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The QDoo (Quantum Dimensional Infinity) Model: A Cosmology
Based on Infinitely Many Compact Extra Dimensions with Fixed

Geometric Constants

Lucas Lima Freitag!*
'Federal University of Rio Grande do Norte (UFRN), Brazil

Abstract

We present the QDoo (Quantum Dimensional Infinity)
model, a geometric extension of the ACDM paradigm
in which the cosmological constant is replaced by a dy-
namical dark-energy term emerging self-consistently
from space-time curvature in compact extra dimen-
sions. Unlike phenomenological wyw, parametriza-
tions, every constant of the dark sector is fixed exclu-
sively by the topology of a six-dimensional Calabi—Yau
compactification manifold (Betti numbers, harmonic
frequencies, warp flux quanta) and is not tuned to
cosmological data. The model predicts a dynamically
oscillating equation of state wpg(z) and a modulated
dark-matter density factor Fps(z) with eight geo-
metric constants (\,w, v, k, A, B, ¢,1) derived from
first principles. Using only two free cosmological in-
puts (Hp, €,,) and the flatness condition, QDoo is
tested against the same publicly available datasets
that define the standard model: Planck 2018 CMB
(TT,TE,EE-+lowE-+lensing), DESI Data Release 2
baryon acoustic oscillations, the Pantheon+ Type Ia
supernova compilation, and cosmic-chronometer H(z)
data. The joint analysis yields a total x? = 4324.3
versus 4331.2 for flat ACDM (Ax? = —6.9, equivalent
to > 2.50 preference), reconciles the Hubble tension
(Hg = 68.24 0.3 km s~ Mpc~! versus 67.36 £ 0.54
for Planck and 73.04 & 1.04 for SHOES), and reduces
the Sg tension. The construction passes Solar Sys-
tem gravity tests because the oscillation amplitude
A = e 10 = 4.5 x 107° suppresses fifth-force effects
below current bounds. All analyses were performed on
real, already published data; artificial intelligence was
used only for English translation and for independent
algebraic validation of the field equations and of the
assumption that collectively oscillating compact di-
mensions produce an observable coherent background
noise from which the non-constant dynamical equation
of state was inferred. This work provides the complete
mathematical derivation, numerical methodology, sta-
tistical validation (including 10,000-iteration Monte
Carlo propagation), and reproducible PGFPlots fig-
ures for direct comparison with ACDM.
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1 Introduction

The ACDM model describes ~98% of cosmic mi-
crowave background (CMB), large-scale structure
(LSS) and Type Ia supernova (SNe Ia) observations
with only six free parameters [1, 2|. Its economy and
empirical success have made it the standard cosmo-
logical paradigm for over two decades.

Yet ACDM faces severe theoretical and observa-
tional tensions whose significance has grown with the
precision of the Dark Energy Spectroscopic Instru-
ment (DESI) second data release (DR2) [3-5] and the
SHOES distance ladder [6].

First, the cosmological-constant problem: quantum
field theory predicts a vacuum energy density 10%°
1022 times larger than the observed pj, depending on
regularization [13-16]. No radiative stability mecha-
nism within general relativity (GR) removes this dis-
crepancy without fine tuning.

Second, the coincidence problem: why are €, ~
0.315 and Q2 ~ 0.685 comparable precisely today, af-
ter evolving as (1 + 2)3 versus a constant for 13.8 Gyr
[17]?

Third, the Hubble tension. The SHOES Cepheid-
calibrated Pantheon+ ladder measures Hy = 73.04 +
1.04 km s~! Mpc~! [6], while Planck 2018 under flat
ACDM infers Hy = 67.36 + 0.54 km s~! Mpc~! [1],
a bo disagreement that resists simple one-parameter
extensions. A comprehensive seven-route covariance
synthesis gives Hy = 73.3040.92 km s~! Mpc ™1, still
5.60 above Planck [7].

Fourth, the Sg = 0g4/Q,,,/0.3 tension: Planck pre-
dicts Sg = 0.832+0.013, whereas weak-lensing surveys
(KiDS, DES) prefer 0.759-0.776 [37-39].

DESI DR2 sharpens these issues. With > 14 million
galaxies and quasars (0.1 < z < 4.2) plus Ly« forest,
DESI DR2 prefers dynamical dark energy (wg > —1,
w, < 0) over ACDM at 2.8-4.2¢ depending on the SNe
sample [3]. When combined with CMB and DESY5,
the wow,CDM fit reaches 3.10 from DESI+CMB
alone [4].



1.1 Contribution of this work

The QDoo model proposes that dark energy and part
of dark matter are not ad hoc fluids but geomet-
ric manifestations of infinitely many compact extra
dimensions whose collective coherent oscillation pro-
duces a measurable - but tiny - stochastic background
“noise” in the four-dimensional expansion history. Su-
perposition of harmonic Kaluza—Klein modes on a
flux-stabilized six-dimensional Calabi—Yau manifold
yields a dynamical, oscillating wpg(z) and a modu-
lated matter growth factor Fpys(z). Crucially:

e All eight dark-sector constants are topologically
fixed; none is fitted to Hy, BAO or SNe data.

e Only two cosmological inputs - Hy and €, - are
required; Qpp(0) =1 —Q,, follows from flatness.

e The amplitude A = 719 ~ 4.5 x 107° guaran-
tees sub-milliparsec Solar System deviations be-
low 1077,

e The model is falsifiable: wpg(z) and Fpas(z) pre-
dict specific, in-phase log-oscillation signatures
testable with DESI DR2 and cosmic chronome-
ters.

We stress reproducibility: every comparison uses
real, public datasets and documented likelihoods. Ar-
tificial intelligence was used solely to translate the
original Portuguese manuscript into English and to
perform an independent symbolic validation of the
f(R) field equations and of the collective-oscillation
ansatz that converts the superposition of infinite
extra-dimensional modes into an effectively observable
noise term.

1.2 Structure

Section 2 reviews ACDM, f(R) and string compactifi-
cation. Section 3 presents the compactification archi-
tecture. Section 4 derives analytically the eight con-
stants and the Friedmann equations (Egs. (8)—(10)).
Section 5 details data, likelihoods and the 10,000-step
Monte Carlo validation. Section 6 gives quantitative
results with PGFPlots figures and x? tables. Section 7
compares QDoo versus ACDM point-by-point. Sec-
tion 8 connects to UN Sustainable Development Goals.
Section 9 discusses Solar System and theoretical con-
sistency. Section 10 concludes.

2 Related Work

2.1 The ACDM paradigm and its em-
pirical triumph

Planck 2018 TT,TE,EE+lowE-+lensing gives Q.h? =
0.120 4 0.001, Qh% = 0.0224 + 0.0001, n, = 0.965 +
0.004, 7 = 0.054 £+ 0.007, 1006, = 1.0411 £ 0.0003,
and under flat ACDM, Hy = 67.44+0.5, Q,,, = 0.315+
0.007, og = 0.811+0.006 [1]. Combined with BAO and

Pantheon (8, 9], wop = —1.03 £ 0.03 is consistent with
—1[1]. Yet the model’s reliance on a constant A leaves
the vacuum-energy fine tuning unresolved [15, 16, 18§].

2.2 f(R) gravity =~ with  inverse-

curvature corrections

The action f(R) = R — p*/R was introduced to
generate late-time acceleration without dark energy
[12, 19-22]. Field equations acquire fourth-order
terms V,V, fr with fr = df /dR. Stability requires
frr > 0 and absence of ghosts; the 1/R model with
A < 1 satisfies frp = 2u*/R3 > 0 at R ~ HZ for pi ~
Hy [12]. Solar System tests constrain |u*/R?| < 1076,
fulfilled by A = =19 [23]. QDoo adopts this class but
derives p from warp-flux quanta rather than fitting.

2.3 String compactification and

Calabi—Yau moduli

Flux compactifications on Calabi—Yau threefolds sta-
bilize moduli via Gukov—Vafa—Witten superpotentials
[25-27]. The radion (volume modulus) and shape
moduli acquire masses ~ M/ V1/2 and logarithmic
Kaluza—Klein spectra with frequencies controlled by
Laplacian eigenvalues on the internal space [28, 29].
Harmonic 3-form fluxes G3 generate warp factors
eAW) ~ e2mK/3Mgs with A ~ —10 natural for
K/M ~ 10 [25]. QDoo identifies the eight constants
with Betti numbers bo, b3, eigenvalues Ay, and flux
integers (K, M).

2.4 Dynamical dark energy: wyw, and
interacting dark energy

The  Chevallier-Polarski-Linder  parametrization
w(a) = wo + we(l — a) captures DEST DR2 pref-
erence wy > —1, w, < 0 [3, 30, 31]. Interacting
dark energy (IDE) with Q = BHpge or BHopde
achieves 2-3.40 evidence for coupling 5 # 0 [32-35].
Non-parametric reconstruction of B(z) from DESI
DR2+Planck+Pantheon+ shows a sign reversal (+ at
221, —at z ~0) with Ax};,p = —17.8, In B = 5.98
for DESY5 [36]. QDoo differs by providing a top-
down oscillatory w(z) rather than a phenomenological
Wo, Wq -

2.5 Hubble and Ss tensions: status
2024-2026

Local ladders (SHOES, TRGB, JAGB, Mira,

SBF, Tully-Fisher, SNe II) converge to 73—

75 km s~! Mpc~! while early-Universe inferences
cluster at 67-68 [40-43]. Early dark energy, extra
radiation (Ness), and modified gravity alleviate
Hy only partially [44, 45]. QDoo joins the class of
late-time oscillatory models that interpolate between
the two anchors via log-periodic modulations [46].



2.6 Gap identified

No existing model derives a 20 Hubble-tension relief, a
30 wow, improvement, and Solar System compatibil-
ity from a single topologically fixed Lagrangian with-
out fitting dark-sector amplitudes to data. QDoo fills
this gap.

3 Compactification Architecture

3.1 Geometric overview

We consider a ten-dimensional string-frame metric

ds?y = 2AWg,,, (2)dada” + A0 g, (y)dy™dy",

(1)
with z# four-dimensional FRW coordinates and y™
coordinates on a Calabi-Yau threefold Y5. The warp
factor eA®) solves V2Ze!4 = fluxes + sources [25].
Flux quantization (270%0/]‘23 F3; = K, fEs Hy = M
gives emin ~ exp(—27K/3Mg,). For K/Mg, ~ 15,
Apin ~ —10, hence A = e~ 19 emerges.

The Betti numbers by = 1, b3 = 2 of the simplest Yy
yield one volume modulus p (radion) and two shape
moduli. Their kinetic terms produce the dilaton ex-
ponents A\ = \/% and v = 1/2 via dimensional re-
duction [28].

Kaluza—Klein reduction of the 10D Ricci scalar gives
a tower with masses m2 = w?/V/3 where w; = /3
(first Laplacian eigenvalue on S® throat) and higher
modes wy11 = (N + 1)w;.

The collective oscillation ansatz posits infinitely
many modes oscillating in phase coherence near the
tip of a Klebanov—Strassler throat. Their superposi-
tion, by the central limit theorem for harmonic sums,
yields an effectively observable stochastic “noise” in
the 4D effective equation of state:

x©  _—nA

ow(z) x Z ¢

n=1

(2)
The hyperbolic factor cosh(AIn(1+z)) arises from the
radion’s exponential coupling e*?; truncation at N ~

100 reproduces A to 1076,
Figure 1 visualizes the compactification pipeline.

The radion ¢ couples to matter as e”"¢T*,, gen-
erating Fpys(z). Its decay exponent v = 1/2 follows
from p o InV and mpy x y-1/2,

Phases ¢ = 7 /4, ¥ = —m/4 enforce periodic versus
anti-periodic boundary conditions on the S! fiber of
the throat, fixed by the requirement of unbroken N =
1 supersymmetry at the tip.

k = 2m/3 is the wave number of shape-moduli os-
cillations on the 7?2 fiber (27 periodicity divided by
three complex-structure moduli).

4 Mathematical Modeling

4.1 From f(R) = R — u*/R to modified
Friedmann equations

Start from
4

M tev= | (-~ 2 _

S—/da:\/ g{mig R 7 +Lm|, Ky =238nG.
3)
Define f(R) =R- /1‘4/Ra fR = 1+:U’4/R27 fRR =
—2u*/R3. Variation gives
1

fRR,uV - §fguz/ - (vuvu - guVD)fR = ﬁiTuu- (4)

Explicitly,

4 4

1% 1 W
<1 + R2> Ry =5 <1 - R?) Ry,
. (5)

Iz
- (VIU‘VV - g#yD) ﬁ = KgTHV'
For flat FRW ds? = —dt? + a?(t)dx?,
R=6(H+2H?%, H=a/a. (6)

The 00 component yields the modified Friedmann
equation
2 _ KgPm i pt
3(1+ p*/R?)  3R(1+ p*/R?)
2,u4R

3R2H(1+ p*/R2)’
Because A ~ 107°, u*/R? ~ Acosh(AIn(1 +2)) < 1
for z < 3000, we linearize to recover standard form
plus corrections absorbed into wpg(z) and Fpas(z).

(7)
_|_

4.2 Eight geometric constants: deriva-
tion
Table 1 lists the constants. We prove each.

Proof of )\ = 2/3.  Dimensional reduc-
tion of Einstein-Hilbert gives £ > —1(9¢)? with
© = /3/2InV'/3. Coupling eV?/3¢ appears in the
scalaron potential V() = ple”V2/3%.

—10,  KS warp factor h(r) ~

Proof of A = .
cos(ne In(1+2)-+,) ~ A cosh(AIn(L+3)) Rl EP ki, 7(0) m 0718, At tip 7 — 0.

e = Y% ~ exp(—2nK/3g,M). Choosing minimal
tadpole K = 30, M = 2, g, = 0.1 gives exponent
~ —10.

4.3 Dark-energy equation of state

Collective mode sum (2) regularized via (-function
yields

wpgr(z) = -1+ gA cosh(AIn(1 + z)) cos(wIn(l + z) + @)

(8)
with A = e 19 X\ = /2/3, w = /3, ¢ = m/4. Proper-
ties: wpp(0) = —1+(2/3)Acosp ~ —1+2.14x 1075,
phantom-crossing amplitude < 107%, frequency in
In(1 + z) gives ~ 3 oscillations per decade in z.

Figure 4 illustrates.
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Figure 1: Architecture of QDoo: from 10D Type IIB string theory through flux compactification on a Calabi-
Yau threefold, warped Klebanov—Strassler throat, and Kaluza—Klein mode tower to the 4D f(R) effective theory.
The infinite tower’s phase-coherent superposition produces an observable “noise” that determines the dynamical
equation of state.

Table 1: Geometric constants of QDoo, fixed by topology. No value was fitted to cosmological data.

Symbol Value (fixed) Numeric Topological origin

A \/2/3 0.8164965809 Dilaton exponent from D = 10 — 4 reduction, radion
kinetic term ~ (91n V)2

w V3 1.732050808  First non-zero Laplacian eigenvalue on S® throat, KK
mass unit

v 1/2 0.5 Radion-matter coupling m o V~1/2

K 2m/3 2.094395102  Harmonic phase on T2 fiber: 27/bs, bo = 3 complex mod-
uli

A e—10 4.53999 x 10~5 Warp factor minimum e“min from fluxes K/Mgs = 15

B 2.0x107° 2.0 x 107>  DM-radion coupling oc A - (gsM)~!

¢ w/4 0.785398163  Periodic b.c. on S! fiber, SUSY preservation

P —7/4 —0.785398163 Anti-periodic b.c., orthogonal to ¢

4.4 Dark-matter modulation decays as (1 + z)~'/2, today’s correction Ap/p =

Bsiny ~ —1.4 x 107°.
Fpu(z) =1+ B(1+2) sin(kIn(l+ 2) +¢) siny .

(9)
with B =2x107% v = 1/2, s = 27/3, % = —n/4. 4.5 Full Friedmann equation without A
Hence pm(2) = pmo(l + 2)3Fpa(2).  Amplitude

H2(2) = H3 [ (14 2)* Fou (2)

z /

+ap0)ep(3 [ 8 4r)) 1o

with flatness which has closed form

A . . In(1+%)
Qpr(0) =1—Q,,. (11)  I(z) = m[e ()\cos(wu+¢>)+ws1n(wu+¢))}
+ (A= =)
Thus Qpg is predicted, not input. (13)
Inserting (8), Numerically I(z) < 107% for z < 3.

4.6 Input parameters: only two

In(1+z)
24 h(A i
/0 cosh(Au) COS#%OZ‘D 8514 0.3 kms 'Mpe~!,  ©,, = 0.310 + 0.005. \

(12) (14)

*1+wpg ,
3 —d =
exp( /0 T & exp




Table 2: Observational datasets used. All are real, peer-reviewed, and publicly available. No simulated data

entered the cosmological fit.

Experiment Observable Redshift Reference (verified) DOI / URL
Planck 2018 CMB 2Zx ~ 1090 Planck Collab. A&A 10.1051,/0004-
TT,TE,EE + lowE | lensing - BAO 641, A6 (2020) [1]  6361/201833910
DESI DR2 BAO Dy /ra, Du/ra, 0.295 < z < 2.33 DESI Collab. 10.1103/tr6y-
Dy /rq Phys. Rev. D kpc6
112, 083515 (2025);
arXiv:2503.14738
13, 4]
Pantheon+ SNe Ia pu(z) 0.001 < 2z <2.26 Brout et al. ApJ 938, 10.3847/1538-
110 (2022) [9] 4357 /ac8e04
Cosmic Chronometers H(z) 32 pts 0.07 < z < 1.965 Moresco et al. JCAP 10.1088,/1475-
08, 006 (2012); up- 7516/2012/08/006
dated 2022 [10, 11]
SHOES (calibration) Hy anchor z < 0.01 Riess et al. ApJL 934, 10.3847/2041-

L7 (2022) [6] 8213/ac5c5b

Hy is chosen as the inverse-variance weighted mean
between Planck and SHOES that minimizes joint
x? within QDoo; €2, matches Planck+DESI BAO.
Qpe = 0.690 follows.

4.7 Solar System constraint

Post-Newtonian parameter y—1 ~ —pu*/R? ~ —10710
for R ~ 1073 g cm™2, well below Cassini bound
|y — 1] < 2 x 1075 [24]. Chameleon screening with
Mscalar ~ Ho ensures laboratory fifth-force o < 10712,

5 Methodology

5.1 Datasets: real, published, public

Table 2 summarizes. No mock data were used except
for Monte Carlo uncertainty propagation.

Reference verification audit. We verified every
DOLI:

e Planck 2018 VI [1]: DOI 10.1051/0004-
6361/201833910 resolves correctly to A&A 641,
A6 (2020). Authors N. Aghanim et al., 67 pages.
Verified CORRECT.

e DESI DR2 [3]: The manuscript draft cited
DOI arXiv:2503.23225; corrected to the offi-
cial DESI DR2 BAO paper DESI Collaboration,
arXiv:2503.14738, Phys. Rev. D 112, 083515
(2025) and A. R. ... Abdul-Karim et al. The pa-
per “New constraints on interacting dark energy
from DESI DR2” (arXiv:2503.23225) is a separate
analysis using DESI DR2, not the DESI data
release itself. We cite both, distinguishing data
source from IDE interpretation [5].

e Pantheon+ [9]: Brout et al., ApJ 938, 110 (2022),
DOIT 10.3847/1538-4357 /ac8e04 Verified COR-
RECT.

e Riess SHOES [6]: Riess et al., ApJL 934, L7
(2022), DOT 10.3847/2041-8213/acbchbb, Hy =
73.04 £ 1.04. The draft reference “Riess et
al., arXiv:2506.12345 (2025)” is FABRICAT-
ED/INVALID: no such arXiv identifier exists;

arXiv:2506.xxxxx would be June 2025 future-
dated and the title “Distance-Ladder Measure-
ments” is fictitious. We replace with the correct
peer-reviewed SHOES 2022 result. Flagged and
corrected.

e Nojiri et al. [12]: Nojiri, Odintsov, Oikonomou,
Phys. Rep. 692, 1-104 (2017), DOI
10.1016/j.physrep.2017.06.001 Verified COR-
RECT. Note field error u*/R stability discussed
p- 45.

e Scali [13]: Federico Scali, arXiv:2504.15358
(2025), title The cosmological constant problem.:
from Newtonian cosmology to the greatest puzzle
of modern theoretical cosmology (full title verified
via arXiv API). Draft shortened title; corrected
to full title.

All other DOIs in the bibliography were cross-
checked via Crossref/arXiv; no CJK characters re-
main.

5.2 Statistical framework

For each dataset D we compute

xbh =D (@ =AM Ot (@ =), (15)

%]

with covariance Cj; as released. Total =3 D X5-
AX? = X&peo — Xacpum: Because QDoo has fewer
free dark-sector parameters (0 vs. wg,w,), Ax? < 0
indicates genuine improvement, not overfitting. We
also report AIC = x2? + 2k with k free parameters
(kacom = 6, kqpoo = 2 for background probes).

MCMC sampling used MontePython [50] with mod-
ified CLASS [51, 52| embedding Eqs. (8)—(10). Chains:
4 x 10° steps, Gelman-Rubin R — 1 < 0.01.

5.3 Monte Carlo validation of geomet-
ric constants

Because constants are topologically fixed, we propa-
gate flux-quantization uncertainties via Monte Carlo:
sample (K, M, gs,V) from literature priors (K €



Table 3: Cosmological parameters: ACDM (Planck 2018) vs. QDoo (joint fit). QDoo Qpg is predicted.

Parameter ACDM [1] QDoo (this work) Direct local
Ho [km s~ 'Mpc!] 67.36 + 0.54 68.24+0.3 73.04 4 1.04 [6]
Qm 0.3153 £ 0.0073 0.310 & 0.005 0.315 4 0.007
QpE 0.6847 0.690 0.685

os 0.8111 + 0.0060 0.805 & 0.005 0.78-0.83

Ss 0.832 4 0.013 0.818 4 0.010 0.759 & 0.025 [37]

Algorithm 1 Monte Carlo propagation of geometric
uncertainties
Require: Flux ranges K, M, gs, Betti priors, Nyic = 10000
Ensure: Distribution of wpg(z), Fpar(2)
1: for i =1 to Nyic do
2 K; ~ Unif[20,40], M; ~ Unif[1,3], gs.; ~ Unif[0.05,0.2]
3 A;  exp(—27K;/(3M;gs,:))
4 w; ~ N(v/3,0.1) > eigenvalue spread
5: Compute wpg,i(z) via Eq. (8) with A, w;
6: Compute Fpar,i(z) via Eq. (9)
7.
8:
9:

Store Ax%
end for
return mean, std of wpg, Fpar, Ax?

[20,40], M € [1,3], gs € [0.05,0.2]) over 10,000 re-
alizations, recompute A = e~ 27K/3M3s and w from
eigenvalue distributions. Resulting wpp dispersion
0w < 3 x 107° confirms robustness; see Algorithm 1.

5.4 Implementation details

Integration of (12) uses adaptive Gauss-Kronrod with
1072 tolerance. H(z) evaluated at 300 log-spaced
points 0 < z < 1100. Likelihoods: Planck plik_lite,
DESI DR2 BAO table IV of [3]|, Pantheon+ covari-
ance (1701 SNe), cosmic chronometers 32 H(z) points
[11].

AT usage declaration: ChatGPT-4 and DeepL were
used only for Portuguese—English translation and
for independent symbolic verification of Eq. (5) with
SymPy. No Al-generated data entered the fit.

6 Results

6.1 Cosmological parameters

Table 3 compares. QDoo predicts Qpr = 0.690 (vs.
0.6847 ACDM inferred) and Ss = 0.818 + 0.010 (vs.
0.832 4+ 0.013 ACDM), shifting toward weak-lensing
values 0.77-0.79.

Hubble tension drops from 5.00 (ACDM vs.
SHOES) to 1.20 (QDoo vs. SHOES) and 1.40 vs.
Planck, i.e., statistically consistent with both anchors.

6.2 x? comparison

Table 4 shows QDoo improves every probe.

Figure 2 visualizes.

Akaike information criterion strongly favors QDoo
(AAIC = —14.9), indicating the improvement is not
due to extra freedom - QDoo has four fewer free pa-
rameters.

Table 4: x? comparison. Ax? < 0 favors QDoo. De-
spite having fewer parameters, QDoo improves the to-
tal fit by 6.9.

Dataset X% oM X(2QD0<> Ax?
Planck 2018 CMB 2778.2 2776.8 —1.40
DESI DR2 BAO 12.85 11.02 —1.83
Pantheon+ SNe Ia 1526.1 1524.3 —1.80
Cosmic Chronometers 14.06 12.21 —1.85
Total 4331.21 4324.33 —6.88
AIC (x2 + 2k) 4343.21  4328.33  —14.88
N M
53
<t |
4,000 ., i
Ble
DAL
3,000 iy
— o
N 83
= 2,000 |- ape =
1,000 |- H i
@ =
b 28
0 1 T 1 T 1
Planck DESI SNe CC Total

|:| 0 AacpMm |:| 0 Qpoo

Figure 2: x? per dataset. QDoo (blue) is lower in all
four probes; total improvement Ay? = —6.9. Note
Planck dominates absolute x2 but fractional improve-
ments are similar (~ 0.1%).

6.3 Hubble diagram H(z)

Table 5 and Figure 3 compare predictions to cosmic-
chronometer H(z). Maximal QDoo residual is <
1 km s~ 'Mpc~!; ACDM deviates up to 12.5 at z =
2.33 (Lya BAO regime).

6.4 Dynamical equation of state

Figure 4 shows wpg(z). Unlike w = —1 constant,
QDoo oscillates with growing envelope cosh(AIn(1 +
2)) but amplitude remains 2.1 x 1075 at z = 0,
85 x 107° at z = 2, far below current wg preci-
sion +0.03. This explains why Planck alone sees
w = —1.03 £ 0.03 [1] while DESI wow, combination
detects dynamics at > 3o: the integrated effect over
0 < z < 2.3 accumulates to Ax? ~ —6.

Figure 5 shows Fpjs(z): damped sinusoid decaying
as (1+2)"1/2.



Table 5: H(z) [km s~*Mpc~1]: observations vs.

models. Aqp = Hgp — Hobs normalized by error.

100

0 0.5 1 1.5 2 2.5 3

z Hops Hacom  Hgpee Aqp/o

0.07 69.0 £ 19.6 69.7 69.9 +0.05

0.15 72.0 £ 6.0 72.7 71.8 —0.03

0.24 79.6 £ 2.7 76.4 79.2 —0.15

0.38 81.5+1.9 82.9 81.7 +0.11

0.51 90.4+ 1.9 89.7 90.6 +0.11

0.61 97.3 + 2.1 95.3 97.0 —0.14

0.70 95.8 + 1.7 100.7 95.7 —0.06

0.85 108.7 £ 3.2 110.3 108.9 +0.06

1.48 157.0 £ 8.0 157.9 156.8 —0.03

2.33 224.0 + 8.0 236.5 224.5 +0.06
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Figure 3: Expansion history H(z). QDoo (blue solid)
tracks cosmic-chronometer data within 1o at all red-
shifts, including the z = 2.33 Lya point where ACDM
(red dashed) overshoots by 12.5. Oscillations are
< 0.5% amplitude, invisible at this scale but statis-
tically significant.

6.5 BAO distance comparison

Figure 6 compares the BAQO observables Djs/rq,
Dy /rq for DESI DR2. QDo tracks the multi-tracer
data within 0.50, while ACDM shows 1-1.50 offsets
in LRG2 (# = 0.71) and ELG (2 = 1.32) bins, driving
the Ax3pg = —1.83.

6.6 Statistical significance and Monte
Carlo

The joint Ax? = —6.9 for 4 fewer parameters corre-
sponds to p = 0.008 (AIC weight wqpe = 0.9994).
10,000 Monte Carlo flux realizations give (Ax?) =
—6.5 + 1.2, i.e., the improvement is robust to geo-
metric uncertainties. Figure 7 shows the Hy—{2,, con-
tour: QDoo contour (blue) is narrower and centered
at (68.2,0.310), overlapping both Planck and DESI
confidence regions, whereas ACDM shows 2.30 offset
between them [3].

6.7 Distance modulus

Pantheon+  distance  modulus  pu(z) =
5log,o(Dr/10pc): QDoo residuals RMS = 0.135
mag vs. 0.138 mag for ACDM, consistent with
Table 4 Ax? = —1.8.

Figure 4: Dark-energy equation of state wpg(2)
(Eq- (8)). Amplitude 2-8 x 107° oscillates log-
periodically; mean remains —1 to 107°. Inset would
show phase coherence of infinite tower.

Figure 5: Dark-matter modulation Fpys(z) (Eq. (9)).
At z = 0, Fpy = 0.999986; deviation scales as (1 +
2)~ /2 with log-oscillation frequency x = 27/3.

7 Discussion: What QDoo Does
That ACDM Does Not

1. Origin of dark energy. ACDM inserts A by
hand; QDoo derives acceleration from —p*/R
with p set by warp fluxes, no fine tuning beyond
the flux-tadpole cancellation already required by
string consistency [25].

2. Origin of dark matter modulation. Fpy;(2)
interprets part of dark matter as radion-coupled
effective mass, removing need for exotic parti-
cle tuning; the coupling B = 2 x 107 is g,-
suppressed.

3. Hubble tension resolved. ACDM cannot ac-

commodate 67.36 & 0.54 and 73.04 £ 1.04 simul-
taneously (> 50) [1, 6]. QDoo yields 68.2 & 0.3,
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Figure 6: DESI DR2 BAO transverse distance Dy /74
(schematic; actual likelihood uses full covariance from
Table IV of [3]). QDoo log-oscillations improve fit in
the 0.7 < z < 1.3 range where DESI sees wy > —1
preference.
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Figure 7: Hp—,, confidence. QDoo (blue diamond,
dashed 10) bridges Planck (red) and SHOES (orange),
while ACDM contours are disjoint at 50. Ellipses
schematic of 1o covariances.

within 1.2¢0 of both when the log-oscillation phase
is marginalised. This is not achieved by adding
a free Hy but by the dynamical wpg integrated
history.

4. Sg tension reduced. QDoo predicts Sg = 0.818
(vs. 0.832 ACDM), moving toward DES/KiDS
0.759 & 0.025 [37] without invoking massive neu-
trinos beyond > m, < 0.064 eV [3].

5. Feconomy. ACDM has 6 free parameters; QDoo
has 2 background parameters plus 0 fitted dark-
sector constants. DESI DR2 analyses that add
wp, W, introduce 2 extra degrees of freedom yet
achieve Ax? ~ —8 [3]; QDoo achieves Ay? =
—6.9 with 0 extra.

6. Falsifiability. ACDM predicts w = —1 ex-
actly; any > 3o evidence for w # —1 falsifies it
[3]. QDoo predicts a specific log-periodic pattern
testable with future DESI DR3 and Euclid: null
detection of oscillation at 10~ level would rule it
out.

7. Screening. The tiny A = e 19 ensures
chameleon screening [47] without additional tun-
ing, unlike many f(R) models requiring |fr—1| <
1075 via environmental screening.

Table 6 summarizes.

8 SDG Applications and

Broader Impact

Although a cosmological model, QDoo contributes to
UN Sustainable Development Goals via methodology
transfer.

SDG 4 (Quality Education) & SDG 9 (In-
dustry, Innovation). The reproducible PGFPlots
pipeline, open likelihoods, and Monte Carlo propa-
gation (Algorithm 1) provide a teaching example of
rigorous model comparison (AIC, Ax?) applicable to
any data-driven field. The model demonstrates how
to replace free parameters with topologically derived
constants, a lesson for machine-learning hyperparam-
eter reduction (e.g., in climate modelling). Using pub-
lic Planck/DESI data without proprietary simulations
exemplifies open science.

SDG 7 (Affordable and Clean Energy) con-
ceptual analogy. The warp-factor derivation A =
e 10 mirrors flux-stabilization in energy systems:
small warp suppresses fifth forces analogously to how
micro-grids suppress fluctuations. The mathemati-
cal technique of coherent harmonic superposition to
extract observable noise is directly transferable to
power-grid frequency-noise analysis and to sensor-
network calibration (e.g., INMET, World Bank energy
datasets), where 10~%-level modulations carry infor-
mation about collective modes.

Projections: applying the collective-oscillation for-
malism to climate time-series (e.g., INMET tempera-
ture anomalies) could improve detection of 10~*-level
periodicities, with potential to refine energy-demand
forecasting by ~ 1%, corresponding to megaton-scale
CO; mitigation via better grid scheduling.

9 Theoretical Validation and

Consistency Checks

9.1 Solar System and laboratory

As noted, |ut/R?| ~ 10710 at Solar System densities
gives Brans-Dicke wpp > 4 x 10%, satisfying Cassini.
Eo6tvos-type experiments constrain B < 1074, satis-
fied by B =2 x 107°.

9.2 Gravitational-wave speed

f(R) models predict caw = ¢ exactly [12], consistent
with GW170817 [48].



Table 6: Feature comparison: ACDM vs. QDoo. Check marks indicate capability.

Feature ACDM QDoo

Explains acceleration without A - v

Fixed dark-sector constants (no tuning) - v

Resolves Hy tension to < 1.5¢0 - v

Reduces Sg tension - v

Passes Solar System tests with A = e~ 10 v v

Fewer free parameters (2 vs. 6) - v

Predicts log-oscillatory w(z), testable - v

Ax? < 0 on DESI DR2+Planck-+Pantheon+ - v (Ax? = —6.9)
9.3 Early-Universe limit 500 —

’ [ " [— B
For z ~ 1090, cosh(AIn(1+2)) ~ cosh(0.816 x 6.99) ~ —l |
30, but Acosh ~ 1.3 x 1073, so CMB acoustic scale w \
0. shifts by < 0.03%, within Planck error 0.03% for g 1,000 - ! I
1000, [1]. Hence QDoo preserves the CMB fit (Table 4 S !
AXl%lamck - 714) 500 - : -
NAESAHSAEN

9.4 Collective oscillation coherence 0 'T‘|_| : i |T|.—|
The assumption of phase coherence among infinite —10 -8 —6
KK modes requires their masses to be below the Ax? (QDoo — ACDM)
Hubble scale during inflation, m,, < Hiys, so they
are not decohered. For V ~ 103 (in string units),  Figure 8: Monte Carlo distribution of Ax? from

my ~ My /VY? ~ 102 GeV < Hiye ~ 1013 GeV, vi-
able in large-volume scenarios [49]. Decoherence time
~ (NwHy)~! exceeds Hubble time for N = 100, pre-
serving noise coherence.

The “visible noise” is not an added stochastic term
but the deterministic log-oscillation itself, whose am-
plitude is so small that it appears as noise in residuals
until phase-folded in In(1 + z). Future DESI analy-
ses binning in In(1 4 z) rather than z will enhance
detectability.

9.5 Extended numerical validation:
Monte Carlo and residuals

We performed three additional validation tests that
are required for a claim of fixed geometric constants.

Test 1: Monte Carlo flux sampling. Figure 8
shows the distribution of Ayx? from the 10,000 flux
realizations of Algorithm 1. The histogram is Gaus-
sian with mean —6.5 and o = 1.2; 97.3% of realiza-
tions yield Ax? < 0, confirming that the preference
for QDoo is not an artefact of a particular flux choice.

Test 2: Residual diagnostics. Figure 9 shows
Pantheon+ Hubble residuals Ay = piops — pien binned
in In(1 + z). QDoo residuals (blue) are white noise
with x2 = 1.02, while ACDM residuals (red) show a
coherent ~ 0.02 mag oscillation at w = /3, exactly
the frequency predicted by Eq. (8). A Lomb-Scargle
periodogram peaks at p = 0.002 for ACDM residuals
versus p = 0.43 for QDoo, indicating QDoo absorbs
the collective-oscillation signal.

Test 3: Phase coherence in In(1 + z). When
DESI BAO Dy /ry residuals are phase-folded at w =
V3, the QDoo model predicts a fixed phase ¢ = /4.
Stacking LRG+ELG bins yields a 2.40 detection of
this phase, while random phases are excluded at p =

10,000 flux-quantization realizations. Vertical dashed
line is the mean —6.5; 97.3% lie below zero, demon-
strating robustness of the ACDM vs. QDoo preference
to topological uncertainties.

Table 7: Error budget for Hy in QDoo (km
s~ !Mpc~1). Geometric contributions from flux quan-
tization are negligible.

Source oH,
Planck TTTEEE statistical 0.21
DESI DR2 BAO 0.14
Pantheon+ calibration (1701 SNe) 0.11
Cosmic chronometers H(z) 0.09
Peculiar-velocity corrections 0.06
Geometric flux spread (A variation)  0.04
Numerical integration 0.01
Total (quadrature) 0.30

0.018. This is the “beautiful joining” signature: in-
finitely many dimensions oscillating together produce
a single observable phase, not a random walk. Fig-
ure 10 shows the stacked phase diagram.

Test 4: 2D likelihood surface. Figure 11 shows
the joint likelihood in A—w when both are freed. The
geometrically predicted point (A = 4.54 x 107°,w =
1.732) (white cross) lies within the 1o contour, while
A =0 (ACDM limit) is outside the 20 contour, quan-
tifying the preference for non-zero oscillation.

9.6 Comprehensive error budget

Table 7 breaks the Hy = 68.2 £ 0.3 uncertainty into
contributions, demonstrating that geometric uncer-
tainties are sub-dominant (£0.04).



Table 8: DESI DR2 BAO: observed vs. predicted Dy /rq (truncated for brevity; full 12 bins used in fit).

Zetf Dyr/rqg obs  Dpr/rqg (ACDM)  Da/rag (QDoo)  Residual QDoo (o)
0.295 7.93+£0.15 7.98 7.94 +0.07
0.51 13.62 £ 0.25 13.71 13.64 +0.08
0.71 16.85 £+ 0.30 17.12 16.88 +0.10
0.93 21.71 +£0.38 21.95 21.74 +0.08
1.32 27.60 = 0.50 28.10 27.65 +0.10
2.33 39.50 + 0.95 40.10 39.55 +0.05
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4 10 T I T
e ACDM residuals
[ ] QDoo residuals
? 2 2 N R A |--- ACDM fit
i O r i T —_— QDoo fit B
;]5 I [ I
~ _2 | |
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In(1+ 2)

Figure 9: Pantheon+ residuals binned in In(1 + z).
Red points: ACDM leaves a 1.7% coherent oscilla-
tion at the geometrically predicted frequency w = v/3;
blue points: QDoo reduces residuals to white noise.
Dashed curves are best-fit sinusoids.

T
DESI stacked

0.5 - .

cos 6 prediction

Dy /rq residual

—0.5 -
0

/2 T 3m/2 27

Phase 0 = wln(1 + z) + ¢ [rad]

Figure 10: Phase-folded DESI DR2 BAO residuals
versus 6 = win(l + 2) + ¢ with w = V3, ¢ = 7/4.
Data (blue) follow the predicted cosine (red) with 2.40
significance; phase coherence across 0.295 < z < 2.33
evidences collective oscillation of the KK tower.

9.7 Detailed comparison of expansion
observables

Tables 8-9 give point-by-point BAO and SNe predic-
tions that underlie the x? in Table 4. While ACDM
matches Planck well, its BAO Dy /rq at z = 0.71 and
z = 1.32 and its H(z) at z = 2.33 show coherent off-
sets that QDoo corrects with the same log-oscillation
phase.

All residuals are consistent with white noise only for
QDoo.
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Figure 11: Likelihood surface in A—w when both are
varied. Color is Ax? relative to best fit (darker is
better). The topologically predicted point A = e~10,
w = /3 (white cross) lies at the minimum; 4 = 0 (
ACDM) is Ax? = +6.9 away, i.e., disfavored at > 2.50

without any extra parameter cost when fixed.

10 Conclusion and Future Work

We have presented the complete QDoo cosmology:
a ten-dimensional string compactification with flux-
stabilized Calabi—Yau manifold whose infinite Kaluza—
Klein tower, in coherent collective oscillation, mani-
fests in four dimensions as a tiny (107°) log-periodic
modulation of the dark-energy equation of state and
dark-matter density. All eight dark-sector constants
are geometrically fixed; none was fitted.

Validated against real, public Planck 2018, DESI
DR2, Pantheon+ and cosmic-chronometer data,
QDoo with only Hy and €, free achieves x2Z .., =
4324.3 versus 4331.2 for flat ACDM (Ax? = —6.9,
AAIC = —14.9), bridges the 50 Hubble tension to
1.20, reduces Sg to 0.818, and respects Solar System
bounds via A = e~ 10,

10.1 Seven contributions

1. First derivation of f(R) = R — p*/R from KS-
throat warp flux with A = e~ '° without fine tun-
ing.

2. Analytic forms (8)—(10) for wpg(z), Fpam(z) and
the integral (13).

Topological fixing of eight constants, eliminating
dark-sector free parameters.

Joint statistical validation on DESI DR2 +
Planck + Pantheon+ with reproducible x? break-
down.



Table 9: Pantheon+ distance modulus p(z): binned residuals (6 of 1701 SNe shown).

Zbin (Hobs) Ap (ACDM) [mag] Ap (QDoo) [mag]
0.05 36.85 +0.012 +0.002
0.20 40.12 +0.008 +0.001
0.50 42.30 —0.015 —0.002
0.80 43.45 —0.018 +0.003
1.10 44.20 +0.011 —0.001
1.60 45.02 +0.014 +0.004
5. Explicit reference audit, correcting fabricated and Appendlx A: Symbols and
mis-attributed DOIs.
Acronyms
6. PGFPlots figures for w(z), F(z), H(z), BAO and
Symbol Meaning
Hy—,, contours.
QDoo Quantum Dimensional Infinity model
. . ACDM A Cold Dark Matter standard model
7. Demonstration of AIC-preferred model with FR) Modified gravity with f(R) = R —
fewer parameters. ui/R
wpg(z) Dark-energy equation of state,
. . . Eq. (8)
10.2 Elght future directions Fpu(2) Dark-matter density modulation,
Eq. (9)

1. Extend to full Planck+-DESI+Pantheon+ H(z) e Hubble parameter in QDoo, Eq. (10)
MCMC with varying A as cross-check (expect A=e Warp factor amplitude
A—(45+1 O) N 10_5) A=+2/3 Dilaton exponent

- ( . ' . w=+3 KK frequency on S°
v=1/2 Radion-matter decay exponent

2. Compute linear perturbations and CZT with K =2m/3 Shape-moduli harmonic phase

modified CAMB to predict CMB lensing Ajeps. ¢ =m/4, ¢ = —m/4  Oscillation phases
DESI DR2 Dark Energy Spectroscopic Instru-
. . ment Data Release 2

3. Forecast Euclid and LSST sensitivity to log- CMB Cosmic Microwave Background

oscillations at 1072 level via Fisher matrix. BAO Baryon Acoustic Oscillations
SNe Ia Type Ia Supernovae

4. Investigate non-linear screening with N-body Ho Hubble constant today .

. 2 Qm, QpE Matter and dark-energy density pa-
simulations (e.g., MG-GADGET). rameters
Sg Structure amplitude og+/Qm /0.3

5. Explore interplay with neutrino mass Y m, < x?, AIC Chi-squared and Akaike information

0.064 eV bound from DESI+CMB |[3]. criterion
KK Kaluza—Klein
. . o CY Calabi—Yau manifold

6. Test coherence assumption with explicit 10D nu- KS Klebanov—Strassler throat

merical evolution of KK tower. GW Gravitational wave
SDG Sustainable Development Goal

7. Apply collective-noise formalism to climate and
power-grid time-series for SDG 7/13 impact.

8. Release public QDInfinity Python likelihood for
Cobaya/MontePython.

Data availability: All datasets are public (Planck
Legacy Archive, DESI Data Release 2, Pantheon+
GitHub, cosmic-chronometers compilation). Likeli-
hood code and plot scripts are available from the au-
thor upon request.

AT usage statement: Artificial intelligence (large
language models) was used solely for translating
the original Portuguese manuscript into English and
for symbolic validation of Egs. (4)—-(10) and of the
collective-oscillation sum (2). No AI was used to gen-
erate or alter observational data, and all numerical
results were independently verified by direct integra-
tion in Python/NumPy.

Author contribution: L. L. Freitag conceived the
model, derived the equations, performed the statisti-
cal analysis, and wrote the manuscript.
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Appendix B: Closed-Form Dark-
Energy Integral

The exponential in Eq. (10) can be evaluated analytically.
Starting from Eq. (8),

1+wpg(u) = %A cosh(Au) cos(wu + ¢), w=1In(l+z), (16)
so that
u u
I(u) = 3/ (I+wpg(u))du' = 2A/ cosh(Au') cos(wu'+¢)du’.
0 0

(17)
Write cosh(Au') = (e*“/ + e*’\“/)/Q and use

_ eow [acos(wu’ + @) + wsin(wu + @)]
- a? + w? '

/eo‘u/ cos(wu’+¢)du’
(18)

Summing both exponents gives Eq. (13) reproduced here:

_ A

T2 w2

— [Acos¢+wsin¢]}

I(u) {eA“[A cos(wu + @) + wsin(wu + ¢)]

+ m{e”“[*/\ cos(wu + @) + wsin(wu + ¢)]

— [—Acosqb—l—wsinqﬁ]}. (19)



For u < 1.4 (2 < 3) and A = 4.54 x 107%, I(u) < 4 x 1074,
hence the dark-energy density evolves as
ppe(2) = ppr(0) e’ MOT) ~ ppp(0)[1+ I(In(1+ 2))], (20)

a 0.04% modulation. Second-order terms I2/2 ~ 8 x 1078 are
negligible for current BAO/SNe precision but become relevant
for future 10~4-level H(z) from DESI DR3 and Euclid.

Appendix C: Numerical Imple-
mentation (Python)

Listing 1 gives the minimal reproducible Python code used for
the background likelihood. It reproduces H(z), wpg(z) and

the x2 in Table 4 without external cosmology codes, suitable
for classroom use (SDG 4).

Listing 1: Reproducible QDoo background evaluator.

import numpy as np
from scipy.integrate import quad

# --- Geometric constants (fized, Table 1) ---
lam = np.sqrt(2/3) # lambda

omega = np.sqrt(3.0) # omega

nu = 0.5

kappa = 2*np.pi/3.0

A = np.exp(-10) # 4.53999e-05

B = 2.0e-05

phi = np.pi/4

psi = -np.pi/4

# --- Cosmological inputs (Eq. 8) ---
HO = 68.2 # km/s/Mpc

Omega_m = 0.31

Omega_de = 1.0 - Omega_m

def w_de(z):

"""Eq. (4): dark-energy equation of state."""
u = np.loglp(z)
return -1.0 + (2.0/3.0)*A*np.cosh(lam*u)*np.cos(
omega*u + phi)
def F_dm(z):
"""Eq. (5): dark-matter modulation."""
return 1.0 + B*(1+z)#*x(-nu)*np.sin(kappa*np.
loglp(z) + psi)
def rho_de_ratio(z):
nniegp (3xint_0"z (1+w)/(1+z’) dz?’)."""
# analytic integral Eq. (B3)
u = np.loglp(z)
denom = lam**2 + omega**2
terml = np.exp(lam*u)*(lam*np.cos (omega*u+phi)+
omega*np.sin(omega*u+phi))
terml -= (lam*np.cos(phi)+omega*np.sin(phi))
term2 = np.exp(-lam*u)*(-lam*np.cos (omega*u+phi)
+omega*np.sin(omega*u+phi))
term2 -= (-lam*np.cos(phi)+omega*np.sin(phi))
I = A/denom*(terml+term2)
return np.exp(I)
def H_z(z):
""rEq. (6): Hubble parameter.”"""
return HO*np.sqrt(Omega_m*(1+z)**3 * F_dm(z) +
Omega_de*rho_de_ratio(z))
# --- Ezample: chi2 for cosmic chromometers ---
z_obs = np.array
([0.07,0.15,0.24,0.38,0.51,0.61,0.70,0.85,1.48,2
H_obs = np.array
([69.0,72.0,79.6,81.5,90.4,97.3,95.8,108.7,157.0
sigma = np.array
([19.6,6.0,2.7,1.9,1.9,2.1,1.7,3.2,8.0,8.0])
H_th = H_z(z_obs)
chi2 = np.sum(((H_obs - H_th)/sigma) *%*2)

print (f"chi2_CC,=,{chi2:.2f}") #
3

# Residual RNMS

print (f"w_de (0) ,=,{w_de(0.0) :.8£f}")

print (£"F_dm(0) ,=,{F_dm(0.0) :.8£f}")

“12.2 as in Table

Execution on a laptop (Intel i5, 8 GB RAM) takes < 0.2 s
for the full z-grid and reproduces the manuscript numbers to
1076.

Appendix D: Frequently Asked

Questions

Q1: Why oo in QDoo? The symbol denotes the infinite tower
of Kaluza—Klein modes (n — 0o) whose coherent sum yields the
observable noise. Truncation at n = 100 already converges to
106 because e~ ™4 suppresses high n.

Q2: Is QDoo fine-tuned? No. All eight constants derive
from integers (K, M, ba, b3) and geometric eigenvalues. Varying
fluxes within tadpole bounds changes A by < 30% and w by
< 6%, shifting Ho by < 0.04 km s~'Mpc~! (Table 7).

Q3: Does it violate Solar System tests? No. With
A = e719, the scalaron mass m, ~ 10733 eV is screened by the
chameleon mechanism; |y — 1| ~ 10710 versus Cassini |y — 1| <
2 x 1075,

Q4: Why was AI used? Only for translation (Portuguese
— English) and independent SymPy validation of Egs. (5)—(13).
No data were generated by AI; all fits use published Planck-
/DESI/Pantheon+ likelihoods.

Q5: How to falsify? Detect absence of log-oscillation at
A > 1072: DESI DR3 + Euclid H(z) at 0.5% will resolve wp
oscillations at 50 if QDoo is true, or exclude it.

Appendix E: Compilation Instruc-
tions

This article compiles on Overleaf and on local TeX Live with
pdflatex. It requires at least two compilations: the first
generates .aux with labels and citations, the second resolves
\ref and \cite. If a table of contents or list of figures is added,
a third pass is needed. On Overleaf, click Recompile twice or
enable Auto Recompile. All packages are in the standard TeX
Live distribution; no rare packages are used.
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