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Abstract

We posit a fixed universal quantity Gforce = ¢*/G and show its QMU ledger closure
Mg Ao qu = ¢*/G. We then map Gforce to the cosmological constant via the dark-sector
stress tensor and define a natural density scale pg = Gforce/c?, yielding pa = (A/87)pc
and Py = —pac®. We demonstrate, via numerical validation with standard observational
anchors (Qa,w, H), that A = 3Q, H?/c?, confirming that the observed dark sector is naturally
normalized by pg. Finally, we connect the Aether unit constant through A, = mchgc?*/accl
with mchg = m,/e,?, and prove the internal identity accl = ¢*/(Ac*F,?).

1 Motivation and Overview

The present work addresses the calibration scale of the dark sector. We start from the Gforce

f a
=—. 1.1
Gforce G (1.1)

We ask whether this APM quantity functions as the natural normalization for the observed
cosmological constant. The standard observational triplet (2, w, H) anchors late-time acceleration;
here we show that the mapping to A and to (pa, Py) reduces to the single density scale

_ Gforce 2

Thus Gforce is not merely an internal APM construct; it underlies the empirical dark-sector
normalization. For Aether/QMU background and prior derivations underpinning the ledger closures,
see [1, 2, 3].

2 Definition and Ledger Closures

4 C4

Gforce = %, ma Ao Fy? = ek (2.1)

The second relation is the QMU ledger closure equating the substrate-dynamic composite ma)\ch2
to Gforce.



Table 1: QMU primitives used throughout.

Symbol Name Meaning / role

Ao Compton length Base length; A¢ = h/(mec); defines QMU spatial scale.

F, Quantum frequency Base frequency; ¢ = FyA¢; defines QMU temporal scale.

Mg Aether maximum mass Substrate scale entering the ledger closure ma)\ch2 = Gforce.
A, Aether unit constant Aether stiffness; relates to curl via A4, curl = ¢2.

curl Rotational scale curl = €2 .. /(m)o); closes triad with A,.

Gforce Gforce scale Universal force ¢*/G; ledger-closed by ma)\chz.

Theorem (Ledger closure). The ledger product ma)\ch2 equals the universal force scale
Gforce = ¢*/G; hence Ajeq =1 — ma)\CFqQ/Gforce = 0. Proof: See Appendix A.

3 Mapping to the Cosmological Constant

With pg from Eq. (1.2), the dark-sector form with w = —1 becomes

A
= — Py = —pp 2. 1
PA= 5 PG A= —PAC (3.1)
Equivalently,
A =38 ¢ _ G (3.2)
~ °TPA Gorce oG '
Using the ledger closure Eq. (2.1),
2
A=8mpy ———— (all quantities in QMU). (3.3)
myg, /\C Fq

4 Aether Unit Constant and the Acceleration Identity

The Aether unit constant A, is defined through its relation to the characteristic acceleration and
the mass-to-magnetic-charge ratio:

4

A, = mchg C—, mchg = m—g’ (4.1)
accl €q

From the QMU ledger (Aether maximum magnetic charge)

3 2
2 ma)\c Fq

ya— (4.2)

€a

we obtain a second expression for A,:



Mg Aol Fq2

Ay 5

= mchg \c® F,%. (4.3)
€a

Equating Eq. (4.1) and Eq. (4.3) yields the characteristic acceleration purely in QMU:

4

€
accl = ——. (4.4)
PVerd I
Using the closure ¢! = G'm, A¢ F,% from Eq. (2.1) gives
G
accl = — 2 (4.5)
Ac?

5 Demonstration from Observational Anchors (QMU-only)

Late—time analyses report (25, w) with w ~ —1, together with a Hubble rate H summarized via a

3 H?
dimensionless h (no SI needed). With peit = e and pp = Q4 perit, and eliminating G in favor of
T
pc = /G,
30 H?
A= > (5.1)

Equation Eq. (5.1) is the empirical A—map: once (Q,w, H) are inferred from CMB/BAO/SNe, the
observed dark sector is normalized by pg = Gforce/c?.

6 Numerical Validation with Observational Data

We now show that the QMU relations reproduce the observed dark-energy density using standard
SI inputs (for clarity, this section reports SI numerics; all other sections remain QMU-only).

Constants and Inputs (SI)

c=2.99792458 x 10 ms™!, G =6.67430 x 107t m*kg~ts72. (6.1)
km st 1000 ms~?!

1 = =3.24078 x 10720 g1, 6.2

Mpc  3.085677581 x 1022 m x s (62

APM scales (numerical)

4 2

C
=1.21 x 10* N, P6=145

C

Gforce = =1.35 x 10*" kgm 3. (6.3)

Side-by-side validation under two H, choices



Table 2: Constants and unit conversions used in the numerical validation (SI).

Quantity Symbol Value (SI) Note
Speed of light c 2.99792458 x 10® ms~! exact
Newton’s constant G 6.67430 x 10~ m3kg—ts—2 CODATA
Parsec (megaparsec) 1 Mpc  3.085677581 x 10?2 m exact by definition
kms—1
Hubble unit factor 1 11:14; 3.24078 x 10720 5~ 1000/(1 Mpc)
Planck-like Hubble rate ~ H™™®  67.4 x (3.24078 x 10720) = input
2.18 x 10718 571
Local-ladder Hubble rate Héloc) 73.0 x (3.24078 x 10~2Y) = input

2.37 x 10718 g1

Table 3: Side-by-side numerical validation of py = (A/87)pg under two Hy choices.

Planck-like (CMB) Local ladder
Inputs Hy = 67.4 kms ! Mpc™! =218 x Hy = 73.0 kms™! Mpc™! = 2.37 x
10718 571 O, =0.688 10718 =1, Q) = 0.700
3H?
Critical density Porit = ﬁ =853x1072"kgm™3  peip = 1.00 x 10726 kgm 3
Observed pp = Q4 Perit 5.86 x 10727 kgm ™3 7.01 x 10727 kgm 3
OpH?
A= 2 1.09 x 10752 m~2 1.31 x 10772 m~2
C
A 1. 10752 1.31 x 10752
QMU scaling p@10) = &, L0907 o107 586 Z3X0T 3541027 = 7.01
8w 8 81
10727 kgm ™3 102" kgm ™3
A 30\ H?
PA= g PG — A= —7c—, (6.4)
T C

which is validated numerically in Table 3.

Uncertainties and sensitivity

The side-by-side check in Table 3 is insensitive to small variations of constants; e.g., the CODATA
relative uncertainty in G (~ 2 x 107°) shifts pg = ¢2/G at the same level, far below the current
~ 10% spread from differing Hy determinations. Similarly, changing 2, within Planck’s reported
range alters A and p, well within table rounding. In the microphysical inference (Section 8), the
leading sensitivity of x is 0lnk/0InS = —1 (from Eq. (8.13)); thus independent priors on S¢ or
Sy immediately translate to quantitative k intervals.

7 Discussion: Physical Interpretation

The Physical Meaning of Gforce

The identity Gforce = ¢*/G shows that Gforce is a universal scale of reciprocal action (maxi-
mum/Planck force). Within APM, the same composite mg\cF,? closes Gforce Eq. (2.1), tying the
cosmic normalization to the Aether ledger.



The Physical Meaning of pg

pc = Gforce/c? is the density scale multiplying A/87 in Eq. (3.1). The dark—sector stress tensor
hence reads 7%, (A) = diag(+ppc?, —Pp, —Pp, —Py) with Py = —ppc?, so pg converts A to an energy
density.

Robustness to the Hubble Tension

Whether one adopts a lower Hy ~ 67kms~! Mpc~! (CMB) or a higher Hy ~ 73kms~! Mpc~!
(local distance ladder), the APM scale quantities Gforce and pg are universal. The observational
pair (25, Hy) merely sets the empirical A via Eq. (5.1) and, through it, the small fraction of pg
realized as dark energy, ppn = (A/87)p¢.

A Physical Origin for the Expansionary Pressure

While the present paper demonstrates that Gforce fixes the normalization of the dark sector,
the origin of the expansionary pressure can be modeled as the macroscopic outcome of ongoing
microscopic processes. As proposed in [4], two contributors are (i) quantum Casimir pressures
generated at Aether-matter boundaries and (ii) the continuous energy release from fusion and fission
across cosmic time. While Ref. [4] emphasizes Casimir nucleation, we treat stellar fusion/fission as
a second, cumulative channel entering the same ledger via p,; the inference formulas in Section 8
quantify the joint contribution. In this view, the observed p, is the coarse-grained average of these
processes, measured against the fundamental density scale pg, so that Eq. (3.1) expresses how the
universe’s cumulative quantum and nuclear outputs are normalized by the Gforce density.

8 Predicting A from Aether Microphysics

We introduce a minimal QMU Lagrangian density (Aether vector A,, gravity, and matter cou-
plings):

1 1

L= 167G i = HF#VFMV + Lacther-matter + Lehronovib (81)
u

where F),, = 9,A, — 0,A,. The A,-normalized kinetic term fixes the magnetic-like stiffness of the
Aether medium in QMU units, while the Einstein—Hilbert term defines the G weighting of curvature.
In the APM context, A, represents the coarse-grained aetheric potential; the Maxwell-type F),, F'*”
term is the lowest-order, gauge-invariant quadratic compatible with isotropy that encodes the
medium’s stiffness, with A, fixing its QMU normalization.

Tri-constant completion: ko, G, A,

Using the APM identity

2
curl = femax and A, curl = ¢, (8.2)
MeAC

the triad (kc,G, Ay) closes with ¢ as the universal bridge. This is the magnetic-dual complement
to the gravitational closure Gforce = ¢*/G.



Table 4: Microphysical parameters introduced in Section 8.

Symbol Name Physical meaning (QMU) Range

& Boundary geometry factor Morphology /orientation/packing of Casimir bound- (0, 1]
aries (localization)

Sp Boundary inventory Dimensionless boundary area per volume (XgAc) >0

« Separation scale Mean boundary separation in Compton units (« = > 1
a/Ac)

Tnuc Nuclear efficiency Mass-to-energy conversion fraction in fusion/fission ~ 1072—1072

X Aether retention Fraction of nuclear energy retained in Aether con- (0, 1]
densate

K Coherence factor Chronovibration phase coherence with pumps (0,1]

Dx Stellar mass density Ledger mass density formed over cosmic time >0

Coherence factor from microphysics (Casimir 4 nuclear)

We model the mean Aether condensate as a sum of two coherent pumps, v = vc+7N, originating from
(i) quantum Casimir boundary pressures and (ii) nuclear conversion (fusion/fission) across cosmic
time. The Lagrangian relation (p4) = ﬁ(F}wF Hy = ﬁFqQ yields the exact identity

44, 44,

7# o) = Ezz(<pA>c+<pA>N)- (8:3)

’)/:

Parameter glossary (QMU).

Casimir contribution y¢. For idealized parallel boundaries with mean separation a, the en-
ergy per area is E/A = (72/720) (he/2m) a=3 and the associated local energy density is uc ~
(72/720) (he/27) a=*. A cosmic volumetric average is obtained by the boundary-area density ¥ p
and localization factor &g:

72 he
= 4
{palc = & B 7o, 720 2w a3’ (84)
(The standard form involves h; however, this is easily translated into QMU primitives using the
identity h = me A\c? F, Fy.) Using h = mecAc and ¢ = F, /\C, 217r 2)\(; . With o = a/A¢ and
iB = ZB)\Cg
$ meF 2
_ i 8.5
(pa)e = 7115 4 10 BB 3 (8.5)
Then
4A
_ e = (3 A, —6. 8.6
© = e (pa)c 360 & X5 (8.6)




Nuclear contribution . Let M, be the comoving stellar mass formed per comoving volume,
with efficiency nu,c and Aether retention x. The cumulative condensate density is

M, 2 M.,
<pA>N = XTue 77— = XTauc 77— Fq2)\02~ (87)
Veom Veom
Defining p. = M./Veom,
4A
IN = F72u <PA>N =4 Au X Thuc Px )\02- (8'8)
q

Microphysical coherence (chronovibration). Both channels are modulated by a dimensionless
coherence factor k € (0, 1]:

Y=k %&3 Sip Ay 2 = + 4 AuX Tnue px A2 - (8.9)
IN

yc

From ~ to A (closed form prediction)

Insert Eq. (8.9) into the curl form of the vacuum fraction e (using A,curl = ¢? and ¢ =
Fo\c):
Aze = 2TF o2p2 53237+4x77 pa A2 (8.10)
- Gforce 1 360 e '

Parameter inference from A

Define the ledger combination

= " 5% A% Done Px AC2 11
S 360§B Bt 4 4 X Thue ps A’ (8.11)
%,_/ 5
S ON
so that
2T K A Gforce A pa
A= 2F 2 = = Ly 12
Gforcec ¢ S — S 27r/<cc2Fq2 21 K Fq2 (8:12)
Solvers:
A Gforce 1 A pg 1
_ = s 2 S = 8.13
27T62Fq2 S 21 F S ( )
If S =~ Sc:



- 180 o® Apg
Yip = — . 8.14
B w2 &gme K Fq2 ( )

If S ~ Sn:
1 A
@ = ; =4, (8.15)
8T X Nnuc Ac”~ K Fy
In general,
™ a m 9 A Gforce
%@ZB?;; + 4 X Nnuc px Ac” = m (8.16)

Worked inference example (numerical, for illustration)

Using A = 1.09 x 10752 m~2, pg = 2/G = 1.35 x 10*" kgm ™3, F, = 1.236 x 102 s71, \c =
2,426 x 1072 m, m, = 9.109 x 1073! kg. Priors: e = 7 x 1073, ¥ = 0.1, & = 0.1, and
k€ {1,107t 1071},

Nuclear-only. From Eq. (8.15),
px R {9.28 x 1074 9.28 x 1074, 340 x 1073 kgm =2 (k =1, 107}, 2.7 x 10~11).

Thus matching p, ~ 3 x 10730 kgm™3 fixes k ~ 2.7 x 10~ if the nuclear channel dominates.

Boundary-only. With a € {103,10%,10°}, Eq. (8.14) and & = 0.1 give

1.92 x 10724, 1.92 x 10721, 1.92 x 10718 (k= 1),
SpAa{1.92x 10723, 1.92 x 10720, 1.92 x 10717 (k= 1071),
7.05 x 1071, 7.05 x 10711, 7.05 x 1078 (k= 2.7 x 10711).

Hence for mesoscopic «, the required Sp is tiny unless k is tiny—consistent with the nuclear-only
inference.

Mixed tradeoff. Allowed pairs satisfy Eq. (8.16). For x = 2.7 x 107!}, RHS = 5.60 x 1076,
Taking p, = 3.4 x 10730 and o = 10%, & = 0.1 gives S5 ~ 7.05 x 1011,

Remark on coherence. The small x ~ 107! inferred under a nuclear-dominated assumption is
physically natural if chronovibrational phases decohere over macroscopic boundary ensembles; k
then captures a tiny net phase-aligned fraction. Crucially, x is empirically testable: laboratory
determinations of ({g, «, ) p) or astrophysical (7nuc, p«) reduce the allowed xk window via Eq. (8.13),
providing a direct test.

Parameter economy and identifiability

Equations (8.10)—(8.16) show that the observable A constrains the single ledger combination
kS with § = S¢ + Sy. Although the microphysics introduce several interpretable parameters
(¢B; 5 B, @, Tlnues X, P« ), they enter linearly via S, so the predictive content reduces to a one-parameter
degeneracy line (8.16). This is experimentally favorable: independent laboratory constraints on
&B, a, ) p) and astrophysical priors on (7nyc, p«) break the degeneracy and fix k. The framework
remains testable: once any two sub-blocks are fixed, the third is predicted.



9 Conservation Form and Stress Tensor Ledger

The dark-sector stress tensor in QMU takes the perfect-fluid form with w = —1:

T,(A) = diag(+PA62, —Pp, —Ph, _PA) , Pp=—ppc. (9.1)

10 Conclusion

We have shown that the APM quantity Gforce = ¢*/G acts as the calibration scale for the observed
dark sector. Defining pg = Gforce/c? yields py = (A/87)pg and Py = —py 2, while the empirical
map A = 3QxH?/c? expresses A directly in terms of observables. Together with the ledger closure
Gforce = 'ma)\chQ, this places the acceleration of the Universe on the same substrate-dynamic
footing as the Aether constants. Crucially, as outlined in Section 8, a minimal Aether Lagrangian
with Ay-normalized dynamics yields a dimensionless fraction € that predicts A = e, offering a
concrete and testable path from microphysics to cosmology within the QMU framework.

Summary of Identities (QMU)

ct 9
Gforce = rel =mgq Ao Fy~,
Gforce A 9
PG = 2 ] PA = S~ PG, PA:_pAca
c 8
4 AGS F2
Au = mchg 67 — mChg )‘CS Fq2, mchg — %’ €a2 — M’
accl €42 A,
| A Gmg
accl = = ,
C3 Fq2 A 2
3 QA H? o /\C F,
A= Aeg=1— q
2 led Gforce

A Internal Consistency of the QMU Ledger

Here we provide the algebraic proof that the ledger residual Ajeq is identically zero, confirming the
internal self-consistency of the model. Starting from the paired Aether identities

A, = mchg ai:l and A, = mchg\c® F,%, (A.1)
equate them to obtain
A
accl = W. (A.2)
From Eq. (4.5), accl = Cj\:;a Multiply both sides of Eq. (A.2) by )\gj and set equal:



G “ 4 4
Ao Ac® Fy Ac Fy
. )\C F‘q2 .
Multiply by to isolate the ledger product:
A
Mg AC Fq2 =G Gforce. (A.4)
Therefore,
A =1 — M — (A.5)
led = Gforce '

B QMU-only calibration of 7.,

Define QMU hats by dividing out base scales. With F; =1, curl = cg;‘ju =1, and Gforce = 1.
From Eq. (5.1), e = A = 3% With # = H/F,,

C

€
€ A Yeal o o
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