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We present a unified information-geometric framework – the R-layer Mode Theory (RLMT)
– in which cosmic time generation, pre-geometric cosmogenesis, and the primordial power spec-
trum are modeled through Lindblad dynamics on a finite-dimensional Ω-layer of tension modes,
with cosmogenesis represented on the SU(2) group manifold. The resulting RLMT primordial
power spectrum is a mixture of three mode-dependent base spectra (scale-invariant, high-k cut-
off, and red-tilted), implemented numerically in the CAMB Boltzmann code via SplinedInitialPower
and fitted to Planck 2018 (TT+TE+EE+lensing, lite likelihood) using Cobaya (64,600 accepted
steps, R−1 = 0.024). We obtain χ2

RLMT − χ2
ΛCDM = +12.2 with 7 additional parameters

(∆AIC = +26.2): current Planck data do not distinguish RLMT from ΛCDM. We report
this non-detection explicitly, interpret the posterior structure of the RLMT-specific parameters
(Fig. 1), and identify kc and ϵ3 as the directions where future CMB-S4 sensitivity could in
principle separate the two models.
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1 Introduction and scope

The origin of cosmic time, the emergence of spacetime geometry, and the structure of primordial
fluctuations are usually treated as separate problems in modern cosmology [1, 2]. In this work we
propose the R-layer Mode Theory (RLMT), in which all three are aspects of a single information-
geometric structure based on Lindblad dynamics [6, 7] on a pre-geometric Ω-layer and SU(2)
group geometry [9].

This paper supersedes two earlier preprints (RLMT ∞XII and ∞XIII) by (i) merging their
content, (ii) replacing asserted observational agreement with an actual Planck 2018 likelihood
fit, and (iii) reporting the result honestly. The non-detection (∆AIC = +26.2) quantifies the
sensitivity gap that next-generation experiments must close to test RLMT.

2 Physical motivation for the Ω-layer

The Ω-layer is a finite-dimensional pre-geometric Hilbert space HΩ whose tension operator T̂ =∑N
n=1AnΠn encodes proto-geometric information, motivated by three operational requirements:

(i) a projection Πobs : HΩ → O4D; (ii) a Fisher metric g
(Ω)
ij on the pre-geometric state space;

and (iii) irreversible Lindblad dynamics with monotonically decreasing relative entropy [11, 12].
This is a modeling assumption; a derivation from loop quantum gravity or string theory remains
future work.

3 Lindblad time generation on the Ω-layer

The density operator ρΩ(τ) evolves under a CPTP semigroup [6, 7],

dρΩ
dτ

= −i[HT , ρΩ] +
∑
a

(
LaρΩL

†
a − 1

2{L
†
aLa, ρΩ}

)
. (3.1)

Detailed balance yields Boltzmann equilibrium

p(eq)n =
e−βeffλn∑N
k=1 e

−βeffλk

. (3.2)

Stationarity follows by pairwise cancellation (Theorem 1); all generator eigenvalues satisfy
Reλ ≤ 0 (Corollary 1).

4 SU(2) cosmogenesis and FRW consistency

The bi-invariant metric on SU(2) ∼= S3, ds2 = dχ2 +sin2χdΩ2
2, defines aSU(2)(χ) = sinχ as the

unique SO(3)-invariant scalar (Lemma 1). Theorem 3 shows consistency with the FRW scale
factor; it does not derive the Friedmann equations. The N = 3 tension modes are motivated by
the dimension of the spin-1 representation of SU(2); this is a modeling choice.

5 The RLMT primordial power spectrum

Tension-mode weights are mapped to wavenumber via χk = arctan(k/k∗) and a softmax rule,

wn(k) =
exp[−Xn(k)]∑
m exp[−Xm(k)]

, Xn(k) = βeff cn sinpχk, (5.1)

combined with three base spectra (k0 = 0.05Mpc−1),

P1(k) = As(k/k0)
ns−1, (5.2)

P2(k) = As(k/k0)
ns−1e−(k/kc)2 , (5.3)

P3(k) = As(k/k0)
ns−1+ϵ3 , (5.4)
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to give

PRLMT(k) =
3∑

n=1

wn(k)Pn(k). (5.5)

In the limit c1 = c2 = c3, kc → ∞, ϵ3 → 0, Eq. (5.5) reduces to the standard power law, verified
numerically to relative error 3.3× 10−13.

6 Numerical implementation

6.1 CAMB implementation

Equation (5.5) is implemented via camb.initialpower.SplinedInitialPower (spline over k ∈
[10−6, 50]Mpc−1, 4000 nodes, recomputed at each MCMC step). Nonlinear corrections are
disabled (NonLinear none), appropriate for primary CMB anisotropies.

6.2 Cobaya/Planck pipeline

A custom Cobaya 3.6.2 Theory class (RLMTCAMB) provides CTT,TE,EE,BB,ϕϕ
ℓ to the standard

Planck 2018 likelihoods (low-ℓ TT+EE, high-ℓ plik lite TTTEEE, lensing). The MCMC varied
14 parameters and converged after 64,600 accepted steps (acceptance rate 0.25, R−1 = 0.024).

7 Results

7.1 Parameter constraints

Table 1 gives posterior means and 68% credible intervals. Figure 1 shows the full marginalised
posterior distribution of the 9 RLMT-specific primordial parameters.

Table 1. Posterior means and 68% credible intervals (Nacc = 64,600, R−1 = 0.024).

Parameter Description Mean ± 1σ

Background
H0 [km/s/Mpc] 67.20± 0.50
ωb Baryon density 0.02235± 0.00014
ωc Cold DM density 0.12031± 0.00112
τ Optical depth 0.05425± 0.00513

Primordial (shared)
As Scalar amplitude (2.102± 0.023)× 10−9

ns Spectral index 0.9655± 0.0164

RLMT-specific
βeff Tension inv. temp. 2.30± 1.46
c1 A-mode coeff. 1.53± 0.86
c2 B-mode coeff. 1.54± 0.85
c3 C-mode coeff. 2.50± 1.40
k∗ Mapping scale [Mpc−1] 0.273± 0.143
kc B-mode cutoff [Mpc−1] 2.83± 1.28
ϵ3 C-mode extra tilt −0.0017± 0.0514

Nuisance
APlanck Calibration 1.0007± 0.0025

Several features of the RLMT posteriors merit comment.
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• βeff = 2.30 ± 1.46: prior-dominated, indicating the tension inverse temperature is not
independently constrained.

• c1 ≈ c2 (1.53 ≈ 1.54): near-degeneracy between A- and B-mode coefficients; at scales
k ≪ kc the two modes contribute identically and cannot be separated by Planck.

• kc = 2.83± 1.28Mpc−1: cutoff well beyond Planck’s range (k ≲ 0.17Mpc−1 at ℓ ≲ 2500),
consistent with non-detection.

• ϵ3 = −0.0017± 0.051: consistent with zero at 0.03σ; the C-mode tilt is undetected.

7.2 Model comparison with ΛCDM

Table 2. Model comparison on Planck 2018 lite. kextra = 7 counts RLMT parameters beyond ΛCDM
(βeff , c1, c2, c3, k∗, kc, ϵ3).

Quantity Value Note

χ2
RLMT 948.67 best-fit −2 lnL

χ2
ΛCDM 936.44 best-fit −2 lnL

∆χ2 +12.23 RLMT worse
kextra 7 extra free parameters
∆AIC +26.23 strong pref. for ΛCDM

The positive ∆χ2 = +12.23 and ∆AIC = +26.23 (> 10: strong evidence against the more
complex model [15]) show that current Planck 2018 data strongly prefer ΛCDM over RLMT.
The physical reason is transparent: kc ≈ 2.8Mpc−1 pushes the B-mode cutoff beyond Planck’s
reach, and ϵ3 ≈ 0 makes P3 indistinguishable from P1. The RLMT spectrum is therefore
effectively a power law over Planck-sensitive scales, paying an AIC penalty of +14 with no
compensating improvement in fit quality.

8 Fisher information geometry

The Ω-layer Fisher matrix,

g
(Ω)
ij =

3∑
n=1

∂ipn ∂jpn
pn

(8.1)

(positive semi-definite by Theorem 2), is compared to the observational Fisher matrix

F obs
ij =

∑
ℓ

∂iC
RLMT
ℓ Cov−1

ℓℓ′ ∂jC
RLMT
ℓ′ + FBAO

ij , (8.2)

computed numerically at the Planck best-fit point from Sec. 7. Eigenvector alignment angles
are evaluated at this point (removing the circularity of earlier drafts). Full Fisher alignment
results with CMB-S4 forecasts will be reported in a companion paper.

9 Discussion

What is established. A reproducible three-mode mixture primordial spectrum motivated
by Lindblad/SU(2) pre-geometric structure, implemented in standard Boltzmann codes, fitted
to Planck 2018 data, and yielding a quantitative non-detection (∆AIC = +26.2) that identifies
precisely where RLMT departs from ΛCDM.

What is not established. A derivation from a more fundamental theory; uniqueness of
SU(2) or N = 3; any observational preference for RLMT.
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Outlook.

1. CMB-S4 forecasts [16]. Sensitivity at k ≳ 0.1Mpc−1 will constrain kc and ϵ3 at the level
needed to test RLMT, provided kc ≲ 0.3Mpc−1 or |ϵ3| ≳ 0.02.

2. SU(3) extension. Eight tension modes predict correlated bispectrum shapes that may
break the degeneracy with ΛCDM without adding unconstrained parameters.

A Rigorous derivations

Theorem 1. p
(eq)
n of Eq. (3.2) is stationary under detailed balance.

Proof. Pairwise cancellation in
∑

m̸=n(Γm→npm − Γn→mpn).

Theorem 2. g
(Ω)
ij of Eq. (8.1) is positive semi-definite.

Proof. vig
(Ω)
ij vj =

∑
n pn(

∑
i v

i∂i ln pn)
2 ≥ 0.

Lemma 1. Any SO(3)-invariant scalar built from ds2 = dχ2 + sin2χdΩ2
2 is a monotonic func-

tion of sinχ.

Theorem 3. Any isotropy-preserving map SU(2) → R3
FRW induces aFRW(t) = sinχ(t).

Proof. By Lemma 1, isotropy forces aFRW ∝ sinχ.

Corollary 1. All eigenvalues of LT satisfy Reλ ≤ 0.

B Code

Distributed alongside this paper: rlmt primordial.py, rlmt cobaya theory.py, planck mcmc rlmt lite.yaml,
planck mcmc lcdm baseline.yaml, analyze results.py.
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Figure 1. Marginalised posterior distributions of the 9 RLMT-specific primordial parameters (As, ns,
βeff , c1, c2, c3, k∗, kc, ϵ3) from the Planck 2018 lite fit (TT+TE+EE+lensing, Nacc = 64,600). Diagonal
panels show 1D marginalised posteriors; off-diagonal panels show 2D joint posteriors at 68% and 95%
credible levels. Note the near-degeneracy between c1 and c2 (reflecting A/B-mode indistinguishability
at Planck scales), the large uncertainty in βeff (prior-dominated), and the constraint kc ≳ 1.5Mpc−1 at
68% CL, confirming that the B-mode cutoff lies beyond Planck’s sensitive range.
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