inflation-categorical

CATEGORICAL MACROCOSM - BOOK V | APRIL 2026

PANTA RHEI RESEARCH | Research Note

Inflationary Observables Without an Inflaton
A Categorical Pre-Registration versus the End-of-202 CMB + BAO Constraints on v and n

Thorsten Fuchs’ Anna-Sophie Fuchs

April 2026
Zenodo DOl 10.5281/zenodo.19816068

Keywords Inflation -tensor-to-scalar ratio -spectral index -category theory -CMB -BAO -no inflaton -fibered product -pre-

registration

1. INTRODUCTION

Forty-four years after Guth’s original paper [2s, 35, 2],
inflation remains the dominant paradigm for the very
early universe. Its success rests on three pillars: a dynam-
ical resolution of the flatness, horizon, and monopole
problems; a predictive framework for the primordial
scalar and tensor power spectra; and a widening range
of measurements that constrain the two leading observ-
ables, the scalar spectral index 1, and the tensor-to-scalar
ratio 7 [41, 6].

The empirical state of that constraint programme, as
of the end of 2025, is the subject of Balkenhol, Camphuis,
Finelli, Benabed, Bouchet, and co-authors’ recent pre-
print [3] (hereafter B2s). B2s combines the Planck PR«
legacy likelihood with the ACT and SPT small-scale
data, BICEP/Keck through the 2018 observing season,
and the first DESI baryon acoustic oscillation (BAO)
release, and reports the joint posterior on (1, r). In the
single-field slow-roll model family [38], the B2s analysis:

1. yieldsn, = 0.9682 + 0.0032 and r < 0.034 at
95% confidence from CMB data alone;

2. yields ng, = 0.9728 £ 0.0029 when DESI BAO
is combined with the CMB likelihood, with the r
bound effectively unchanged;

3. disfavours Starobinsky R? inflation [46] (with
N, =~ 51) and the minimally coupled Higgs-
inflation scenario [5] (N, &~ 55);

4. favours monomial potentials [35, 38] and polynomial
a-attractor models [28] with N, ~ 50.

The present note asks a complementary question,
one that the B2s treatment does not address: does 2
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non-inflaton framework exist that pre-registers a point in
the (ng, 1) plane with zero free parameters, and where
does such a point land on the Bzs contours? The Panta
Rbei research programme [17, 18, 19, 23] commits to ex-
actly such a pre-registration. The programme’s inflation
chapter (Book V, Chapter 47 [19]) proves an Inflaton
No-Go Corollary from the Sector Exhaustion Theorem:
there is no sixth sector in Category 7, so there is no
scalar-field inflaton. Inflation in the programme is the
near-saturation regime of the same 7-Einstein equation
that governs the late universe; its observables are not
fitted from a potential but read out from the fibration
structure 75 = 71 X f T2,

The programme fixes the two leading inflationary
observables at

2
n, = 1-o 0.96(4)91,
I

with ¢, = 2/(7 + e) the programme’s master constant
and N, = 57 = dim(73) - W(3) = 3 - 19 the
structural e-fold count (Book V, Theorem 3.3 below).
Both identities are committed in the monograph and
in the companion Physics Ledger [22]; both are named

r =2 ~ 0.01357,

entries in the programme’s Falsification Pack [21] (N9
and Nio).

What this note does.. We proceed in five steps. Sec-
tion 2 summarises the B2s anchor result in the authors’
own terms. Section 3 presents the pre-registered cate-
gorical predictions that enter the (n,, ) plane, with
registry identifiers to the monograph and the Physics
Ledger. Section 4 is the head-to-head comparison: we
locate the categorical point on the B2s contours, quan-
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tify the tension under CMB-alone and CMB+BAO
combinations, and contrast the categorical prediction
with the monomial, a-attractor, Starobinsky, and Higgs-
inflation loci. Section 5 describes the post-cancellation
CMB reach on the 2028-2032 window (Simons Obser-
vatory + South Pole Observatory, with LiteBIRD on
the revised 2033+ timeline) and the falsification condi-
tions the programme commits to. Section 6 discusses
what the categorical framework and the B2s inflation-
landscape framework agree on, where they disagree, and
what either side would have to concede in the near-term
discriminating measurements.

Stance.. This note is not adversarial to B2s. The Bzs
analysis is a careful, well-documented compilation of the
present constraint state, conducted entirely within the
single-field slow-roll model class. Our observation is that
the categorical prediction (12, 1—2/57) is nota member
of that class, and so the B2s model-vs-data framing,
read literally, does not cover it. A joint reading—Bas’s
constraints as the observational target, the categorical
predictions as the non-slow-roll alternative—is the point
of the comparison.

Epistemic caveat.. B2sisasubmitted arXiv preprint
by established collaborations, operating inside the
decades-mature formalism of single-field slow-roll infla-
tion with standard Boltzmann/BAO likelihoods. The
Panta Rhbei programme, by contrast, is a seven-volume
monograph series that has not yet undergone indepen-
dent peer review in the conventional physics sense. Its
formal layer (TauLib) is machine-checked in Lean 4 with
the following publicly disclosed trust budget [23, 20]:
4 custom axioms (all in Book III’s bridge / spectral /
adelic layer), 3 methodological sorry declarations
(all in Book VII’s commitment structures; zero every-
where else),and ~ 1 842 native_decide leaves (each
extending the trusted computing base to the Lean native
compiler and the generated native code; see [20] for
the per-theorem disclosure). A companion note under
preparation will replace the Book VII sorrys with in-
spectable Commitment defs; it is not yet merged at the
time of this submission.

All results from the programme cited in this pa-
per carry the [T-Effective] scope label: they are derived
within the 7-framework and are conditional on Ko-K6
plus the listed axioms / native_decide extensions.
This note is therefore a conditional comparison: if Cat-
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egory Tis granted as internally valid, what alternative
pre-registration does it place on the B2 target, and does
that alternative survive the end-of-2025 data?

Notation.. We write:, = 2/(m + €) ~ 0.3413 for
the master constant; Kk, = 1 — ¢ ~ 0.6587 for the
gravitational sector coupling; L = S Ly ST for the
lemniscate boundary; =7l x ¥ T? for the fibered
product; and Wi (3) = 19 for the continued-fraction
window modulus used throughout. Registry identi-

fiers follow the monograph convention (e.g. “V.T32” is
Book V, Theorem 32).

2. THE BALKENHOL ET AL. ANCHOR: A FAITHFUL
SUMMARY

We begin with a concise summary of the B2s result in
terms that the comparison with the categorical frame-
work will use. This summary is offered not as a target
for critique but as the common ground from which the
comparison proceeds. The details, the full likelihood
pipeline, and the model-space plots are in the original

paper [3].
2.1 Data combinations

Bas reports constraints on (1, ) from four data layers:

1. Planck PR 4 legacy. Low-/ temperature and po-

larization, high-¢ temperature and polarization via
Commander and NPIPE-based likelihoods.

2. Small-scale high-resolution CMB. ACT DR6 and
SPT-3G 2018 likelihoods, providing the damping-tail
lever arm.

3. BICEP/Keck 2018. B-mode polarization data
through the 2018 observing season [6], carrying the
dominant constraint on 7.

4. DESI Year 1 BAO. BAO distance measurements
from the first year of the Dark Energy Spectroscopic
Instrument [15], providing an external angular-scale
constraint that breaks the CMB n,—(},, degeneracy.

2.2 Thejoint (n,r) constraint

Bas’s two headline numbers, which we will carry
through the rest of the paper, are:

The DESI-induced shift of the ng central value by
Ang =~ +40.005 is the single most interpretation-
sensitive feature of the B2s result and will be important
to keep in view when we compare to the categorical
prediction in Section 4. We will not take a stand on
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Combination N

7 (95% upper)

CMB alone
CMB + DESI BAO

0.9682 + 0.0032
0.9728 +0.0029

r < 0.034
(effectively unchanged)

whether the CMB-only or the CMB+BAO combina-
tion is more appropriate; we will quote the categorical
point’s deviation under each in turn.

2.3 Model-space verdicts

The B2s analysis reads the joint posterior on (n, )
against four slow-roll families.

* Starobinsky R? [46]. Predicts 7 ~ 12/N? and
ng =~ 1—2/N, —3/(2N?). At N, = 51, the
locus lands near (0.9602, 0.0046)—in tension with
the CMB+BAO n band at roughly 40. B2s report
this family as disfavoured.

* Minimally coupled Higgs inflation [s]. Same
asymptotic 7 dependence as Starobinsky, with [V, ~
55. Bas report this family as disfavoured at a similar
level.

* Monomial potentials V' oc ¢P. For integer p > 1,
the locus at N, ~ 50 traces out a narrow diagonal
in (ng,r) consistent with the CMB+BAO band.
Bas report this family as favoured.

* Polynomial a-attractor models [28]. The a-
dependent family covers a broad region including
both the monomial locus and the low-r plateau; Bas
report this family as fzvoured.

The model-space reading is concise: within single-
field slow-roll inflation, the end-of-2025 data rules
against the low-r R?/Higgs corner and favours the
intermediate-r monomial/c-attractor diagonal.

The question we now take up is: what happens
to that reading when a framework without a slow-roll
potential is placed on the same plane?

3. THE CATEGORICAL PRE-REGISTRATION

The Panta Rbei programme commits to a point
(ng,r) = (1 — 2/57,.%) in the B2s plane. This
section states the derivation chain in the order the
monograph presents it, with registry citations. We give
only the closing identities here; the full derivations are
in [19, Ch. 47] and [22]. The scope label is [-Effective]
throughout.
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3.1 The master constant and the kernel

Category 7 is the  syntactic

classifying  topos
Set[T,]—of a dependently-typed theory T’ specified
by seven kernel axioms KO-K6 on five generators
{o, 7, 7,m,w} and one progression operator p [17].

Following the vi.1 clarification in [20], the axioms

category
Syn(T,)—equivalently,  the

KO0-K6 should be read as properties of an inductive type
realised inside the calculus of inductive constructions,
not as an uninterpreted first-order signature; the present
note makes no metatheoretic claim beyond internal
derivations of that signature. The master constant

2
= = 0.3413042 ... (2)

L
T T+e

is the unique closed-form value that closes the internal
kernel arithmetic (Book I, Thm 1. T132 [17]). Both 7w and
e are transcendental, so ¢ is itself transcendental; the
adjective “closed-form” here refers to its uniqueness as a
fixed point of the kernel arithmetic, not to an algebraic-
number status. All dimensionless predictions of the
programme are rational or polynomial-in-¢.. functions
of this single constant; no continuous free parameter
enters at any level of the calibration cascade.

The cosmological arena is the fibered product =

% ¥ T2, where 7! is the one-dimensional a-base

“time”) and T? = S' x S! is the toroidal fiber
(“space”). The lemniscate L = S* v S is the one-
sided boundary shared between the two circles of T2,

3.2 Inflaton No-Go and Regime Invariance

Two structural results in Book V [19, Chs. 44 & 47]
constrain the inflationary sector:

Theorem 3.1 (Regime Invariance; V.T32 [r-
Effectivel). The T-Einstein equation RH = g p-Tis
invariant across all refinement depths. In particular, the
gravitational coupling kp = 1 — v does not run with
energy scale, depth, or regime; no new field enters in the
inflationary regime.

Corollary 3.2 (Inflaton No-Go; V.C10 [Effective]).
No scalar-field inflaton sector exists in Category T. The
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frve generator sectors {D, A, B, C,w} exhaust the con-
pling budget (3 k(X;n) = 1 at every depth); no
sixth sector is available. Consequently, r and n g are not
inflaton-potential observables: they are readouts of the
fibration structure.

The horizon and flatness problems are resolved
structurally: the fiber 72 is flat (Q,, = 0 exactly, The-

orem V.T33) and the arena 73

is compact (Proposi-
tion V.P21), so no dynamical exponential expansion
is required to produce the observed uniformity. A chart-
level readout that looks like inflation nevertheless occurs;

the next three subsections state its observables.

3.3 The structural e-fold count N, = 57

The e-fold count is a structural-integer readout of the
fibration:

Theorem 3.3 (Structural e-fold count; V [19]
Ch. 47 [r-Effectivel). The number of inflationary e-
folds between horizon exit and the end of the inflationary
regime is

N, = dim(7?) x W;(3) = 3x 19 = 57. (3)

e

The factor dim(73) = 3 counts one base direc-
tion plus two fiber circles of 7% Wy(3) = 19 is
the window modulus defined as the sum of five con-
secutive partial quotients of the continued fraction
CF(¢,) = [0; 2,1,13,3,1,1, 1,42, ...] starting at in-
dex 3:

W5<3) = a3+a4+a5+a6+a7

134341414119, ¥

The modulus is Lean-certified in TauLib under
BookIV/Electroweak/WeinbergNLO.lean [23],
where it first enters the electroweak sector as part of the
Weinberg-angle NLO closing identity. The cross-sector
reuse in the cosmology sector (as the dim(73) - W;(3)
e-fold count) is not a free parameter: the five-wide
window at starting index 3 is the coarsest window whose
closure contains the kernel’s “long tooth” a4, = 13, and
the same window choice governs multiple identities in
the Physics Ledger [22, Ch. s8a]. No continuous free
parameter is introduced; the discrete-choice budget is
disclosed in §4.4.

Remark 3.4 (What N, = 57 does and does not
say). N, = 57 isastructural integer, not a slow-roll e-
fold number tuned against an end-of-inflation condition.
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It is the number of refinement ticks of the cooling func-
tion during which the chart-level readout reproduces
exponential expansion. Within the B2s framework, this
value corresponds to IV, = 57 at horizon exit; in the
slow-roll taxonomy it is c/ose to the Higgs-inflation value
N, = 55 butarises for an entirely different reason (fiber
geometry, not potential shape).

Remark 3.5 (Pivot scale, reheating window, and
cross-sector reuse). Three honest disclosures attach
to the structural-integer reading of N, = 57:

1. Pivot scale. The comparison with Bas is at the con-
ventional CMB pivot scale k, = 0.05 Mpcf1 [41].
The structural-integer identity N, = 3 - W5(3) =
57 is not derived from a pivot-scale / end-of-inflation
matching condition; within the B2s slow-roll tax-
onomy one conventionally maps N, € [50,60]
for k, = 0.05 Mpcf1 under standard reheating
assumptions, so N, = 57 sits in the upper half of
that conventional window.

2. Reheating uncertainty. The conventional window
N, €[50, 60] reflects reheating-sector uncertainty
of order AN, ~ +£3 in the slow-roll paradigm [34].
The categorical commitment to N, = 57 exactly
(no sliding parameter) is therefore a stronger state-
ment than a slow-roll model whose N, floats inside
the reheating band; it commits to a specific point
inside the band rather than a family.

3. Cross-sector reuse, stated honestly. The window
modulus W5 (3) = 19 is not specific to inflation. It
first enters the kernel in the electroweak sector, as
part of the Weinberg-angle NLO closing identity
in Book IV, and the Lean-certified location is
BookIV/Electroweak/WeinbergNLO.lean
in TauLib [23]. Its reuse as the inflationary e-fold
window is a programme-internal design choice,
principled by the coarsest-window-containing-a,
argument of §3.3, but not independently derived
from the cosmology sector.

3.4 Spectralindex: n, =1 —2/57

The scalar spectral index inherits the structural e-fold
count through the relationng — 1 ~ —2/N,, which in
the programme is 720t a slow-roll expansion but is argued
from a-tick non-uniformity on the cooling chart. The
argument-of-record is Book V, Ch. 47, Thm V.T302
(ledger restatement [19, Thm V.T302]; not currently
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Lean-formalized at the Book V level—see the scope-of-
Lean-certification paragraph following Theorem 3.8);
the present paper takes it as given and records the closed-
form identity:

Theorem 3.6 (Spectral index; V [19] Ch. 47,
Thm V.T302 [rEffective]).
2 2

= 1—— =1— = = 0.964912...
ng N = (s)

e

The residual against the Planck 2018 central value is
+13 ppm, and the index is rational—the small integers
2 and 57 are fixed by the kernel. There is no sliding
parameter that could shift this value. The perturbation-
theoretic derivation of the specific coefficient 2 (rather
than some other small integer) is the content of the B2s
slow-roll paradigm in the conventional taxonomy and of
Book V’s a-tick argument in the categorical one; the two
routes arrive at the same numerical prediction through
different mathematics, and the point of comparison in
this paper is the numerical identity, not the derivation.

3.5 Tensor-to-scalar ratio: r = /%
The tensor-to-scalar ratio is a fiber-dimensional suppres-

ston readout [19, V.P136, [T-Effectivel]]:

Theorem 3.7 (Tensor-to-scalar ratio; V.P136 [r-
Effective]).

AT 232 4 o 0.01357. (6)

r =

The exponent 4 = 2 X 2 decomposes as the fiber dimension
(dim(T?) = 2, the two circles of the lemniscate) times the
power-spectrum order (P o |6]?).

What this paper asserts, and what the deriva-
tion requires.. This paper asserts the closed-form
4 as a pre-registration from the Panta Rhei
framework. The perturbation-theoretic derivation is not
reproduced here; the argument-of-record lives in Book V,

§ 47.4 [19, Thm V.P136], and is summarised as follows.

identity r = ¢

Tensor perturbations are D-sector frame-holonomy fluc-
tuations propagating on the base 7! and are insensitive
to the fiber; scalar perturbations are boundary-character
fluctuations of the full 73 and acquire a suppression
L, per fiber circle. The square root on amplitudes be-
comes a fourth power on the power-spectrum ratio. The
present paper takes Book V’s derivation as given and
focuses on the head-to-head comparison with Bas; a
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companion paper devoted to the perturbation-theoretic
derivation itself is under preparation.

Two consistency observations matter for the com-
parison:

* Not slow-roll. The single-field slow-roll consistency
relation predicts rgg = 8/ N, ~ 8/57 ~ 0.140 at
N, = 57. The categorical value r = 2 ~ 0.014
is roughly ten times smaller. Since e = 7/16 is
linear in 7, the corresponding slow-roll parameter
ratio is the same eqg /e, &~ 10.3. This is consistent
with Corollary 3.2: there is no scalar inflaton, so the
single-field consistency relation is not expected to
hold.

* Not tuned. The small value of r arises from ¢ ~
0.34 to the fourth, and the exponent 4 is fixed by the

fibration structure. No potential flatness is imposed.

3.6 Scalar amplitude: A, = (121/225).18(1 —
3/3)

For completeness, the scalar amplitude is also pre-
registered:

Theorem 3.8 (Scalar amplitude; V.D253, V.T198,
[—Effective]).

3
As = O['r'L’lr4.(1_%—)
= %dg-(l—g) (7)
= 2.096 x 1079,

at —1979 ppm (i.e. 0.2%) from the Planck 2018
value (2.100 + 0.030) x 107 [40]. The cocffi-
cient (121/225) = (11/15)? is inberited from
the fine-structure identity o, = (121/225).2 of
Book IV [18].

A, is not one of the two variables of the B2s plane,
but the fact that it lands at 0.2% of the observed value
is part of the programme’s commitment at the Lz layer
of the calibration cascade [22] and is relevant for the
overall consistency check in Section 6.

3.7 Summary of pre-registered values
P8 Planck 2018 [40, 41]; B* BICEP/Keck 2021 [6]; " Ledger

restatement; not Lean-formalized at the Book V level (vr reg-
istry: formalization: not_formalized). See the scope-
of-Lean-certification paragraph below for how this differs from
V.P136, V.D2s3, and V.T198. All closed forms carry scope label [7-
Effective]. Residuals are quoted as (predicted — target), with
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Obs. Closed form Numerical Target Residual Reg.

N, dim(73) - W,(3) 57 (structural)  — V, Ch. 47

n, 1-2/N, 0.96491 0.9649 + +1 x 107° VT302f
0.0042% (+13 ppm)

2dim(T2) 4 .

r LT =7 0.01357 < consistent V.P136
0.0345K

A, (121/225)28(1—:3/3) 2.096x107° 2100 + —4 x 107'2 VDas3 /
0.030™® (—1979ppm)  VTio8

ppm of the target value in parentheses. The n residual is well
inside the CMB-only 1o band of [41]; the CMB+BAO residual is
—7.9%1073 (¢ —2.720), as tabulated in Section 4.1. The A

residual is 0.2% of the target, within 1o.

Scope of Lean certification.. A reader wishing
to audit the “TauLib” pointer alongside each entry of
the table is entitled to a precise account of what Lean
actually certifies for these identities, and what it does
not.

* Lean-certified, structural plumbing. The
Lean TaulLib.BookV.Cosmology.
CMBSpectrum.tensor_scalar_ratio_thm
(for V.P136), scalar_amplitude_nlo_thm (for
V.T198), and sound_horizon_tau_thm (for
V.T191) each mechanically type-check a con-
junction of Nat-level structural fields: exponent
counts (iota_power = 4), fiber dimension
(fiber_dim = 2),
(power_order = 2),
merator and denominator (coeff_numer =
121, coeff_denom = 225), and free-parameter
count (free_params = 0). Each such theorem
is proven by a chain of rfls. This is real, but
it is narrow: Lean certifies that the structural

modules

power-spectrum  order

rational-prefactor nu-

decomposition recorded in the monograph is
internally consistent, not that the derivation from
perturbation theory is verified.

* Not Lean-certified, real-arithmetic derivation.
The real-number steps—the ¢ ~ 0.34 arithmetic,
the closed-form evaluation (2 ~ 0.01357, A, ~
2.096 x 1079, and the passage from the a-tick ar-
gument ton, = 1 — 2/57—are not currently dis-
charged in the Lean kernel. They are audited exter-
nally against the programme’s Physics Ledger [22].
The TauReal kernel (which would be needed to
close this gap) does not yet implement inverse, strict
order, T, exp, or sequential limits; registering these
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identities as Lean-checked real arithmetic is Book-V’s
Wave 3¢/3d task and is not claimed here.

* Not Lean-formalized at all. V.T302 (the n,
closing identity) and V.T301 (the N, = 57 closing
identity) are Ledger restatements from Book V,
Ch. 62; both are marked formalization:
not_formalized in the vr registry. The present
paper’s references to these two identities are
pointers to the monograph’s prose argument,
not to Lean theorems. When this paper writes
“Lean-certified” or “TauLib pointer,” it refers only
to V.P136, V.D2s3, V.T191, and V.T198; when it
writes “argument-of-record” or “registry entry,” the
claim is weaker and should be read accordingly.

The distinction is structural: the programme’s cosmology
sector is at an earlier stage of Lean formalization than its
electroweak sector (where W (3) = 19, for example, is
certified end-to-end in TauLib.BookIV.Electroweak.
WeinbergNLO). The present paper stands on the Lean-
certified structural plumbing and the external Ledger
audit, not on a Lean-certified real-arithmetic derivation

of (ng,r, Ay).

4. HEAD-TO-HEAD COMPARISON WITH B25

We now place the categorical point (ng,7) =
(0.96491,0.01357) on the B2s constraint plane and
quantify the tension under each data combination in
turn.

4.1 The categorical point on the B25 contours

The tension picture is concise. Under the CMB-
only constraint, the categorical n, is consistent at the
~ 1o level. Under the CMB+BAO combination—
where DESI’s angular-scale lever pulls 7, up by roughly
+0.005—the categorical value sits ~ 2.70 low. The
categorical 7 is everywhere consistent with the current

upper bound.
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Data combination Anchor value T-value Offset Ino

CMB alone: n, = 0.9682 4+ 0.0032 0.9682 0.96491 —0.00329 ~ —1.030
CMB +BAO: n, = 0.9728 £+ 0.0029 0.9728 0.96491 —0.00789 ~ —2.720
CMB alone: 7 < 0.034 (95%) 0.034(UL) 0.01357 — well inside bound

Remark 4.1 (BAO-dependence is the discrimi-
nating lever). The ~ lo-versus-~ 2.70 asymmetry
is not a statistical accident; it is the physics that makes
the categorical point a genuinely discriminating pre-
diction. CMB-only measurements constrain n,, at the
level of ~ 0.003, and the categorical n, = 1 —2/57
sits close to that constraint’s central value. DESI BAO
adds an orthogonal angular-scale lever (distance-redshift
rather than distance-CMB) that shifts the CMB+BAO
posterior by a physically significant amount. Future
BAO releases (DESI Year 3, Euclid, Roman) will tighten
this lever further. The categorical commitment is that
ng = 0.96491 exactly; the test is whether the combined
posterior converges on that value or diverges from it.

4.2 The categorical point versus the B25 slow-
roll models

Where does (12,1 — 2/57) sit relative to the inflation
families B2 discusses?

Three features of this table are important for the
comparison.

1. The categorical 7 is roughly 2-3x the Starobin-
sky/Higgs value and roughly 0.25x the monomial
$*/3 value. The categorical prediction thus occupies
an intermediate region not populated densely by the
four model families the B2s analysis considered—a
distinct “mid-r corridor” rather than a locus on ei-
ther the attractor-plateau or the monomial-diagonal.

2. The categorical n is structurally close to the Higgs
value (0.96491 vs. ~ 0.9636) but arises from an
entirely different source: the rational 2/57, not the
slow-roll 2/ N, .

3. The a-attractor family does cover the categorical
point in principle—its broad (n, ') band overlaps
with (0.96491,0.01357). This is a feature, not a
refutation: a-attractors cover a broad band precisely
because they carry a continuous parameter ov. The
categorical prediction has no such parameter. Itisa
point, not a band.
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4.3 Why the a-attractor overlap is not a refuta-
tion

The final item of the previous list deserves its own treat-
ment, because a reader sympathetic to the B2s framing
may reasonably respond: if the a-attractor family al-
ready covers the point (12,1 —2/57), then the categorical
fmmewor/e is not a genuine alternative—it is a specz'al
case of a known slow-roll model, lightly disguised. This
subsection addresses that concern directly.

The a-attractor family’s characteristic locus on the
(ng,r) plane is

2 . 2a

s N rooe Ni*Q’ (8)

where o > 0 is the continuous attractor parameter
and N, is the number of e-folds from horizon exit to
the end of inflation [28]. Setting NV, = 57 and solving
r =1 = 12/572 gives the tuning

572.2 3249 x 0.01357

a=—5 = G ~ 3.67. (9)

Hence an a-attractor model with (o, N, ) & (3.67,57)
reproduces the categorical point.

We emphasise that the overlap between (o, N,) =
(3.67,57) and the categorical pre-registration is not a
coincidence to be dismissed; it is the reason a comparison
with the slow-roll landscape is possible at all. The two
frameworks do agree on an overlapping region of the
(ng,r) plane. The question is how each reaches that
region, and that is where the frameworks differ:

1. Point vs. band. The a-attractor family is a band
in (n,,r) parametrised by the continuous & €
(0,00); it covers r from ~ 107% at small « to
~ 1072 at large ov. The categorical framework pre-
dicts a single point. A measurement of 7 = 0.005,
for instance, is compatible with the a-attractor fam-
ily (at o &~ 1.35 with N, = 57) but not compatible
with the categorical commitment.

2. Different sources of N, = 57. In the a-attractor
family, IV, is tuned to match the horizon-exit scale
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CMB alone
ng = 0.9682 + 0.0032

0.04 —]

0.03 —]
T (1— %, L;L.)
= (0.96491, 0.01357)

0.02 —]

o.o1 —f

inflation-categorical

BICEP/Keck: 7 < 0.034 (95%)

a-attractor band

R?, Higgs CMB + DESI BAO
(disfavoured) n, = 0.9728 4 0.0029
I T I T T T s
0.960 0.965 0.970 0.975 0.980 0.985

Figure 1. Schematic position of the categorical prediction on the end-of-2025 (n, r) plane. Blue: B2s CMB-only
posterior (nested 68% and 95%, centred on 1, = 0.9682). Orange: Bas CMB+DESI BAO posterior (nested 68% and 95%,
centred on 1, = 0.9728). Red dashed: BICEP/Keck 2021 upper bound r < 0.034 at 95% [6]. Green cluster: Starobinsky R?
and minimally coupled Higgs-inflation loci in the low-7 corner, disfavoured by B2s. Purple: monomial / c-attractor favoured
zone at N, =~ 50. Cyan: full a-attractor band with continuous parameter o varied over its physical range; see Section 4.3.
Gold star: categorical zero-parameter pre-registration (ny,7) = (1 —2/57, 1) = (0.96491,0.01357). Ellipse shapes are
schematic; they are not drawn to scale in the r direction. Actual B2s posteriors, which we did not re-run, are asymmetric and
consistent with 7 = 0 because the BICEP/Keck likelihood peaks there. The schematic is intended only to communicate the
relative horizontal placement of the two Bas n posteriors and the categorical gold-star point; a reader requiring quantitative

posterior overlap should consult the B2s paper [3] directly.

and the end-of-inflation condition; it floats between
~ 50 and =~ 60 depending on the reheating history
and the pivot choice. In the categorical framework,
N, =3-Wy(3) = 57 isastructural integer fixed
by the dimension of 73 and the continued-fraction
window—there is no reheating input, no pivot in-
put, no sliding. If a future measurement were to es-
tablish IV, # 57 at high significance, the a-attractor
family would absorb the result by adjusting its free
parameters; the categorical framework would be
refuted.

3. The joint prediction is mismatched. The - at-
tractor family at (o, N,) = (3.67,57) matches
on the two observables (n, ) that we have placed
on the B2s plane. It does not also predict the
correct fine-structure constant ot = 137.036,
the correct mass ratio m,, /m,, the correct scalar
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amplitude A, = 2.096 x 1079, or any of the
other sixty-four zero-parameter dimensionless con-
stants of the Physics Ledger [22] (67 entries in to-
tal minus the three inflationary observables already
named)—those are inputs to the a-attractor theory,
not outputs. The categorical framework issues all of
them from the same kernel.

In short:  the overlap at (n,,7) =
(0.96491,0.01357) is real, but it is a single-point
coincidence between a one-parameter family and
The post-

cancellation CMB programme on the 2028-2032

a zero-parameter structural prediction.

window (Simons Observatory expanded SATs plus
the South Pole Observatory, with LiteBIRD joining
on its revised 2033+ schedule) will either drive the
a-attractor posterior to a tight neighbourhood

of (a, N,) =~ (3.67,57)—which the categorical
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Family Approx. locus (at NV,) ng T
Starobinsky R? (N, = 51) (~1—-2/N,,12/N2) ~0.9602 =~ 0.0046
Higgs inflation (N, = 55) (~1—-2/N,,12/N32) ~0.9636 =~ 0.0040
Monomial ¢? (N, ~ 50,p = (=~ 1—(p+2)/(2N,), 4p/N,) ~0.9733 =~ 0.0533
2/3)

ac-attractor (broad) broad band 0.96-0.98 1074-10"2
Category T (1—-2/57,1%) 0.96491 0.01357

framework has already committed to—or it will drive
the posterior elsewhere, at which point the a-attractor
family will absorb the displacement and the categorical
framework will not. The discriminating power of the
comparison is not in the present overlaps; it is in the
structural rigidity of the categorical commitment under
future posterior movement.

4.4 The discrete-choice budget: fit-space en-
gaged

A reader familiar with fit-space / numerology concerns
may object: surely any (n,, ) near (0.965, 0.01) can be
hit by some clever algebraic combination of 7 and e, and
the agreement here is no more than coincidence. This
subsection takes the objection seriously, in the spirit
of Tegmark’s “anthropic-fit” critique [47], the Ijjas—
Steinhardt-Loeb anti-inflation fit-space argument [27],
and Kinney’s subsequent review of the fit-space versus
landscape distinction in inflationary theory [31].

The per-observable discrete-choice budget..
The categorical closing identities at L; are built from a
deliberately finite alphabet of structural ingredients. For
any single dimensionless observable (, the programme’s
fit space for that observable consists of choices drawn
from:

* arational-prefactor library of approximately 50 sim-
ple fractions with small numerator and denomina-
tor (1,2/3,121/225,1 — 1/3, ...)—the library is
bounded by the requirement that every prefactor
name a rational-number product of kernel structure
constants;

* an exponent library of approximately 10 small
signed integers { —7, —4,—2,2,4,7,18} and a few
compound exponents (dim(7?) - 2, 2 - diim(7?)),
bounded by the requirement that the exponent
name a structural count from the fibration;

* awindow-sum library W), (n) indexed by pairs (k, n)
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of small positive integers, each realising one attested
window of the continued-fraction expansion of ¢
Across the Physics Ledger the attested values are
W5(3) = 17, W5(4) = 5, W,(3) = 18, and
W5(3) = 19; each is used in a specific cross-sector
role and the choice of window is not free once the
closing identity has committed to a (k, n) pair;

* asmall correction-kernel library (such as the k p =
1 —¢,and Kk, = ¢,/(1 + ¢,) correction kernels of
Book IV) that either appears or does not in a given
closing identity.

A fair upper estimate for the per-observable discrete-
choice budget, taking the cartesian product of these
libraries, is of order 106~107 —consistent with the esti-
mate an adversarial reviewer would derive from combi-
natoric counting alone. Taking the larger figure, a single
match on (n,, ) at the observed ~ 1073 fractional
precision is zot surprising on its own: it sits comfortably
within the expected single-observable fit-space of ~ 107.

Why the joint prediction is the actual claim..
The programme’s defence is not that any single match
on (ng,r) is decisive—it is that the same ¢, and the
same discrete-choice budget, applied across 67 dimen-
sionless observables in Book IV and Book V, lands every
one of them inside its CODATA 2018 / Planck 2018 /
PDG 2024 measurement window at the stated preci-
sion tier. The full per-row residual tabulation is in the
Physics Ledger [22]; the inflationary rows (n,, 7, A,)
are three of those 67. Under the naive independence
assumption, the probability of a random 67-observable
draw from a 107-wide per-observable fit space landing
every observable inside its measured window is astro-
nomically small, but the naive assumption is not what
the programme claims. The 67 residuals share structural
integers (3, 4, 19, 57), a common master input (¢.), and
repeated rational prefactors (notably 121/225 reused
across the electroweak and inflation sectors); they are
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therefore strongly coupled. A provisional internal count
of the number of 7ndependent structural choices enter-
ing the Physics Ledger closings gives an effective rank
in the neighbourhood of 10-15, not 67—reviewers R3
and R4 both surfaced this point, and the programme
has accepted it as the honest upper bound on the dis-
criminating power of the joint residual surface.

What the programme therefore claims is narrower
than “67 independent residuals all land inside their win-
dows.” Itis: a ten-to-fifteen-parameter structural com-
mitment reproduces the measured values of every one of 67
dimensionless observables at the stated precision, with no
per-observable tuning. That is meaningfully stronger
than a one-parameter posit—a single-parameter Ansatz
does not have the rank to reach 67 windows at all—but
it is weaker than the naive “product of independent
107 7s” reading a casual audit might extract, and the
present paper does not claim the naive product.

What the programme is not claiming.. Three
hOIlCSt concessions:

1. Theinflationary pair (ng, r) = (1—2/57, ¢2), con-
sidered on its own and without the rest of the Physics
Ledger, does ot by itself discriminate the categor-
ical framework from an a-attractor at &« ~ 3.67,
N, = 57 (see §4.3). The discrimination rests on the
joint structural surface at its honest effective rank
(~10-15), not on a naive 67-observable product.

2. Individual exponents (such as 57 = 3 - 19) are
constrained by structural integer choices, not forced
by a uniqueness theorem outside the programme’s
internal registry. An external observer is entitled to
ask whether the specific choice W5 (3) (as opposed
to W3(4) = 5 or W,(3) = 18) is principled; the
programme’s reply, spelled out in §3.3, is that W5 (3)
is the coarsest window whose closure contains the
kernel’s long tooth a, = 13 and that the same
choice governs multiple cross-sector identities.

3. The per-observable fit-space estimate of ~ 107 is an
upper bound, not a precise calibration; a genuine
fit-space calculation across the full Physics Ledger
is future work [22, Ch. s8a]. A minimum-viable
first instalment—a fit-space rank-audit restricted to
the electroweak sector—is in preparation as a com-
panion Tier-1 note and will be the first quantitative
check on the effective-rank estimate used here.
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Where the discriminator lives.. The discriminat-
ing power of the programme’s claim is therefore #oz in
the present overlap with a-attractor @ ~ 3.67. Itis
in two places: (a) in the joint structural surface of the
Physics Ledger at its honest effective rank of ~10-15
(quantified in the forthcoming electroweak-sector fit-
space companion note), and (b) in the behaviour of
the categorical point under future posterior movement
(see §4.3). The post-cancellation CMB programme on
the 2028-2032 window (Simons Observatory expanded
SATs + South Pole Observatory, with LiteBIRD join-
ing on its revised 2033+ schedule) is the test of (b); the
Physics Ledger residual audit is the standing test of (a).

5. FALSIFICATION SURFACE

The categorical pair (n, = 1—2/57, r = (1) is named
in the programme’s Falsification Pack as entries N9
and Nio [21]. The falsification reach is tied to the sched-
uled 2025-2035 CMB programmes.

5.1 N9: tensor-to-scalar ratio on the
2028-2032 window

Landscape after the July 2025 CMB-S4 can-
cellation.. The previous version of this note—and
the v Falsification Pack [21]—cited the CMB-S4 design
sensitivity o(r) &~ 0.001 [12] as the primary 2028-2032
lever on the tensor-to-scalar ratio. That design is no
longer on the schedule: the joint DOE / NSF deci-
sion of 11 July 2025 [11, 7] terminated the CMB-S4
project following a reduced-scope re-baselining exercise
of 4 June 2025 [13]. The Panta Rhei programme takes
that decision as a point of scholarly disclosure and retires
CMB-S$4 as an assumed component of the 2028-2032
sensitivity stack. The post-cancellation landscape on the
same window comprises:

* the Simons Observatory with an expanded small-
aperture-telescope configuration [42], forecast to
reach o(r) ~ 0.003 on its nominal s-year pro-
gramme, tightening to roughly 0.002 with delensing
from the Simons Observatory large aperture tele-
scope [43];

¢ the South Pole Observatory—the joint SPT-3G+
upgrade of SPT-3G Dr [45] and the BICEP Ar-
ray [6]—retained at the South Pole after the CMB-
S4 cancellation [32];

* the LiteBIRD satellite, whose JAXA formal launch
window slipped from JFY2032 to JFY2033+ under
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the KDP2 approval of December 2025 [29, 36], with
a Phase B2 extended study through JFY2036.

The realistic post-cancellation sensitivity on the
2028-2032 window is therefore o (r) € [0.002, 0.003],
driven by Simons Observatory plus the South Pole Ob-
servatory, with LiteBIR D joining on the revised timeline;
an optimistic reach of o(r) € [0.001, 0.002] becomes
available once LiteBIRD is on-sky. At o(r) = 0.003,
the categorical commitment 7 = 0.01357isa ~ 4.50
detection against the null and a ~ 3o discriminator
against the Starobinsky / Higgs locus 7 ~ 0.004; at
o(r) = 0.001 (optimistic end-of-decade), it tightens
to ~ 140 against null and ~ 100 against Starobinsky
/ Higgs. The honest headline is the realistic end: Nog
is a ~ 3-50 discriminator on the 2028-2032 window
against the slow-roll families B2s favours.

Formally, N9 commits to:

* Required detection. A positive detection of 7
consistent with 0.01357 + o,. on the 2028-2032
window, with o, the realised joint Simons Observa-
tory + South Pole Observatory (+ LiteBIRD, when
available) precision.

* Falsifier I. A measurement of r centred in the
R?/Higgs region (r =~ 0.004-0.005) at > 50 reso-
lution.

* Falsifier II. A measurement of 7 centred in the
monomial region (r = 0.02-0.03) at > 50 resolu-
tion.

* Framework-terminal. A measurement excluding
7 in the range [0.010, 0.018] at > 50 forces a retrac-
tion of V.P136.

Intermediate annual targets.. Because the post-
cancellation schedule no longer delivers a single end-
of-decade data drop, the programme pre-registers the
following intermediate targets so that the falsification
posture is reportable annually rather than only once:

* N9’ (SO first-season results, target ~2027). Un-
der the Simons Observatory nominal 2-year early sen-
sitivity o/(7) ~ 0.005, the categorical isa ~ 2.70
separation from the null, and a ~ 1.80 separation
from the Starobinsky / Higgs locus.

* N9” (SO + SPT-3G+ + BICEP Array, target
~2030). o(r) ~ 0.003, at which point N9 be-
comes a ~ 4.50 detection and a ~ 3o slow-roll-
alternative discriminator.

* N9o” (+ LiteBIRD, target ~203s). o () ~ 0.001,
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at which point N9 converges to the realised end-state

discrimination.

These are not additional falsifiers; they are interme-
diate reporting points for the same single commitment
R

5.2 N10: spectral index under CMB + near-
future BAO

The CMB-only precision on n, will improve to the
o(ng) € [0.0015,0.0020] band on the 20282032
window with the post-cancellation stack (Szmons Ob-
servatory, South Pole Observatory, and LiteBIRD join-
ing on the revised JFY2033+ schedule [29]) combined
with Planck PR4. The BAO lever is scheduled to
tighten through DESI DR2 [16], DESI Year 3 (target
~ 2027), and the Euclid and Roman surveys. Joint
ACT-SPT-Planck lensing [37] contributes an indepen-
dent lever on the CMB side. N1o commits to:

* Required consistency. n, = 0.96491 + o,,_
under the joint CMB + end-state-BAO posterior.

* Falsifier. A measurement of n, lying outside
[0.955,0.975] at > 50, under any well-established
CMB + BAO combination. (Under the current
CMB+DESI-BAO combination Ba2s report nn, =
0.9728 + 0.0029, which lies inside this band; the
present categorical point sits at ~ 2.70 from the
central value, and will either move into tension or
toward consistency as the BAO and CMB levers
tighten by 2028-2032.)

* Framework-terminal combined with Nog. Si-
multaneous > 50 exclusion of both 7 = 12 and
ng = 1 —2/57 is a cosmology-sector failure of the
kind itemised in the programme’s Three framework-
terminal scenarios (Cosmology tier-A failure).

Intermediate annual targets.. As with No, the
post-end-of-2025 schedule for n, no longer delivers a
single end-of-decade data drop; it delivers a sequence.
The programme pre-registers the following intermediate
targets so that the N1o posture is reportable annually
rather than only once:

* N1o’ (DESI DR2 + ACT DR6 + SO first season,
target ~2027). Under the joint CMB+BAO preci-
siona(n,) ~ 0.0025 available once DESIDR2 [16]
and ACT DRG6 [1] combine with Simons Obser-
vatory early data, the categorical n, = 0.96491
sits at ~ 1.10 below the current B2s CMB+DESI-
DR central value 0.9728, and at ~ 0.60 below
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the CMB-only Bas central value 0.9682. The 2027

report is directional: either the DRa shift moves the

posterior toward the categorical value (softening the
present ~ 2.70 CMB+BAO tension) or away from
it (hardening).

* N1o” (DESIDR3 + SO full + ACT-SPT—Planck
lensing, target ~2030). Under o(n,) ~ 0.0020,
the categorical commitment becomesa ~ 1.5-2.50
separation from whichever central value the joint
posterior converges to. This is the first window in
which Nro is a genuine discriminator rather than a
consistency report: a central value pulled to > 0.972
ato = 0.002 displaces ng, = 0.96491 at > 2.50;a
central value pulled to < 0.968 puts the categorical
commitment back inside the 1o band.

* N1o” (+ Euclid + Roman BAO + LiteBIRD,
target ~203s). Under the end-state o(n,) €
[0.0015, 0.0020] from the full Euclid/Roman BAO
lever [40] combined with LzteBIRD [36] and the
post-cancellation CMB stack, Nr1o converges to the
realised end-state test.

As with No’—No”, these are not additional falsi-
fiers; they are intermediate reporting points for the same
single commitment n, = 1 — 2/57. The falsifier re-
mains: n, outside [0.955,0.975] at > 50 under any
well-established CMB+BAQO combination.

Remark 5.1 (Over-specification is deliberate).
Both N9 and Nio are over-specified in the sense of the
Falsification Pack’s posture: the programme publishes
the commitments before the measurements, accepts
that any one tier-A miss suffices to refute the sector,
and refuses to interpret a measurement inside either
window as “not really part of the framework” after the
fact. The two entries exist separately so that a single-axis
failure is recorded as a single-axis failure and does not
get laundered into a two-axis tension.

5.3 Pre-registration, what it means here

The word “pre-registration” is used in this paper in a
specific sense that a careful reader is entitled to audit.
Three points of honest disclosure:
1. Status at time of writing (April 2026). The
B2s measurement of n, under CMB+DESI BAO
([3], arXiv:2512.10613, posted 2025-12-12) was already

public at the time the present paper was drafted. The
4

categorical commitments ng, = 1 —2/57,r = .7,
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and A, = (121/225) 118(1 — 13 /3) were however
antecedent to this Bzs result: each is written into the
Panta Rhei Book V (first edition draft, 2025Q3) and
into the Physics Ledger [22] as a closed-form identity
with a TauLib module pointer. The present paper
does not claim pre-registration with respect to Bzs;
it claims pre-registration with respect to the near-
term CMB programmes (Simons Observatory, the
South Pole Observatory’s SPT-3G+ / BICEP Array
configuration, and LiteBIR D on its revised JFY2033+
schedule) that will report through the 2028—2032
window and into the mid-2030s, and with respect
to future CMB+BAO combinations.

2. Audit trail. A reader wishing to verify the
antecedence claim in (1) can inspect the
pinned Panta Rhei monograph release in

(PantaRhei-1stEd,

tag v1.0, posted 2025-09) and the TauLib

repository (github.com/Panta-Rhei-

Research/taulib) at its 2025Q3 commit

history, where the relevant closed-form identities

the 1st-edition-archive

were already present. The present paper does not

treat these references as author-attested; they are

auditable on the public record.

3. What is and is not pre-registered. The 67 dimen-
sionless observables of the Physics Ledger are pre-
registered in this sense. A subset have already been
measured (fine-structure constant, m,, /m,, n; un-
der CMB-only, etc.); for those, “pre-registration”
means only that the closed-form commitment was
written into Book V prior to examining the mea-
surement, not that the measurement was unknown.
Another subset (notably , the A, /n relation, the
n,-BAO shift, neutrino-sector observables) are gen-
uinely pre-registered in the stronger sense: the au-
thoritative measurement will come after this paper’s
submission, and the categorical commitment is on
the record in advance.

The distinction between the two senses of “pre-
registered” is the one that matters for honest discrimina-
tion between a theory and a fit. The categorical inflation
commitments belong to the second sense with respect
to the Simons Observatory / South Pole Observatory /
LiteBIRD programme, and to the first sense with respect
to the already-measured B2s CMB-only n.

6. DISCUSSION
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6.1 What B25 and Category ragree on

Three agreements are worth stating plainly.

1. Rapid expansion at early times. Both frameworks
agree that the chart-level readout at early times repro-
duces an approximately exponential scale factor—
whether generated dynamically by an inflaton, as
in B2s’s model class, or structurally by the near-
saturation regime of the 7-Einstein equation, as in
the categorical framework.

2. Small r is favoured. B2s’s 7 < 0.034 (95%) bound
and the categorical commitment 7 = ¢} ~ 0.014
both require r small. Neither framework expects a
large-r detection near 0.1.

3. The tilt n, < 1 is real. Both frameworks re-
quire the primordial scalar power spectrum to be
red-tilted, with 1, near 0.965. The n, < 1 datum
is a framework-independent observational fact; B2s
and Category 7 only disagree on its source.

6.2 Where they disagree

The disagreement is threefold.

1. The existence of the inflaton. B2s assumes a single-
field slow-roll inflaton; the categorical framework
forbids it (Corollary 3.2).

2. The origin of n,. In B2s’s families, 1, is a smooth
function of a continuous N,; in the categorical
framework, n, is a rational 1 — 2/57 fixed by the
kernel.

3. The origin of r. In B2s’s families, 7 is a slow-roll
quantity o< 1/ N2 (concave potentials) or oc 1/N,
(convex potentials). In the categorical framework,
r =} is a fiber-dimensional suppression: geomet-
ric, not potential-shape-dependent.

6.3 What the near-term measurements will de-
cide
The categorical prediction sits inside the present
CMB-only contour on ng at ~ 1o and outside the
CMB+BAO contour at ~ 2.70. It is below the present
r bound by a factor of ~ 2.5. The 2028-2032 window,
under the post-cancellation CMB programme (Simons
Observatory expanded SATs + the South Pole Observa-
tory, with LiteBIR D joining on the revised JFY2033+
schedule), brings  into the o ~ 0.002-0.003 regime
realistically and o ~ 0.001-0.002 optimistically
once LiteBIRD is on-sky; n, tightens in parallel to
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o(ng) € [0.0015,0.0020] combined with ongoing
DESI and the Euclid / Roman BAO levers. At those
sensitivities the categorical commitment becomes a
~ 3-50 discriminator against the Starobinsky / Higgs
and monomial families.

There are three outcomes the programme commits
to in advance:

1. Convergent confirmation. r settles near 0.014
and n settles near 0.9649 under the end-state CMB
+ BAO posterior. N9 and Nio are satisfied; the
programme’s inflation sector is empirically validated.
2. Starobinsky/Higgs confirmation. 7 is measured
in the [0.003, 0.006] band at > 50. The categor-
ical N9 commitment fails; the programme’s fiber-
dimensional-suppression derivation of 7 is retracted.
3. Monomial confirmation. 7 is measured in the

[0.02, 0.04] band at > 50. The categorical N9 com-

mitment fails in the opposite direction; same retrac-

tion.

In either of outcomes (2) or (3), the programme’s
cosmology branch is refuted, and the B2g slow-roll read-
ing is vindicated on its own terms. In outcome (1), the
categorical pre-registration carries a piece of evidence
that the B2s model-space reading does not cover—not
because B2s erred, but because the categorical prediction
was not in the model class B2 considered.

Annual-reporting posture.. Because the post-
cancellation schedule delivers a sequence of data drops
rather than a single end-of-decade result, N9 and
Ni1o are now reportable at three intermediate points
each (§s.1, §5.2): N9o'/N1o’ (target ~2027, Simons
Observatory first-season plus DESI DR2 and ACT
DR6), N9”/N1o” (target ~2030, joint SO + South Pole
Observatory + DESI DR3 + lensing), and No” /N1o”
(target ~203s, LiteBIR D joining the stack, plus Euclid
and Roman). The programme commits to an annual
status note against these targets rather than a single
end-of-decade verdict. Each intermediate report will
state (a) the realised o () and o(n, ), (b) the distance in
o from the categorical central values, and (c) whether
any of the framework-terminal exclusion conditions
have been met.

6.4 Relation to non-inflaton early-universe pro-
posals

A reader familiar with the wider early-universe-
alternatives literature will note that the categorical
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framework is not the only programme that rejects the
single-field slow-roll inflaton. A partial accounting of
neighbouring non-inflaton proposals, and the specific
points of contact with and of departure from each:

* Ekpyrotic / cyclic scenarios. Khoury, Ovrut, Stein-
hardt, and Turok [30], Lehners [33], and Ijjas and
Steinhardt [26] have long argued that a contracting
phase with a steep negative potential reproduces
the observed n, without an inflaton, and predicts
avery small r (typically r < 10*4), well below the
categorical 7 = 12 ~ 0.014. The categorical frame-
work agrees with the ekpyrotic programme on the
rejection of single-field inflation but disagrees on
the direction of 7: a detection at r ~ 0.014 by
the post-cancellation CMB stack (Simons Obser-
vatory + South Pole Observatory, and eventually
LiteBIR D) would simultaneously falsify ekpyrotic
scenarios and confirm the categorical commitment,
while a non-detection of 7 once combined sensitiv-
ity reaches o () ~ 0.001 would be simultaneously
consistent with ekpyrotic and refutative of the cate-
gorical framework.

* String-gas cosmology.
Vafa [10], Nayeri, Brandenberger, and Vafa [39],
and Brandenberger [9] derive near-scale-invariant

Brandenberger and

perturbations from a Hagedorn-phase thermal
ensemble of strings on a compact background.
The prediction for 7 depends on the string-scale
dynamics and is typically comparable to or larger
than slow-roll inflation’s; the spectral index tilt
arises from the compactification radius rather than a
potential slope. The categorical programme shares
the structural—rather than dynamical—origin of
the tilt with string-gas cosmology, but commits to
a specific rational ng, = 1 — 2/57 that string-gas
does not.

* Non-singular bouncing cosmologies. Battefeld
and Peter [4] and Brandenberger and Peter [8] survey
the wider bouncing-cosmology literature. Bouncing
models replace the initial singularity with a finite-
curvature bounce; their predictions for (n, ) cover
a wide range. The categorical 7Einstein equation is
also bouncing-compatible in its regime-invariant for-
mulation, but its specific (ng, ) = (1 —2/57, 12)
commitment is stricter than the general bouncing-
cosmology posterior.

* Pre-big-bang scenarios. Gasperini  and
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Veneziano [24] posited a duality-symmetric
pre-big-bang phase in low-energy heterotic string
theory. The predicted tensor spectrum is blue-tilted,
distinctively different from both the slow-roll
expectation and the categorical commitment; a
detection of r a~ 0.014 with a red tilt would
disfavour pre-big-bang.

* Galilean genesis. Creminelli, Nicolis, and
Trincherini [14] proposed a NEC-violating starting
phase driven by a conformal Galilean Lagrangian.
Predictions for (n,,r) depend on the specific
construction; the categorical framework neither
shares nor contradicts the genesis mechanism but
does differ on the specific numerical commitment.
The categorical framework is therefore one of several
non-inflaton early-universe proposals in the current lit-
erature. What distinguishes it from the others is not the
rejection of the inflaton—which most of them share—
but the commitment to a specific pre-registered rational
point (ng, r) = (1 —2/57, +}) with zero continuous
free parameters, and the embedding of that commitment
in a 67-observable calibration cascade (Physics Ledger,
§4.4) in which the inflationary pair is tied to the rest
of the programme’s fundamental-physics predictions.
The other proposals above are inflation-sector-only; the
categorical framework’s cosmology sector carries a de-
pendence on the kernel that the other proposals do not.

6.5 The wider question: is “inflation” about an
inflaton, or about an observation?

A final remark about framing. B2s’s title—/Inflation at
the End of 2025—aligns with a field-wide convention in
which “inflation” names both the phenomenological
signature (nearly scale-invariant gaussian primordial per-
turbations with n, near 0.965 and small-to-moderate
r) and the specific dynamical mechanism (a single-field
slow-roll inflaton). The two usages are not the same.
The categorical framework agrees with the first and
rejects the second. This note is, in part, a plea for a con-
vention that keeps the observational signature and the
dynamical mechanism separable: the signature is what
the data measure, the mechanism is what a theory posits.
A pre-registered alternative mechanism that reproduces
the signature is a falsifiable scientific proposal on its
own terms—whether or not it fits inside the historical
inflaton taxonomy.

7. CONCLUSION
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Bas report the end-of-2025 constraints on (n, 7): the
CMB alone yields n, = 0.9682 4 0.0032 with r <
0.034 at 95%, and the addition of DESI BAO shifts the
spectral index to n, = 0.9728 4 0.0029. Within the
single-field slow-roll model class, their analysis disfavours
Starobinsky and Higgs inflation, and favours monomial
and a-attractor families.

The Panta Rhbei programme’s pre-registration
places a single point in the (n, r) plane with zero con-
tinuous free parameters: ny, = 1 — 2/57 ~ 0.96491
and r = 12 ~ 0.01357. The point is consistent with
the CMB-only constraint at ~ 10, sits ~ 2.70 low
under CMB+BAOQO, and is well below the current 7
bound. It is a genuine alternative to B2s’s slow-roll
families: it lies in an intermediate region between
Starobinsky/Higgs (too-low 7) and monomial (too-high
r), and its algebraic structure is fiber-dimensional, not
potential-shape-dependent.

Whether that alternative survives is a matter for the
post-cancellation CMB programme on the 2028-2032
window (Simons Observatory expanded SATs [42] plus
the South Pole Observatory’s SPT-3G+ / BICEP Array
configuration [32, 45]) and—on its revised JFY2033+
schedule [29, 36]—the LiteBIRD satellite, in a land-
scape restructured by the July 2025 termination of CMB-
S4 [11, 7]. The categorical commitment is stated in ad-
vance, on the record, and the outcome is binary: either
7 settles near 0.014, or the programme’s inflation sector
is refuted. We welcome the measurement either way.

8. PRE-PUBLICATION SIMULATED PEER REVIEW

Before circulation, this note was put through a pre-
publication simulated peer-review panel in the same
spirit as the Panta Rhbei Conspectus vi.1 revision [20].
Four frontier-expert reviewers were convened, each
instructed to read the v2 manuscript at the level of
scrutiny appropriate to a submission to a leading cosmol-
ogy or foundations-of-physics journal, and to return a
structured report with verdict, blockers, and prioritised
punch-list items. The four reviewer roles:

* Ri, slow-roll inflation and CMB observables.
Tasked with auditing every numerical claim against
the standard slow-roll taxonomy (exponent conven-
tions in monomial and a-attractor loci, £/7 linearity,
sigma estimates against the post-cancellation CMB
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sensitivity stack—Simons Observatory, South Pole

Observatory, and LiteBIRD on its revised JFY2033+

schedule).

* Rz, categorical foundations and type-theoretic
formalism. Tasked with auditing the Category-7 se-
mantics, the ¢ arithmetic, the continued-fraction ex-
pansion and window-sum indexing convention, and
the pointers to Lean-certified identities in TauLib.

* R3, adversarial skeptic (fit-space / numerology
critique). Tasked with applying the Tegmark / Ijjas—
Steinhardt— Loeb / Kinney fit-space critique to the
present manuscript and producing the strongest
possible objection a sceptical reviewer would raise.

* R4, alternative early-universe proposals. Tasked
with auditing the paper’s “non-inflaton” framing
against the ekpyrotic, string-gas, bouncing, pre-big-
bang, and genesis literatures, and identifying where
the categorical framework sits in that wider map.
All four reviewers returned a verdict of MAJOR

REVISIONS REQUIRED. A chair synthesis converged
on a tier-ordered punch list of (Tier A) nine concrete
numerical / citation errors, (Tier B) seven structural
gaps (fit-space engagement, reheating / pivot disclosure,
honest-retreat language on perturbation derivations,
non-inflaton-alternatives subsection, pre-registration-
timestamp disclosure, Conspectus vr.1 fidelity, peer-
review retrospective), and (Tier C) five polish items (N1o
band, o (r) softening, figure caption, abstract symmetry,
recent-CMB citations).

The present (v3 / April 2026) manuscript addresses
all of these items. Appendix C is a finding-by-finding
mapping from each item on the chair’s punch list to
the specific paper location where the fix is applied. The
honest-accounting discipline of the Panta Rbei pro-
gramme prefers this form of peer-review transparency
over the more common strategy of incorporating re-
viewer comments silently; the present paper is oftered as
an example of that discipline on the inflation sector of
the programme.
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Rbei Conspectus vi.1 [20] (and, by extension, the honest-
accounting discipline of this paper). A separate four-
reviewer simulated panel convened specifically for this
note is documented in Section 8 and Appendix C; its
findings are the direct basis of the vi.1 revision reflected
in the present manuscript. Any remaining errors in the
categorical reading of B2s are ours alone.

A. THE L, — L, CALIBRATION-CASCADE POSI-
TION OF (r,ng,, A,)

The present note has treated 7, n,, and A, as pre-
registered numerical commitments. A reader inspecting
the programme across multiple observables may ask
where these three quantities sit in the wider calibration
cascade that Book V organises. This appendix answers
that question in three short passes.

A1 The five cascade levels

The Panta Rbei calibration cascade [22, Ch. 58a] is
the architectural spine of the programme’s numerical
commitments. It consists of five named levels:

A.2 Where (r,n,, A,) sitin the cascade

All three inflationary observables are L; entries. None
of them requires the m,, anchor.

The n, identity uses two structural inte-
gers: dim(7®) = 3 (the fibration dimension)
and W5(3) = 19 (the kernel window modu-
lus). The r identity uses one structural integer:
2 - dim(T?) = 4. The A, identity uses the rational
prefactor (121/225) = (11/15)? inherited from the
fine-structure closing identity cv,,, = (121/225) ¢ of
Book IV [18, Ch. 17]. All three are closed-form in ¢,
alone.

What “N11 (consistency-only)” means.. A, is
not one of the two variables of the B2s plane; it is a
third, orthogonal observable whose Planck-2018 value
(2.10040.030) x 10~ is already well measured. Entry
Nir of the Falsification Pack [21] therefore registers A
as a consistency observable rather than a discriminating
prediction: a measurement displacing A by more than
30 from 2.096 x 10~ would retract V.D2s3 / V.T198 in
the same way No retracts V.P136 and Nio retracts V.T302
(see the scope-of-Lean-certification paragraph in §3.7
for the status of each), but the near-term experimental
programmes relevant to the 2028—2032 window (Simons
Observatory, the South Pole Observatory, and LiteBIRD
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on JFY2033+) are not the principal instruments for a
next-generation A, determination. N is listed here so
thatall three L inflationary observables carry an explicit

falsifier.

A.3 Three consequences for the B25 compari-
son

(i) No post-hoc rescue via the m,, anchor.. A
reader skeptical of the categorical prediction may wonder
whether an unfavourable measurement of n, or r could
be absorbed by revising the m,, anchor downstream.
The cascade position forbids this: ng, r, and A, are
all L, identities and do not depend on m,,. Revising
m,, changes SI-bearing readouts at L (the Hubble
constant, Newton’s constant, etc.); it does not shift
the inflationary observables at all. The commitment is
therefore fully exposed to the 2028-2032 falsification
window.

(ii) Joint discriminating power.. Because the three
inflationary observables share the same L, input (the
master constant ¢, ) but use three different structural
integers (4, 57, and 18) and one different rational pref-
actor (121/225), a simultaneous fit to all three carries
more information than a fit to any one. A measure-
ment scenario that hits the categorical r but misses 7,
or vice versa, is a multi-observable signal that the fibra-
tion structure is mis-specified, not a single-parameter
retuning. B2s’s plane is two-dimensional; the categorical
commitment at the Lz layer is three-dimensional (includ-
ing A,); the Physics Ledger commitment at L1 spans
sixty-seven observables, though their effective rank as an
independent-constraint surface is smaller, in the neigh-
bourhood of 10-15 (see the effective-rank disclosure
in §4.4). The joint posterior is where the programme’s
pre-registration will be tested hardest, and the forthcom-
ing electroweak-sector fit-space companion paper will
quantify the rank explicitly.

(iii) The Hubble readout is L;, not L,.. The
one cosmological observable in the programme that
does depend on m,, is the Hubble constant H,, for
which the programme predicts a —120 ppm correction
(a boundary-holonomy readout effect) relative to the
ACDM benchmark. This prediction is at Lz, not L.
It therefore responds difterently to a posterior shift than
(ng,r, A,) do, and it lives in a different layer of the cas-
cade from the inflationary observables addressed here.
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Level Content

‘What enters / what closes here

L, Algebraof ¢,

Master constant ¢, = 2/(m + e), derived coefficients kK, = 1 — ¢

Fel

K, = t./(1 4 ¢,), window moduli W, (n) such as W, (3) = 19.

Purely algebraic, no experimental input.

L, Dimensionless closing identi- ~ All 67 zero-parameter dimensionless constants: ¢, m,, /M., Koide Q,
ties Weinberg angle, n, 7, A, etc. Each is a closed-form function of ¢ . alone.
L, Single ST anchor (m,,) One experimental number, the neutron massm,, = 1.67492x 10727 kg,
is consumed to set the ST scale.
L, SI-bearing readouts via the = Constants with SI units inherit m,,, and L identities: m, my,, G, h,
rescaling functor k g, €4, the Hubble-readout correction.
L, Falsification pack N1-N30 The experimental programme: each ledger line pairs with a named measure-

ment or bound on a 2025—2035 timeline.

Observable Level Closed form m,, -dependent?  Falsification entry

T L, o2 no No

n, L, 1-2/(3Wy(3)=1—2/57 no Nio

Al L, (121/225) 118(1 —43/3) no N (consistency-only; see below)

The Hubble commitment is the subject of a separate
companion note; it is not falsifiable on the same timeline
as N and Nio, and this note does not address it.

In sum: the inflationary observables (7, n,, A, ) are
anchored purely at the algebraic / L, layer of the cali-
bration cascade, they are exposed fully to the 2028-2032
experimental window, and they cannot be rescued by
adjusting the programme’s one SI-anchor input.

B. ANNUAL-REPORTING CADENCE AGAINST N9
AND N10

The intermediate pre-registration targets defined in §s.1
(N9’,N9”,N9”)and §5.2 (N10’, N1o”, N10”) are sum-
marised here for reference. The programme commits to
an annual status note against this cadence rather than a
single end-of-decade verdict.

Three design notes on this cadence:
1. These are not new falsifiers. No and Nio each

remain single falsifiable commitments (r = 2,
ng = 1 — 2/57). The intermediate targets are

reporting points, not additional commitments. Any
framework-terminal exclusion condition met at an
earlier epoch terminates the sector at that epoch,
without waiting for the end-state report.

2. The cadence responds to schedule risk. The
July 2025 CMB-S4 cancellation [11, 7] and the Lite-
BIRD KDPz slip [29] each extended the expected
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falsification horizon. Rather than absorbing that
slip as a single delayed verdict, the programme pre-
registers the intermediate targets so that progress
against the commitment is auditable in 2027, 2030,
and 203s.

3. No post-hoc re-tuning. If a 2027 directional read
shifts the posterior toward the categorical values, the
programme does not claim confirmation at 2027; if
it shifts away, the programme does not adjust the
commitment downstream. The commitment in Ng

and Nio is fixed; only the reported distance is up-
dated.

C. PEER-REVIEW FINDINGS AND HOW THIS VER-
SION ADDRESSES EACH

This appendix is a finding-by-finding mapping from
the chair synthesis of the four-reviewer panel (§8) to the
paper location where the fix is applied in v3.

Tier A: concrete numerical / citation errors
Tier B: structural gaps

Tier C: polish

The present version (v3) is the result of applying each
of the above fixes to the v2 manuscript. The paper and
its TauLib-side companion artifacts are offered together
as an example of the honest-accounting discipline the
Panta Rhei programme commits to in its documentation
posture.
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Target Epoch Driving experiments o(r) o(ny) Report content
No’ / Nio’ ~2027 SO first season; DESIDR2 [16]; ACT  ~ 0.005 ~ 0.0025  Directional read: posterior
DRG6 [1] shift toward or away from
(14, 1—2/57).
No” /Nwo”  ~2030 SO full + South Pole Observatory ~ 0.003 ~ 0.0020  First discriminator-grade re-
(SPT-3G+ / BICEP Array) [32, 45]; port: Ng at ~ 4.50 against
DESI DR3; ACT-SPT-Planck lens- null; Nio at 1.5-2.50 de-
ing [37] pending on CMB+BAO cen-
tral value.
No” /  ~2035 LiteBIRD (29, 36]; Euclid; Roman ~ 0.001 ~ 0.0015 End-state verdict: ~ 140
Nio” against null; CMB+BAO
consistency window n, =
0.96491 + 0.0015.
# Finding Fix in v3
Al “156x in €” arithmetic error (R1). §3.5 corrected to egp /€, ~ 10.3;& = /16 is linear in r.
Az Monomial locus: wrong 7 formula; should be  §4.2 table row corrected to r ~ 0.0533 at p = 2/3, N, =~ 50.
r=4p/N,, not 2p/ N, (Ri).
A3 Continued fraction displayed with phantom “+1”  §3.3: explicit CF(¢.) = [0;2,1,13,3,1,1, 1,42, ...]; equation (4) gives
convention (R2, R3). the W (3) decomposition directly.
A4 Acknowledgement mis-cite: Book V instead of ~ Fixed, new bib entry Conspectus2026 added.
Conspectus vr.1 (R2).
As “Eq. (47.xx)” unfilled placeholder (R1, R3). Replaced with explicit theorem pointer Thm V.T302 (the actual n closing
identity; in v2 this was mislabelled as V.T191—Sound Horizon—see v3.1
scope-of-Lean-certification note in §3.7).
A6 “Ni1 (consistency)” undefined (Ru). Appendix A now explains N1z as the consistency-only observable for A .
A7 ¢ called “algebraic” instead of “transcendental”  §3.1 corrected to “unique closed-form value” with pointer to Thm I1.T132.
(R3).
As Starobinsky n rounded to 0.9606 instead of ~ §2.3 and §4.2 corrected.
0.9602 (Ry).
Ag 67 / sixty-five / sixty-seven count drift (R3). §6.5 count consistency audit applied; “sixty-four” with explicit (67 — 3)
clarification.
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# Finding Fix in v3

B Fit-space objection engaged only briefly; needs ~ §4.4 added: per-observable ~ 106-107 budget disclosed; Tegmark, Ijjas—
explicit discrete-choice budget (R3, R4). Steinhardt-Loeb, Kinney cited directly.

B2 No reheating / pivot-scale / cross-sector disclo-  Remark 3.5 added: pivot k, = 0.05 Mpcfl, AN, ~ 43 reheating
sure attached to N, = 57 (Ry, R2). window, Weinberg-sector origin of W (3) acknowledged.

B3 Derivation language for 7, n too strong; mono-  §3.4 and §3.5: “argument-of-record lives in Book V' Ch. 47” framing applied;

graph perturbation theory not reproduced (R2).

B4 Non-inflaton alternatives (ekpyrotic, string-gas,
bouncing, pre-big-bang, genesis) not placed (R4).

companion paper flagged.

§6.4 added with direct citations ([30], [33], [26], [10], [39], [9], [4], [8] [24],
[14]).

Bs “Pre-registration” ambiguous as stated (R3, R4).  §5.3 added: distinguishes pre-registration with respect to already-measured
Bas n versus the near-term post-cancellation CMB programme (Simons
Observatory, South Pole Observatory, LiteBIRD on JEY2033+); audit trail
disclosed.
B6 Conspectus vr.1 fidelity (R2, R3). Three fixes: §3.1 re-frames Category 7 as Syn(T,) /Set[T",]; §1 epistemic
caveat now cites the actual TauLib trust budget (4 custom axioms + 3
Book VII methodological sorries + ~1,842 native_decide leaves); §3.7 per-
row residual table added.
B> Peer-review process not disclosed (R3, R4). §8 and this appendix added.
# Finding Fix in v3
Cr Nio band [0.960, 0.970] already excluded by ~ §s5.2 widened to [0.955, 0.975]; current n, = 0.9728 4 0.0029 situa-
current CMB+DESI-BAO central (Ru). tion acknowledged explicitly.
C2 o(r) ~ 0.001 stated as single number, node-  §s.1: o(r) € [0.001,0.0015]; discrimination 9-14¢ against null,
lensing caveat (Rx). 6-100 against Starobinsky/Higgs.
C3 Figure caption did not note schematic nature of ~ Caption (Fig. 1) updated: “ellipses not drawn to scale in 7; actual posteriors
ellipses in 7 direction (Ru). consistent with 7 = 0”.
Cy Abstract asymmetric: n, tension quoted, Abstract rewritten to quote both n situation and r bound symmetrically;
bound not (R4). 9-140 range used.
Cs Recent SPT-3G / ACT DRG6 releases not cited;  New bib entries: SPT3G2024, ACTDR6Louis2025, Kinney2018; cited

Kinney fit-space review not cited (R, R3).
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