contested [16] [I7]. We use it only as the existing route
from a pixelated screen to an inverse-square law, and rely



on nothing beyond the scaling G o £2 that it shares with
every holographic account. Consider a spatial sphere of
radius 7 enclosing mass-energy M = E/c?.

A. Information capacity of the bounding screen

Let ¢y be the spatial pixel. The number of bits the
two-dimensional bounding screen of area A can hold is

A 47r?
&= (8)
G4

Nbits =

B. Equipartition

Distributing the enclosed energy over the bits at tem-
perature T,

2712

]\IC2 = %Nbits kBT = 672 k?BT. (9)
0

C. Unruh temperature

A test particle accelerating at a near the screen sees the
vacuum at the Unruh temperature T = fia/(2nckp) [29].
Substituting into Eq. @,

27r?  ha har? A0 M
Me=" —=—(1 — a=—9".(10
2 2mc cl? hor? (10)

An inverse-square attraction has emerged from bit count-
ing and thermodynamics alone.

D. Identification of the pixel
Matching Eq. to Newton’s a = GM /r? forces

302 hG
G == T <~ 60 == ?

The spatial pixel is the Planck length, and Newton’s con-
stant is revealed as the conversion factor between spatial
bit density and kinematic acceleration. Two remarks.
The bit count (8) is normalized as in Ref. [I5], four times
the Bekenstein—Hawking entropy in units of kp [31]; that
normalization is what makes the coefficient in equal
to G exactly. And until L is measured, Eq. is a rela-
tion rather than a derivation of G from first principles: it
expresses G through the pixel, and it is Newton’s law, ob-
served, that tells us the pixel is Planckian. Substituting
Eq. , G = 4n?c*R% /(hL?): Newton’s constant is set
by the number of pixels around the cosmological horizon.

IV. GRAVITATIONAL PHENOMENA SCALE
BY SCALE

On each scale we derive the known phenomena from L
and Ry using the existing mathematics of horizon ther-
modynamics (Verlinde’s for Newton [15], Jacobson’s for
Einstein [I§], and Verlinde’s later work for the galactic
regime [19]), and we record what each scale pins.

A. Quantum scale: qubits and quantum computers

Here L acts directly through Eq. . The capacity
bound bites only for states spread across Hilbert space, so
entanglement demonstrations of the Greenberger—Horne—
Zeilinger type, which occupy two amplitudes, do not test
it. Random-circuit sampling does, and the 53-, 70- and
83-qubit experiments of Refs. [22H24] imply L > 277.
That is far below log, L ~ 200, so this scale does not
yet pin L. Physical qubit counts are much larger, more
than a thousand superconducting qubits on IBM’s Con-
dor processor and 6,100 atoms in a single tweezer ar-
ray [25], but a count of physical qubits is not a count of
qubits entangled in a state that fills Hilbert space, and
the bound says nothing about it. The same holds for
logical qubits, of which 48 have been demonstrated on
280 atoms [26]: each is encoded in many physical qubits
confined to a small, highly structured subspace, the situ-
ation Palmer already exempts when he discusses macro-
scopic quantum states [3]. What this scale will do, on
the timescale Palmer gives for factoring tests [3| 28], is
measure L directly, as the qubit count at which an al-
gorithm that spreads its state across Hilbert space, such
as the quantum Fourier transform, loses its exponential
advantage. The reversed theory’s prediction on this scale
iS Nmax = 200, the same for every technology.

State reduction on this scale is Palmer’s shift map with
the universal clock @ Nothing observable changes for
laboratory qubits, exactly as in RaQM.

B. Terrestrial and solar scales: Newton and
Einstein

Section gave Newton’s law with G = 303 /h,
Eq. . Given an entropy proportional to horizon area
in the same units, S = kpA/(4¢%), Jacobson’s argu-
ment delivers Einstein’s field equations with the same
G [18]. Gravitational redshift [32], the perihelion ad-
vance of Mercury, light deflection, and gravitational-wave
propagation then follow as they do in general relativity.
With G from Eq. , Mercury’s anomalous advance
6mGMy/(pc?), with p = aop(1 — €?) the semi-latus rec-
tum of the orbit, is 42.98” per century and the deflection
of starlight at the solar limb 4GM, /(c*R) is 1.75”, both
as observed. They depend on L and Rj only through G,
i.e., only through the ratio £{p = 2w Ry /L.



What this scale pins is therefore £p, the combination
27 RA/L, and not L on its own. The screen bit count in-
volves ¢p alone; the horizon radius, which is what would
separate L from /p, is irrelevant at solar radii. This is
as it should be, since solar-system gravity is described
by general relativity to exquisite precision, and a theory
in which L showed up there separately from R, would
be wrong. The situation is the exact gravitational ana-
logue of Palmer’s observation that RaQM and QM are
indistinguishable for small numbers of qubits: the gran-
ularity shows itself only at the extremes, at large N in
the quantum case and at small acceleration in the grav-
itational case. To forestall a natural misreading: the
direct kinematic effect of a 27/L phase grid on an or-
bit is ~ 1075 rad per revolution, fifty-four orders of
magnitude below Mercury’s 5 x 1077 rad; angular dis-
creteness does nothing to orbits. The only route by
which the horizon, and with it L on its own, could enter
solar-system dynamics is through the galactic accelera-
tion ag = c?/2m Ry of Sec. whose corrections are of
order ag ~ 107 ms~2, eight orders of magnitude below
solar gravity at Earth’s orbit; planetary ephemerides are
only now reaching that sensitivity [38].

C. Galactic scale: rotation curves without dark
matter

At the scales above, L and R, entered gravity only
through their ratio. This is where the horizon radius be-
comes visible on its own, and with it I separately from
fp. The horizon radius of Axiom 2 comes with an ac-
celeration. The surface gravity of a de Sitter horizon is
c?/Rpn = cH, and it is this acceleration whose Unruh
temperature equals the horizon temperature . The
framework’s own acceleration, carrying the 27w of Ax-
iom 2, is

c? c?

T 9mRy  Lip

ap (12)

We do not derive the order-unity coefficient; the ob-
served galactic acceleration, 1.2 x 10719 ms™2, lies be-
tween Eq. (12)), 0.86 x 10719, and the bare surface gravity
cH,, = 5.4 x 10719, The coefficient is an open problem
in emergent gravity itself: Verlinde’s derivation gives an
acceleration scale cHy/6 = 1.1 x 1071% ms~2 [19], Hy be-
ing the present Hubble rate, while fits of galaxy rotation
curves within emergent gravity prefer a scale about 30%
lower, 0.76 x 1071 ms™2, with a systematic uncertainty
of order 20% inherited from the baryonic mass-to-light
ratios [20, 2I]. Equation lies within that uncertainty
of the fitted value.

Verlinde has shown that below this acceleration scale
a screen’s entropy budget acquires a volume-law contri-
bution from de Sitter entanglement, which produces an
additional gravitational acceleration. That contribution

dominates in the deep regime, where the total becomes

GM
9 =+/ao gn; 9N =5 (13)
with the acceleration scale discussed above [19]. Setting

v2/r = g gives flat rotation curves with
vh =agG M, (14)

the baryonic Tully—Fisher relation, with M the baryonic
mass alone. This is Milgrom’s phenomenology [33], con-
firmed as a tight empirical law across galaxy types by
the radial acceleration relation [34], and it is obtained
here without dark matter: the flattening is the horizon
making itself felt once local gravity drops to the order of
the horizon’s own acceleration. For a point mass, Ver-
linde’s deep regime coincides with deep MOND, whose
agreement with rotation-curve data is well established;
for finite-size mass distributions his theory departs from
Milgrom’s at both high and low accelerations, and it is
those departures that are in tension with the radial accel-
eration relation [27]. What pins L here is the point-mass
deep-regime scaling alone; this paper makes no pre-
diction for extended systems.

To be explicit: in this framework there is no dark-
matter halo. Galactic rotation is set by the baryons, G,
and the horizon radius. The known difficulties of any
such account, galaxy clusters [35] and the acoustic peaks
of the microwave background [37], are not addressed here
and remain open.

This scale pins L. The measured ap = (1.20 £0.02 +
0.24) x 107 ms~2 [34] in Eq. gives

2
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= 4.6 x 105, (15)

D. Cosmological scale: the horizon

Axiom 2 introduced a horizon radius R ; the universe
supplies one. The observed cosmological constant A =
1.09 x 10752 m~2 [37] corresponds to a de Sitter radius
Ry = /3/A = 1.66 x 1026 m [30], and Eq. (5] then gives

2T RA

Lcos =
i

= 6.4 x 105, (16)

Read together with Eq. 7 this says that Newton’s con-
stant and the cosmological constant are not independent
of each other:
127%¢3

GA=——, 17
using A = 3/R3. The strength of gravity and the ac-
celeration of the universe are a single constant, with L
as the exchange rate between them. Whether one calls
£p or Rp the fundamental length is a matter of conven-

tion; the physics is Eq. . Combining Eq. with



TABLE I. What each scale derives from L and Ra, and what
it pins. Since £p = 2w RA /L, pinning £p pins only the ratio of
RA to L. The chain is run with £p as input and L as output
until Nyax is measured.

Scale Phenomenon Relation Pins
Quantum qubit ceiling Niax = logs L L (to come)
Earth Newton’s law G = CSZ?D/FL {p

Solar GR tests same G {p

Galactic  rotation curves ao =c*/Lép L =4.6x10°
Cosmic horizon radius  ¢p = 27Rx/L L =6.4% 108t

A = 3/R% eliminates L and turns the long-noted coinci-
dence ag ~ cHy into a fixed relation, A oc a3/c?, with an
order-unity coefficient we do not derive.

The choice of the de Sitter radius rather than the
present Hubble radius ¢/Hy in Axiom 2 was anticipated
in Sec. [} here is the observation that forces it. Were
the horizon in Eq. the Hubble radius with L fixed,
then G o« R% would drift at G/G = 2H(1 + q) =~
6 x 10~ yr=!, with H the Hubble rate and ¢ ~ —0.53
the present deceleration parameter. That is six hundred
times the lunar-laser-ranging bound [39]. With Rj con-
stant, GG, ag and A are all constant, as Eq. requires.

V. DOES L HOLD?

Table [[] collects the results. Two scales pin L indepen-
dently. The galactic scale, through the acceleration at
which rotation curves flatten, gives 4.6 x 10%1. The cos-
mological scale, through the size of the de Sitter horizon,
gives 6.4 x 10%!. They agree to a factor of 1.4, which
is half a bit in log, L, the scale the quantum prediction
lives on: 204.9 against 205.3. The two measurements
come from scales five orders of magnitude apart and use
entirely different methods, yet they give the same order
of magnitude for a 62-digit number.

We do not pretend this agreement is new. It is the
coincidence ag ~ cHp that Milgrom noted in 1983 [33],
and one may fairly object that the two pins are one old
observation in new clothes. What the framework adds
is twofold. It turns the coincidence into a fixed relation,
Eq. combined with Eq. , so that it is a coin-
cidence no longer. And it ties the same L to a third
quantity that has nothing to do with either galaxies or
cosmology: the number of qubits a quantum computer
can usefully entangle. That third pin is where the theory
is falsifiable.

The terrestrial and solar scales do not pin L, and we
have said why. They pin ¢p, the combination 2w R /L.
For the reversed theory they establish that gravity ex-
ists at all: a pixelated screen with a Planck pixel pro-
duces Newton’s law and Einstein’s equations with the
observed strength. This checks that the pixel is Planck-
ian (Sec. ; it is not a check on L, and it is passed by

construction once £p is the Planck length. We do not
count it as evidence for L.

The quantum scale will pin L directly. Inserting ei-
ther galactic or cosmological value into Eq. gives
Nmax =~ 205, and the residual disagreement between the
two pins shifts this by half a unit. We quote the pre-
diction as Npax ~ 200, since the leading approximation
logy, L and Palmer’s exact criterion oN+l _ 9 < NI dif-
fer by several units. That ambiguity does not touch the
point that matters, which is that the ceiling is universal.
A measurement of Ny, near 200 for one technology and
near 400 for another would restore Palmer’s causal order;
the same value for all would confirm ours.

That measurement also closes the loop in the direc-
tion the title promises. With L known, Eq. gives the
Planck length from the size of the universe, and Eq.
gives Newton’s constant:

2.3 p2
A’ Ry

G=—0 (18)

Gravity’s strength is then a derived quantity: the num-
ber of bits that fit around the horizon. Converting a
measured Np.x into L requires the exact capacity con-
dition rather than its logarithmic approximation: Npax
is the largest N with 2¥*!1 — 2 < NL, which brackets L
between 2NVmax+1 /N . and 2Vmax+2 /(N +1), a factor
of two. Hence £p follows to a factor two and G to a factor
four. The observed G corresponds to Npax = 212 under
this criterion (Appendix E[); a count of 211 or 213 would
return G four times too large or too small. Nothing else
in the theory can do this: in ag = ¢?/L{p only the prod-
uct Lép = 2mRp appears, so galactic and cosmological
data fix each other and leave ¢p untouched. Only the
quantum computer separates L from {p.

Two further remarks. The universal L found here,
~ 6 x 10%, lies below every per-qubit value Palmer
obtains from Eq. , so if both mechanisms were at
work, the cosmological one would be the binding con-
straint. And Davies’ bound [12], which Palmer flagged
as suspiciously close to his own numbers, is explained
rather than merely matched. Since L counts pixels
around the horizon’s circumference, the horizon’s area
holds 47 R% /(3 = L?/m = 1.3 x 10?3 of them, which
is Lloyd’s estimate of 10'?? bits for the observable uni-
verse [13]. Davies’ N = log, 1012 a2 405 is the logarithm
of that pixel count, i.e. 2logy L. Palmer’s capacity bound
counts the bit-string length L, not the number of pixels,
S0 Nmax = logy L ~ 205, half Davies’ exponent, and the
factor of two now has a definite origin.

VI. PREDICTIONS AND FALSIFICATION

1. A universal entanglement ceiling near 200
qubits, the same for photonic, trapped-ion, super-
conducting and semiconductor qubits, insensitive
to isolation and to logical error correction. Tech-



nology dependence falsifies the reversal and restores
Eq. (4).

2. Flat rotation curves from baryons alone, with
v} = a0GMparyon, Eq. , and ap = ¢?/27 R},
Eq. (12). Robust detection of a dark-matter parti-
cle, or a galaxy whose rotation curve requires one,
falsifies the galactic sector.

3. No redshift evolution of ag. The acceleration
scale, Eq. , is tied to the constant Ry of Ax-
iom 2, not to H(z); proposals with ay x cH(z)
predict a scale 1.8 times larger at redshift z = 1,
and this framework predicts none.

4. Constancy of A. With L fixed, Eq. gives
G o« RZ, so the lunar-laser-ranging bound on
G/G [39] requires the horizon radius, and with it
A, to be constant to one part in 10'3 per year, and
their product GA = 1272¢®/hL?, Eq. , is fixed
by L alone. Since a dark-energy component with
equation of state w evolves as p/p = —3H (1 + w),
this is a bound on the present-day equation of state,
11+ wo| <5 x107% (Appendix . It applies to
the present epoch, the only one lunar laser ranging
probes. A dark-energy density that is still evolv-
ing on the Hubble timescale today, as some current
data prefer [30], is incompatible with the framework
as stated.

VII. CONCLUSION

Palmer built a discrete quantum mechanics and used
gravity to set its granularity. We have argued that the
granularity comes first. One universal integer L, one
length Ry, and the identification of a full turn of quan-
tum phase with the circumference of the cosmological
horizon are enough to make the Planck length and New-
ton’s constant derived quantities, to obtain general rel-
ativity through Jacobson’s argument, to produce flat
galactic rotation curves with no dark matter, and to
bind Newton’s constant and the cosmological constant
into one. Palmer’s collapse formula inverts into a uni-
versal reduction clock equal to the de Sitter period, with
the horizon temperature as the energy scale, and mass-
dependent gravitational collapse drops out of the theory.
None of these successes tests the framework on its own,
since most are inherited from horizon thermodynamics
once the pixel is Planckian. The real test is whether the
two scales on which L appears on its own in gravity agree.
They do, to a factor of 1.4 on a number of 62 digits, and
that agreement is Milgrom’s coincidence explained. The
third scale on which L appears on its own, the quantum
computer, will report within the decade.

ACKNOWLEDGMENTS

The author used an AT assistant (Anthropic’s Claude)
for literature checking, numerical verification, and editing
of the manuscript. The physical proposal, the axioms,
and the claims are the author’s own.

DECLARATIONS

Funding. No funding was received for this work.
Competing interests. The author declares no compet-
ing interests.

Data availability. No new data were generated. All
numerical inputs are published values cited in the text
and tabulated in Appendix [A]

Preprint. A preprint of this manuscript was first de-
posited at Zenodo on 2 September 2026, https://doi.
org/10.5281/zenodo . 22255462,

Use of Al tools. As stated in the Acknowledgments, an
AT assistant was used for literature checking, numerical
verification, and editing. It was not used to generate the
scientific content, and the author takes full responsibility
for the manuscript.

Appendix A: Numerical Values

Inputs. As explained in Sec. [T} the chain is run back-
wards until Npax is measured, so the Planck length is
taken at its accepted value and L is derived from it,
rather than the other way round. ¢ = 2.998 x 108 ms™!,
h = 1.055 x 1073* Js, £p = 1.616 x 1073° m (hence
tp = (pc = 539 x 107* s and Ep = he/lp =
1.956 x 109 J); ap = 1.20x 1071% m s~2 [34]; present Hub-
ble rate Hy = 67.4 kms~! Mpc~! and dark-energy den-
sity parameter Qy = 0.685 [37], giving Hy, = Hoy/Qp =
1.81 x 107 s71 A = 3H2 /c? = 1.09 x 10752 m~2
Rp = ¢/Hy = 1.66 x 102° m; lunar laser ranging G//G =
(7.147.6)x 10~ yr~! [39], taken as |G/G| < 10713 yr~ 1,

Derived: Lga = ¢*/(aglp) = 4.63 x 10%1, log, = 204.9.
Leos = 2nRA/lp = 6.45 x 10°!) log, = 205.3. Ra-
tio 1.39. Reduction clock 7 = L.ostp = 3.5 x 10'% s
= 1.1 x 10! yr. Energy Ep/Leos = 3.03 x 107°3 ]
= hHy/2m. G = 304 /h = 6.67 x 1071 m3kg=1s72
ap from A: ¢?/(Leoslp) = 8.6 x 107 ms=2. With
Nmax = 205, ag = ¢2/(£p229°) = 1.08 x 107 ms~2. Ex-
act capacity condition: for Le,s = 6.45 x 101, N = 212
gives 2213 = 1.32 x 10%* < 212L = 1.37 x 10%* while
N = 213 gives 22 = 2.63x 105 > 213L, 50 Nyay = 212;
log, L = 205.3. GA = 6.67x10711 x1.09x 10752 = 7.3 x
1079 mkg~'s™2, against 127%¢3/(RL2,,) = 7.3 x 10763,
Equation of state: G o< R} and A o R,? give |A/A| =
|G/G] < 10713 yr=!; with Hy = 6.89 x 107" yr—1,
114+ wo| < 10713/3Hy = 4.8 x 1074,
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