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Abstract

The Imprinted Curvature Hypothesis (ICH) is formulated as a restricted
cosmological initial-condition hypothesis within unmodified General Relativ-
ity (GR). It introduces no new gravitational dynamics, matter component,
or homogeneous expansion law, but specifies a weak coherent ultra-long-
wavelength contribution to otherwise standard adiabatic primordial curvature
initial data. We construct an explicit family of ADM-constraint-satisfying
initial data, give a standard adiabatic matter completion, identify the gauge
and equivalence-principle boundaries of the construction, and propagate the
same global parameter set through standard Einstein—Boltzmann transfer
functions to cosmic microwave background (CMB), large-scale-structure,
lensing, void, rare-object, and cosmic-web observables. A deterministic
standing-wave benchmark is propagated with CAMB and independently
checked with CLASS. The frozen Planck PR3 temperature-only scan over
2 < 0 <29 gives Ax? = —17.745 but a matched 2000-sky look-elsewhere
probability p = 0.454, hence no evidence against isotropic ACDM. A subse-
quent noise-aware temperature-plus-polarization scan gives Ax? = —24.990
and p = 0.02390 in the unmasked full-map diagnostic, but this feature fails
Planck half-mission replication (p = 0.3565) and becomes statistically ordi-
nary under corrected polarization masks (p = 0.103-0.180) and masked split
cross-validation (p = 0.511-0.614). A separate Planck PR3 fixed-parameter
TT+TE+EE+lensing consistency audit and CAMB high-¢ transfer check
show that the tested ultra-long modes are confined to the lowest multipoles on
the stored transfer grid; this is a CMB-survival statement, not a directional
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likelihood detection. The present evidence therefore supports mathematical
admissibility and a falsifiable cross-survey program, but not a CMB preference
for ICH over ACDM.

Keywords: cosmology, general relativity, cosmological perturbation theory,
initial conditions, cosmic microwave background, large-scale structure, weak
lensing, cosmic web

1. Introduction

The standard cosmological model succeeds across a wide range of scales
and epochs, so a proposal intended to operate alongside it should begin
from that success rather than from a presumption that the dynamical laws
must be replaced. The Imprinted Curvature Hypothesis (ICH) is deliber-
ately narrow. It does not modify the Einstein field equations, replace the
Friedmann—Lemaitre-Robertson-Walker (FLRW) background, introduce an
additional stress—energy component, or postulate a new propagating sector.
Its question is instead one of admissible initial geometry: can the realized
cosmological initial data contain a weak, ultra-long-wavelength, coherent cur-
vature component whose subsequent evolution is entirely standard, but whose
residual influence is statistically detectable in selected large-scale observables?

Long-wavelength curvature perturbations are standard objects in cos-
mological perturbation theory. Their gauge properties, conservation laws,
separate-universe interpretation, and observable consequences are well estab-
lished [4H6, 8, 9]. ICH does not claim otherwise. The proposed distinction
lies in how a restricted subset of that familiar initial-data space is organized
and tested. The hypothesis is that the realized low-k geometry contains a
subdominant coherent component described by a small global parameter set
and that the same parameters must survive confrontation with all relevant
surveys. If direction, scale, phase, morphology, or interpretation can be re-
tuned independently from anomaly to anomaly, the framework loses predictive
content and collapses into post-hoc selection.

Earlier formulations of ICH emphasized conceptual boundaries, qualitative
predictions, and the relation between initial intrinsic curvature, gauge-robust
perturbation variables, and observables. The central constructive weak-
ness was that the initial-curvature statement was not accompanied by a
full constraint-satisfying initial-data family, while the observable mapping
remained schematic. The present manuscript consolidates the mathematical



construction and all completed CMB validation stages into one self-contained
paper. In particular, it integrates the frozen temperature-only Planck diagnos-
tic, the corrected temperature-plus-polarization extension, half-mission and
mask robustness tests, and a multi-spectrum CMB fixed-parameter/acoustic-
scale consistency audit. Negative and superseded diagnostics are retained
where they materially define the scientific boundary of the result.

The model comparison can be summarized as

Hy: ((k) = Ca(k), (1)
‘ (2)

where (¢ is the ordinary stochastic adiabatic curvature field and (; is a
restricted coherent contribution to the same initial data. ICH changes the
prior/realization class, not the local dynamical equations.

The intended hierarchy of claims is essential. First, the model must be
posed consistently inside ordinary GR. Second, one restricted low-k realiza-
tion must propagate into multiple observables without changing its global
parameters. Third, that realization must be compared statistically with the
standard null model after the full search volume and relevant systematics
are included. Mathematical admissibility is not evidence that the Universe
selected these initial conditions, and a suggestive object or individual residual
is not a detection.
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2. Position relative to standard long-mode physics

2.1. Standard long-mode restrictions

On an FLRW background, scalar perturbations admit gauge-invariant
descriptions. On sufficiently large scales and for adiabatic perturbations,
the curvature perturbation ( is conserved to leading order in gradients [4-6].
Separate-universe and response approaches express the effect of sufficiently
long modes on shorter-scale observables as a local background modulation
plus finite-gradient density and tidal responses [S8HI0].

Three restrictions follow. A constant adiabatic scalar mode is not a locally
measurable curvature anomaly. A pure gradient is locally removable in the
appropriate long-wavelength limit and cannot by itself be advertised as a
physical preferred direction. Measurable effects of an ultra-long mode must
therefore enter through finite curvature/tidal derivatives, complete light-cone



projection terms, boundary conditions, or survey-scale correlations. ICH
adopts these restrictions rather than attempting to evade them.

Likewise, the ADM initial-value formulation of GR already permits inho-
mogeneous initial spatial geometry subject to the Hamiltonian and momentum
constraints [2, [3]. The existence of non-FLRW initial data is not a novelty
claim. The scientific question is whether the restricted ICH family is math-
ematically admissible, observationally coherent, and distinguishable from
ordinary cosmic variance.

2.2. The specific ICH restriction

A minimal deterministic benchmark is
gI(CL‘) = AI COS(]CI'fLI'ZII + qu) s (3)

with
Or1 = { A1, kr, 7, ¢1}, |Ar] < 1. (4)

The standing wave is a benchmark rather than a claim that nature must
realize exactly one Fourier mode. A narrow band-limited low-k template
can be used instead. The scientific discipline is that the parameterization
and priors are specified before the decisive prospective test and the same O
propagates across all channels.

The central degeneracy is therefore

restricted ICH long mode

2 (5)

allowed ordinary adiabatic long-mode realization.

The present paper does not resolve this by definition. It specifies the forward
and statistical machinery required to resolve it with data.

2.3. ICH 1is not modified gravity

The gravitational action, Einstein tensor, gravitational coupling, local field
content, and matter conservation law are unchanged. ICH does not require
an anisotropic background metric or a new homogeneous expansion history.
Its burden is therefore to show that a proposed signal can arise from allowed
initial data and standard transfer physics while remaining subdominant to
the successful baseline cosmology.



3. Model definition and domain of validity

Let X, denote an early spacelike hypersurface fixed by a physical slicing
condition. The original geometric definition writes its intrinsic scalar curvature
as

OR(t,, 2) = OR(L,) + (). (6)
with the weak-curvature condition

2

%e@(w) <1 (7)

The function ® is not an independent dynamical field and has no separate
equation of motion.

The minimal model imposes the following restrictions: (i) Einstein gravity
and standard stress-energy conservation are unchanged; (ii) the ICH contri-
bution resides in admissible initial data rather than a new source term; (iii)
the amplitude is weak and perturbative; (iv) spectral support is restricted
to ultra-large scales; (v) exact FLRW/ACDMis recovered continuously as
A; — 0; (vi) the minimal scalar realization is adiabatic; (vii) physical claims
are made only in a fixed physical slicing, gauge-invariant variables, or com-
plete observables; (viii) the imprint does not create a compact localized mass
component; (ix) the background distance-redshift relation is not replaced
by an ICH-specific expansion law; and (x) one global ©; is shared across
observational channels.

A flexible band-limited realization may be written

Ci(k; ©1) = AWi(k; r, o) Q (Fes ) €™ (8)

with
Wi(k) =0 for k> key, 9)

and the reality condition
CGu(—k; ©1) = ¢ (k; On). (10)

The angular template, bandwidth, and phase prescription are part of the
model prior and must be frozen before the test to which they are applied.



4. Constructive initial data in unmodified General Relativity

We use metric signature (—, +,+, +) and define

Ky = ~5 Lok, (11)

where n* is the future-directed unit normal. The spacetime dynamics remain

G + Agy = 87GT,,, v, " = 0. (12)

For induced metric v;;, extrinsic curvature K;;, energy density F = T}, n*n”,
and momentum density p; = —;*71,,n", the ADM constraints are [2] [3]

OR + K? — K;;K" = 16nGE + 2A, (13)

D;K7; — D;K = 87Gp;. (14)

4.1. Explicit scalar initial-data family
On an early total-comoving/flow-orthogonal slice with a spatially flat
reference background choose

’Y’ij(t*a .’B) = azBQCI(w)(Sij, (15)
and constant-mean-curvature extrinsic curvature
The exact intrinsic scalar curvature is
. 6_2<I
GR = E [—4V2G - 2(VG)? (17)
so at linear order 4
R = —;zVQCI +O(¢h). (18)

Because K = —3H, and K;; K% = 3H2, the Hamiltonian constraint is solved

exactly on X, by
_ 3H? A OR(x)

B@) =56~ sea T i6nG (19)

Since K7, = —H*(Sf with spatially constant H,, the momentum constraint is
solved by

pi =0. (20)

Thus (v, Kj, E, p;) is an explicit constraint-satisfying family. This establishes
admissibility, not uniqueness.



4.2. Adiabatic matter completion

Constraint satisfaction fixes total energy and momentum densities but
not the microphysical decomposition of 7),,. To connect the ADM slice to
standard Einstein—Boltzmann evolution, choose the ordinary cosmological
species with no new ICH species, impose vanishing total momentum on the
total-comoving slice, and initialize scalar perturbations adiabatically:

SABE?)(CA—CB)IO, (21)
or equivalently on super-horizon scales

0pa _ 0pp
pAa+Dpa pB+DB

(22)

for all ordinary species, with 3", 0ps = 6E from Eq. (19). This gives a
standard-matter realization suitable for an ordinary Einstein—Boltzmann
solver [7].

4.3. Single-mode gradient suppression
For the standing wave,

AR

2
a;

GIR; ~ cos(kiny - & + ¢r), (23)

and, defining E.g ., = 3H2/(87@),

SE 241 [ ki
P ~ ! (aiﬁ) cos(kiny -  + ¢r). (24)
The k% suppression is essential: an exactly constant adiabatic mode has no

local scalar-curvature signal in this construction.

4.4. No new local degree of freedom and constraint propagation

The construction changes the allowed initial data, not the local dynamical
phase space of GR. The imprint variable is not supplied with a conjugate
momentum or an independent evolution equation. Once gauge freedom and
the standard constraints are accounted for, the propagating gravitational
content is the ordinary metric content of GR. Promoting (; or ® to an
independently propagating field would define a different theory.
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For completeness, the standard 3 + 1 evolution begins schematically with

(O — Lp)vij = 2N Ky, (25)
(0 — Lg)Kij = =D;D;N + N (URy; + KK;; — 2K K*)
+ standard matter terms. (26)

where N and /3¢ are the lapse and shift. No ICH-specific evolution term is
added. The contracted Bianchi identity and ordinary matter conservation,

V.G =0,  V,T" =0, (27)

provide the usual constraint-propagation structure. An initially constraint-
satisfying realization is therefore evolved by the same Einsteinian system as
any other admissible cosmological data.

5. Gauge, equivalence principle, persistence, and Weyl boundary

The defining hypersurface is not an arbitrary coordinate slice. For
the scalar adiabatic benchmark it is taken to be the total-comoving/flow-
orthogonal slicing, equivalently the uniform-density slicing at leading order
on super-horizon scales. A sufficiently long mode may be expanded locally as

, 1 .
CL<.’.L‘) = C() + bil’z + 50@'1)213] + - (28)

For an adiabatic long mode, constant and pure-gradient pieces are locally
removable in the appropriate limit. Representative finite-gradient content is

Ry ~ —4a7*V?(y, (29)

and the trace-free tidal tensor

0,0; 0y
Kij = ( V; - 3j> or. (30)

A claimed ICH signal must therefore be formulated in gauge-invariant variables
or a complete observable including the relevant projection terms [g].
For the curvature perturbation,

: H k2
C: _p+p5pnad+o<a2[_[2> y (31)



so under adiabatic super-horizon conditions ¢ ~ 0 [5, [6]. “Frozen” therefore
means persistence of comoving large-scale curvature information, not a static
metric, matter distribution, Weyl tensor, or numerical ®)R. For the scalar
benchmark, ®)R oc a~2 while the comoving pattern in (; remains conserved in
the stated regime.

A scalar intrinsic three-curvature modulation alone does not imply a
nonzero spacetime Weyl tensor. Weyl curvature depends on the full spacetime
initial data, including trace-free spatial-Ricci and extrinsic-curvature structure.
The conformally flat scalar benchmark is therefore not proof of primordial
Weyl curvature. Any Weyl/tidal extension must be specified separately and
consistently with the full constraints.

6. Unified forward model

6.1. Standard transfer to matter and metric

In conformal Newtonian gauge,
ds? = a*(n) [—(1 +20)dn? + (1 — 2(I>)d:c2} : (32)

No ICH-specific transfer law is introduced. Standard Einstein—Boltzmann
evolution gives

\Il(k?,Z) = T\I’(k>z><(k>7 (35>
with lensing potential
O
by = T2 = Ty, 2)CR), (36)
On sufficiently large linear scales a useful benchmark is
22T (k)D
k) = Mk G, Mk, 2) = 2D )
5Q.,H;

subject to normalization conventions.



6.2. Common long-mode response

For an environmental observable O embedded in a long-wavelength den-
sity /tidal field,

O-0 1 3
5 - RY6, + R%4:4;KCi5 + 532052 + RKCK7 + - (38)

The coefficients are ordinary perturbative, separate-universe, simulation-
calibrated, or hydrodynamic response coefficients, not new ICH constants
[9, [10].

Where the full initial data contain a finite tidal component, the relevant
quantity is not a new force but the ordinary trace-free tidal field, equivalently
the electric-Weyl/tidal response after the complete spacetime solution is
specified. For a host with directional statistic Sg., a minimal environmental
model is

<Ssat|’Cij> = Seat + Rg;tgigjlcij toe (39)

ICH therefore permits a weak statistical preference for coherent satellite
organization, anisotropic accretion, or filament-aligned substructure in selected
environments; it does not predict a universal satellite plane and does not
replace local halo or baryonic dynamics [30, B1].

7. CMB template and analytic benchmark
For X € {T, E}, the deterministic CMB harmonic template is

A3k A
it = amit [ s Gl ONAT ()Y, (h) (40)

For the real standing wave in Eq. ,
apt = 2w At AX (ky) [ei‘z" + (—1)Ee_i¢1} Y (n). (41)

In the Sachs—Wolfe limit,

1.
AF (k) = jelkx), (42)
which gives
2w A2
CH = S5t k) [1+ (1) cos(26)] 9
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The parity /phase factor is a property of this benchmark, not a universal ICH
prediction.
For a deterministic map-level template ¢(©r) and standard covariance Cj,

—2In Loyp = [d — t(0)]'Cytd — t(O1)] + Indet Cy + const.  (44)

If an ICH prescription instead modifies statistical covariance, one must use
C(©r) consistently; deterministic-mean and covariance models should not be
mixed without an explicit hierarchy.

For an approximately scale-invariant standard curvature spectrum with

amplitude A,
00+ 1) A,

~ —, 4
27 25 (45)
A useful worst-phase fractional benchmark is
DY 20(0 +1)A%52

Y

Using A, = 2.1 x 107, y. = 13.9 Gpc, h = 0.674, Q,, = 0.315, and
Ar = 5 x 1079 gives Table The matter amplitudes use Eq. with
T(k) ~ 1 at the very low k shown.

Table 1: Hlustrative analytic sanity benchmark for one deterministic standing-wave ampli-
tude A; = 5 x 1076, This is neither a Planck likelihood fit nor an N-body result.

x=ky., k[hMpc] |6L (0)] max f7V (£ at max)

1 1.07 x 107 6.50 x 1077 5.50 x 107 (2)
3 320x 107% 585 x 1078  1.27x107%(2)
5 534 x 107* 1.63 x 107°  1.67 x 1072 (4)
10 1.07x 1073 6.50 x 1075 2.70 x 1072 (8)

For this illustrative amplitude and x < 10, the worst-phase Sachs—Wolfe
contribution remains below about 2.7% of the idealized scale-invariant plateau
for 2 < ¢ < 20. This demonstrates numerical smallness only; it does not
establish allowance by the full Planck likelihood.

8. Numerical CMB validation

The CMB program was deliberately staged. The frozen V4 temperature-
only calculation established a reproducible baseline. A later temperature-plus-
polarization extension introduced empirical noise and internal replication tests.
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A subsequent multi-spectrum CMB consistency audit tested acoustic-scale
compatibility without converting the deterministic directional template into
an isotropic primordial-power modification. The stages are reported separately
because they answer different questions and have different statistical strength.

8.1. Einstein—Boltzmann implementation boundary and numerical setup

For the deterministic directional template in Eq. , simply changing
the isotropic primordial power spectrum P (k) would test a different model.
The implementation instead applies standard Einstein—Boltzmann transfer
functions to the deterministic mode, leaving Einstein gravity and the matter
sector unchanged.

CAMB 2.0.4 was run at the Planck 2018 best-fit base-ACDMparameters

Hy = 67.32117 kms™'Mpc™!,  w, = 0.0223828, we = 0.1201075,

7 = 0.05430842, Ay =2.100549 x 1077, n, = 0.9660499.
(47)
with one massive-neutrino mass parameter m, = 0.06 eV in the fixed-

parameter TT+TE+EE+lensing consistency audit. The reference repro-
ducibility environment used Python 3.12.14, NumPy 2.5.2, CAMB 2.0.4,
CLASS/classy 3.3.4, healpy 1.20.0, Astropy 8.0.1, SciPy 1.18.1, pandas 3.0.5,
and Matplotlib 3.11.1.

For temperature, the returned transfer functions were checked by recon-
structing the ordinary spectrum through

oIT = 47r/dlnkPC(l<:) AT (k) (48)

‘2
Over 2 < ( < 29, the reconstructed /native TT ratio has mean 1.000008,
minimum 0.999910, and maximum 1.000094. For the later polarization
extension, the CAMB E-mode transfer is converted to the physical EE/TE
convention using the spin-2 factor

Se=1/(t+2)(¢+ 1)e(0 - 1). (49)

After this correction, the mean reconstruction ratios are 1.000008 (TT),
1.000027 (EE), and 1.000011 (TE), with mean absolute fractional errors
5.87 x 1075, 9.82 x 107°, and 1.02 x 10~*, respectively.

CLASS 3.3.4 provides an independent low-¢ baseline check. Over 2 < ¢ <
29, the raw CLASS/CAMB TT ratio has mean 1.000740, minimum 1.000324,
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and maximum 1.002070. CLASS gives x(z = 1089.8) = 13869.658 Mpc,
differing fractionally by 7.8 x 107¢ from the y, = 13869.55 Mpc used in the
scan. These residual differences are negligible for the present low-¢ diagnostic.

8.2. Frozen Planck PR3 temperature-only baseline

The deterministic temperature template was evaluated with the exact
CAMB A7 (k) for 2 < £ < 29, scanning

05<z=ky.<15 Az =05, (50)

together with phase and a HEALPix Ngq. = 16 direction grid. The primary
diagnostic used the public Planck PR3 inpainted SMICA temperature map
and a full-sky Gaussian harmonic covariance constructed from the Planck
best-fit spectrum.

The raw maximum-likelihood improvement relative to A; = 0 is

r = 14.5, Ap =2.006 x 1077, AXE = —17.7453, (51)

with one equivalent Galactic-axis representation (I,b) = (182.8125°,41.8103°)
and phase ¢; = 2.5782 rad. Because scale, phase, and direction were scanned,
the raw improvement cannot be interpreted with a fixed-template x? distri-
bution.

A matched look-elsewhere calibration was therefore performed using 2000
Gaussian ACDMTrealizations drawn from the same null covariance and scanned
over the same search grid. The global probability of obtaining a best improve-
ment at least as large as the SMICA value is

Pglobal = 0.45427 £ 0.01113, (52)

with null median best-scan Ax? = —17.396. The null hypothesis is therefore
not rejected.

The raw feature is robust to Planck temperature component separation in
the limited technical sense shown in Table [2] This argues against creation by
a single component-separation pipeline, but the look-elsewhere result shows
that such reproducibility does not make the feature statistically anomalous
relative to ordinary low-¢ cosmic variance.

The TT-only result is therefore classified as compatible but non-
confirmatory.
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Table 2: Frozen TT-only Planck PR3 component-map diagnostic. These are full-sky
Gaussian-harmonic fits, not official Planck likelihood values.

Map Thest AI,best AX?aw <l7 b) [deg]

SMICA 14.5 2.006 x 107 -17.75 (182.8, 41.8)
NILC 14.5 1.994 x 107° -17.52 (182.8, 41.8)
SEVEM 15.0 1.971 x 107° -18.18 (182.8, 41.8)
Commander 14.5 2.021 x 10™° -18.01 (182.8, 41.8)

8.8. Corrected noise-aware T+FE full-map diagnostic

The first T+E implementation exposed an E-mode normalization error.
The result from that implementation is not used. After applying Eq. ,
the analysis incorporated an empirical half-mission half-difference (HMHD)
noise estimate. The median estimated noise-to-CMB ratio is approximately
2.30 x 107* in TT but 5.34 in EE, making polarization-noise treatment
essential.

With 10,000 matched Gaussian CMB-plus-noise simulations, the corrected
full-map TH+E result is

Ax® = —-24.9902, x =110, A;=2700x10"° (I,b) = (315.0°,38.68°),
(53)

with
pran = 0.02390 = 0.00153. (54)

This is an exploratory approximate matched-null result, not an official Planck
lowE significance. The apparently low full-map p-value is therefore tested
adversarially rather than interpreted as evidence.

8.4. Half-mission internal replication

Planck half-mission maps observe the same sky while providing partly
independent instrumental noise and systematics. HM1 selects x = 11 and
approximately (315°,38.7°), whereas HM2 selects « = 15 and approximately
(182.8°,41.8°). Locking or refitting the template across halves produces
ordinary matched-null statistics. The 10,000-simulation symmetric cross-refit
probability is

Pcross,refit = 035657 (55)

while a symmetric fixed-template calculation gives approximately p = 0.404.
Thus the particular full-map directional feature does not internally replicate
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and cannot presently be distinguished from chance, noise, or systematics by
this test.

8.5. Multipole localization

A multipole jackknife shows that the fitted improvement is highly concen-
trated at the lowest multipoles. For the fixed full-map reference template,
¢ = 2-9 contributes approximately Ay? = —20.26, ¢ = 10-19 contributes
—4.73, and ¢ = 20-29 contributes essentially zero. The ¢ = 2-14 block alone
recovers z = 11, the same (315°, 38.68°) direction, and Ay? ~ —24.783. The
disjoint fixed contributions sum to the full —24.9902 result.

This localization is qualitatively consistent with the prior ICH expecta-
tion that a relevant primordial imprint should be an ultra-large-scale/low-¢
phenomenon. However, the exact boundary ¢ = 14 was identified from these
Planck data and is not described as an exact preregistered cutoff. Free scans
in isolated bands are not independent detections because they reuse the same
sky and the reference was selected on the full data.

8.6. T+FE component-separation robustness

A separate T+E component robustness run uses a common CAMB CMB
covariance plus the SMICA HMHD empirical noise covariance for comparison
only. The best-fit structures are summarized in Table 8] SMICA and NILC
are close in scale and direction; Commander remains broadly nearby but shifts
in latitude and scale; SEVEM selects the approximately opposite TT-like
direction and is an outlier. These maps share the same underlying Planck
sky and are not independent replications; no component-specific significance
is assigned.

Table 3: Corrected T+E component-separation robustness diagnostic. The common
weighting is used only for cross-component comparison.

Map Thest Al,best AXQ (lv b) [deg]

SMICA 10.5  2.460 x 107> -20.12 (315.0, 32.8)
NILC 10.5 2.410 x 107° -19.49 (315.0, 38.7)
SEVEM 15.0 2.191 x 10~® -25.17 (182.8, 41.8)
Commander 9.5 2.668 x 107° -21.19 (320.6, 17.0)
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8.7. Corrected polarization-mask robustness

An audit of the preliminary masked implementation found unequal pre-
mask spectral support: observed maps had been low-passed through ¢ = 47
while null simulations contained support only through ¢ = 14. Because
masking couples multipoles, those preliminary values are superseded. The
corrected calibration gives both observed maps and matched-null simulations
common pre-mask support through ¢ = 29, while the analyzed statistic
remains restricted to the data-localized band ¢ = 2-14.

The SMICA polarization confidence mask was downgraded by pixel av-
eraging to Ngge = 16 and thresholded at 0.80, 0.90, and 0.95. For each
threshold, 2000 matched null simulations were transformed through the same

map-mask—harmonic procedure before truncation to £ = 2-14. Results are
shown in Table [4]

Table 4: Corrected T+E polarization-mask robustness. fgy is the low-resolution retained
sky fraction.

Mask threshold fgy 2  Ax? Direction (,b) [deg] Global p
0.80 0.8975 10.5 -18.914 (315.0, 38.68) 0.10295 £+ 0.00679
0.90 0.8551 10.5 -16.798 (315.0, 38.68) 0.15242 4+ 0.00804
0.95 0.8154 15.0 -15.693 (182.81, 41.81) 0.17991 £ 0.00859

The unmasked p ~ 0.024 feature is therefore not robust under corrected
masking.

8.8. Corrected masked half-mission cross-validation

The masked split analysis uses the same corrected pre-mask support
through ¢ = 29, with a shared Gaussian fiducial CMB and independent
empirical half-mission noise for the two halves. Each half is transformed
map—mask— ag,, and then truncated to ¢ = 2-14 before the complete
train/test scan. HM1 repeatedly selects approximately (315.0°, 38.68°) with
x = 10.5, whereas HM2 selects approximately (182.81°,41.81°) with = = 15.

These results provide no robust internal replication of a cosmological
preferred direction.

8.9. Planck PR3 fized-parameter TT+TE+FEFE+lensing consistency and
acoustic-scale audit

A separate audit combines the frozen V4 cosmology with the standard

Planck PR3 power-spectrum likelihood baseline and CAMB propagation of
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Table 5: Corrected masked half-mission cross-validation. All values are ordinary under the
matched null.

Mask threshold Cross-refit global p Cross-fixed global p

0.80 0.51074 £ 0.01117  0.54173 £ 0.01114
0.90 0.61319 +£0.01089  0.64468 + 0.01070
0.95 0.61419 £ 0.01088  0.65567 £ 0.01062

the deterministic standing-wave template. The purpose is to test acoustic-
scale consistency without conflating a deterministic directional mean with an
isotropic covariance modification.

Using Cobaya 3.6.2 with CAMB 2.0.4, the fixed cosmology in Eq. plus
m, = 0.06 eV and Appnac = 1 was evaluated with the likelihood components
planck_2018_lowl.TT, planck_2018_lowl.EE, planck_2018_highl plik
.TTTEEE_lite_native, and planck_2018_lensing.native. The returned
likelihood-specific x? components are listed in Table @ These are not reduced
x? values and are not an ICH-versus-ACDMsignificance; they establish the
precision baseline at the frozen cosmological point.

Table 6: Planck PR3 likelihood components at the frozen baseline cosmology used for the
fixed-parameter consistency audit.

Likelihood component x? contribution
low-¢ TT 23.229745
low-¢ EE 396.053460
high-¢ TTTEEE Plik-lite 585.325211
lensing 8.912272
Total CMB 1013.520687

For each benchmark in Table[7] a phase-independent deterministic envelope
was evaluated on the stored CAMB scalar transfer grid. TT and EE were
normalized to their corresponding unlensed scalar baseline spectra; TE was
normalized to V1T E'E to avoid ordinary TE zero crossings. For these ultra-
low-k modes, CAMB 2.0.4 stores the sampled transfer for all £ > 30 as exactly
zero. This is reported only as below CAMB stored transfer-grid numerical
support; it is not an analytic claim that the physical line-of-sight transfer
function is identically zero.
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Table 7: Stored CAMB transfer support for the three benchmark standing-wave realizations.

Benchmark T Ap Last ¢ Last ¢g
Post-V4 T+E full-map best scan 11.0 2.7 x 107 17 17
V4 illustrative amplitude 10.0 5.0 x 1076 17 17
Frozen V4 TT best scan 14.5 2.006 x 107° 27 27

An independent spherical-Bessel calculation gives a geometric last-
scattering projection sanity check. It is not a formal bound on the
complete line-of-sight source integral, but it confirms severe high-¢ geometric
suppression. Table [§ shows representative values.

Table 8: Independent last-scattering projection sanity check. Ratios are relative to the
low-¢ peak of |j¢(x)|? for each benchmark.

Benchmark x | 730l 30/ 75 |jao] T30/

T+E best scan 11.0 3.69 x 10712 1.03 x 1072 3.36 x 10720 8.48 x 10738
Mlustrative 10.0 2.51 x 1071 4.00 x 10724 8.44 x 10722 451 x 10~
TT best scan  14.5 7.01 x 1072 5.70 x 1071° 1.22 x 10715 1.72 x 10728

The combined multi-spectrum CMB result is therefore a survival and
localization statement: the tested ultra-long modes are supported by the
numerical transfer machinery only at the lowest multipoles at the sampled
grid points, while the low-¢ directional candidate itself does not survive the
strongest internal robustness tests. No official Planck directional likelihood
preference for ICH is claimed.

8.10. CMB interpretation and methodological boundary

The CMB analysis separates prediction consistency from statistical evi-
dence. The fitted T+E structure is concentrated at very low ¢, as qualitatively
expected by ICH, and one candidate direction recurs in several treatments.
However, the low p-value of the unmasked full-map scan is not stable under
corrected masking and does not replicate across half-mission splits. The cor-
rected mask calibration therefore strengthens the methodological conclusion
rather than the signal claim.

The present suite is not the official Planck lowE pixel likelihood and does
not use the full Planck end-to-end systematics simulation machinery. The
empirical HMHD noise model is approximate, component maps are correlated,
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and the exact ¢ = 2-14 localization was identified after inspecting the same
Planck sky. Cosmic variance is intrinsically severe at these multipoles. A
genuinely new or held-out data set is required for independent confirmation.
Within the ICH program, the principal discriminating test remains large-scale
structure and cross-survey coherence rather than retrospective optimization
of the same CMB realization.

9. Large-scale structure, lensing, voids, and rare objects

9.1. Galaxy clustering and redshift space
At leading linear order,

0, (k, 2) = [bl(z) + f(z)uﬂ dm(k, 2) + €stocn + relativistic/selection terms.
(56)
A survey-facing prediction may be written schematically as

dPsd = do + WaurveyMrsp Ts G(O1), (57)

where Wurvey includes mask, radial selection, coordinate convention, target
selection, estimator response, and other window effects. An unwindowed sky
template is not directly comparable to a survey statistic.

9.2. Weak lensing and voids
For sources at comoving distance y,, define

2 x(xs — x)
Wr(x: xs) = 2 . (58)
In the Born/flat-sky benchmark,
Xs
K1<ﬁa Xs) - 0 dX WL(Xv Xs)viq)W,I(X’flv Z)? (59>

with a corresponding curved-sky generalization [16]. For the standing wave,

Ky o< — Ak (1 — u?) /dx Wi Tw (K1, z) cos(kiux + ¢r). (60)
A normalized tomographic template correlation is
rl= <”I2’i“1’fz . (61)
<HI,i><’L€I ]>



For a stacked void observable V (R, z),
V(R,z[o1) = Vo(R, 2) [L + Ry (R, 2)0p + -+ -]. (62)

Because the template is explicitly low-k, it does not generate a compact
high-frequency lensing clump by itself. Sharp localized features attributed
directly to the imprint would violate the model’s own support assumptions.
The natural lensing target is a low-amplitude, spatially extended residual or
a coherent cross-survey/tomographic mode, not a new population of compact
peaks. Candidates must survive shear-calibration, mask, photometric-redshift,
point-spread-function, and reconstruction null tests [24-26].

For void applications, the same low-k restriction implies smooth stacked
residuals rather than sharp profile features [27H29]. A True Void is faint
because it is genuinely low in inferred mass as well as luminosity, whereas
an optically faint region with high lensing/clustering mass and node-like
topology is not a void and belongs to the Dark-Node test described below.
This mass—luminosity—topology distinction prevents optical emptiness from
being confused with gravitational underdensity.

9.3. Rare objects and early growth
For halo abundance,

1
nn(M, 2|61) = (M, 2) |1+ b2, + 5b’;5§ ] (63)

Large rare-halo bias allows a small long-mode modulation to produce a larger
fractional effect in the extreme tail without requiring a large global change to
structure growth [I0]. This is the mathematical route to the ICH rare-early-
object prediction class; it does not replace ordinary halo, gas, accretion, or
selection physics. The null must include ordinary rare-tail statistics, halo bias,
baryonic uncertainties, lensing magnification, stellar-population systematics,
and selection effects [32-34].

9.4. Distance-related inference without a new expansion law

ICH does not replace the homogeneous Friedmann relation. At background
order,
HICH(OJ) = Hbase(a)a DI(g)H<Z> = D(O) (Z) (64)

base

Any effect in distance-sensitive inference must enter through standard per-
turbative line-of-sight terms, environmental covariance, peculiar velocities,
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lensing magnification, or survey selection rather than through a new zeroth-
order expansion law:

Dobs(za ,ﬁ’) = DIE)(;)se(Z> + 5Dstd<zﬂ ﬁa CG) + 6DI(’Z7 ﬁa @I)a (65)

with |0D;| < Dég)se. A robust requirement for a genuinely modified back-
ground expansion would therefore not support ICH as defined here; it would

point to a different cosmological model.

10. Cosmic-web node environments and the population layer

10.1. Independent node definition

The node-environment extension is an observational hierarchy, not a new
source term. To avoid circularity, the cosmic-web environment must be
reconstructed independently of the external catalog used to test quasar, H1,
black-hole, or gas occupation. A smoothed tidal/Hessian tensor can be defined
as

E]<.’B, Rs) = 810jV*253(:13), (66)

with node classification based on eigenvalues/topology or a persistent-
topology method such as DisPerSE [17]. Threshold, smoothing scale, and
mass/connectivity ranking must be fixed without knowledge of which nodes
host the external target objects.

A bounded schematic response for node membership may be written

logit P(N = 1©1) = ay + R0y, + RNKLKY + -+ (67)

10.2. P11: Radiant Phase

The Radiant Phase is the luminous active face of the node program: an
extreme quasar or active ultra-massive-black-hole candidate associated with
a massive node environment. For an indicator Yy,

P(Yy=1)
1—P(Yy=1)

log =aqg + ﬁQ'CQ + ByN + ﬂLQqI(CIZ; @I)- (68)

The ICH-specific test is a residual J;g > 0 after predefined controls. The
node field must be defined independently before testing quasar occupation.
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10.3. P12: Veiled Phase and Dark Nodes

The Veiled Phase is an astrophysical /evolutionary state: a faded, dor-
mant, obscured, or low-accretion remnant candidate. A Dark Node is an
environment /class: a massive but underluminous cosmic-web node with high
gravitational /topological rank relative to its luminosity. The two are not
synonyms, and a Veiled object need not live in a Dark Node. Let Yy represent
the operational Veiled class and DN a Dark-Node indicator. Then

P(Yy = 1)
1— P(Yy = 1)

log =ay + Bv-Cyv + fpDN + Brvar. (69)

GR supplies the geometry /environment layer. Fading, dormancy, obscuration,
accretion state, and H1 content require ordinary astrophysical duty-cycle and
selection models.

The Radiant—Veiled relation is evolutionary motivation, not a new field
equation. If the luminous duty cycle is short compared with the time spent
in low-accretion states, a conditional expectation is

Nveiled > NRadiant (70)

subject to redshift, selection depth, obscuration, gas supply, and duty-cycle
completeness. No analogous abundance inequality is asserted for Dark Nodes
themselves.

Operationally, a minimal Dark-Node candidate requires both
(i) node-like topology or high filament connectivity and (ii) high
lensing/clustering/richness/topology-inferred mass relative to electro-
magnetic luminosity. HT richness, low surface brightness, weak AGN emission,
or optical faintness are supporting tracers only; none is sufficient without the
mass—topology criterion.

10.4. P13: Baryonic Trace

For a baryonic observable B,
Bovs(x) = Bo(x;n5) + Rpdy, + REKLKY + ep. (71)

The nuisance vector mp contains ordinary gas physics, feedback, merger
history, calibration, and selection. P13 is a residual topology-linked test after
these controls, not a claim that GR alone predicts gas thermodynamics.
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Relevant tracers may include X-ray emission, thermal/kinetic Sunyaev—
Zel’dovich observables, UV absorption, FRB dispersion measures, Lya nebu-
lae, molecular or ionized gas, HT structures, radio jets/lobes, fossil cavities,
metallicity, low-surface-brightness material, star-forming filaments, and future
warm-hot intergalactic-medium reconstructions [35H37]. These are ordinary
baryons. The geometric hypothesis enters only through the residual asso-
ciation with independently defined node environments after halo mass, gas
physics, merger history, AGN feedback, redshift, and selection are controlled.

10.5. Combined node-environment logic and controls

P11-P13 are not three independent anomaly baskets. The strongest
node-environment outcome is a population-level pattern in which (i) massive
luminous nodes show a residual enhancement of extreme active systems,
(ii) massive nodes contain a residual faded/dormant/obscured counterpart
population, (iii) a high-contrast subset is massive but underluminous in the
Dark-Node sense, and (iv) node-connected regions show feeding, feedback,
depletion, heating, expulsion, inflow, or redistribution traces beyond ordinary
expectations. The four signatures need not occur in the same individual
node; the coherence is statistical across the independently reconstructed node
population.

[lustrative cluster-control examples and toy counting thresholds are col-
lected in [Appendix D] They are not used to define the node classes or to set
thresholds for the prospective test.

11. Pre-registered predictions P1-P13

The Euclid-testable prediction record was staged before the decisive Euclid
DR1 test: P1-P10 were prepared on 17 January 2026, P11 was added on 1
February 2026, and P12-P13 were added on 30 April 2026 [1I]. The exact
archival title, version, and filename are given in that reference. The chronology
is preserved rather than retroactively presenting all thirteen as simultaneous
predictions. Table [J] gives the operational mapping used in the present
formulation.
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Table 9: ICH P1-P13 operational mapping. Outcome classifi-

cation is given separately in [Appendix C|

P Prediction Primary quantitative channel

P1 Non-evolving residual Tomographic residual-template coherence
patterns after standard evolution/projection

P2 Subdominant amplitude Posterior on Ar and residual amplitudes

P3 Coherent weak-lensing E-mode shear, low-¢ modes, lensing—L.SS
residual modes cross-correlation

P4 Cross-survey persistence Common-0y joint likelihood /posterior

overlap

P5 No distance-redshift Standard background distances with
modification perturbative residuals only

P6 Smooth void lensing Void response and cross-survey stacks

P7 Cluster lensing: no new Low-k support plus lensing operator
localized clumps

P8 No high-frequency/small- ~ Wi(k > keyt) = 0
scale imprint

P9 Rare localized Biased rare-halo response, Eq.
early-growth outliers

P10  Faint anisotropy within Oriented CMB/LSS template under
precision constraints isotropy bounds

P11  Radiant Phase Independent node reconstruction plus

extreme-quasar occupation, Eq.

P12  Veiled Phase and Dark Veiled occupation/Dark-Node contrast,
Nodes Eq.

P13  Baryonic Trace Residual baryonic response, Eq.

The strongest support would not be the accumulation of individually
suggestive examples. It would be a common low-k realization compatible
with precision CMB constraints that then predicts independent LSS, lensing,
void, and node-environment features without refitting direction, phase, or
scale to each data set.

12. Joint inference, model comparison, and falsification

Let

D = {DCMBa Dlensa DLSSa Dvoid7 Dnode; Dp0p> Dbaryon}-

(72)
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A master forward distribution can be written
P(D|@h @cosa {775}) = ijoint [D | IJ'(@D @COS7 T’)v C(@Ia @COS7 77)] . (73)

Channel means contain the relevant transfer/projection/window operators
acting on (g + (1(©1). Instrumental and astrophysical nuisances may be
channel-specific, but Oy is global. Factorization into independent likelihoods
is justified only when cross-channel covariances are negligible or explicitly
conditioned away.

A Bayesian comparison uses

Z
Bu=2t  Zi= [ a6, (D16, Hiyw (6] ;). (74)
0
while a frequentist implementation may use a likelihood-ratio statistic cal-
ibrated on complete Hy mocks that repeat the scan over direction, phase,

scale, and bandwidth. A useful cross-survey compatibility condition is
Ne.en # 2. (75)

No common region means the unified realization fails even if isolated channels
look individually suggestive.
The standard limit is

Al—-0 — G—=0, ®Ri =0, d,6 —0, & —0 H — H,.
(76)

A claimed ICH realization fails, or an individual prediction route fails, if
the signal disappears after gauge-removable pieces and complete projection
terms are handled; if it requires new gravity, extra stress—energy, or localized
imprint mass; if high-k power is required; if CMB and late-time data admit
no common Or; if survey-window or selection effects remove the signal; if P11-
P13 vanish after independent node reconstruction and matched controls; or if
the restricted template gains no model-comparison advantage over ordinary
ACDMcosmic variance after prior-volume and look-elsewhere penalties.

The boundaries are part of the model definition. Weak amplitude requires
the imprint contribution to remain subdominant to the baseline signal. Ultra-
large-scale support requires scientifically relevant template power to remain
below the adopted k.. and not migrate into halo-scale structure. Smoothness
forbids interpreting the imprint itself as a compact lensing or mass clump.
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Frozen-imprint persistence permits redshift evolution of tracers, growth, and
projection kernels but not arbitrary intrinsic sign or morphology changes of
the underlying coherent pattern. Background preservation forbids rescuing the
fit with a new homogeneous expansion law. Environmental selectivity requires
topology-conditioned residuals rather than a uniform sky-wide enhancement.

A useful redshift-coherence diagnostic is to write a normalized structural
template Sx(z) for observable channel X and test whether

Corr[Sx(z:), Sx(2))] (77)

remains consistent with the evolution predicted by the same Oy after standard
transfer and selection effects. P1 does not require numerical constancy of an
observable; it requires persistence of the underlying large-scale organization
once ordinary redshift-dependent response is included.

13. Selected observational context

This section does not redefine the model and is deliberately limited to
observations that are compatible with, useful for calibrating, or directly
constraining the preregistered tests. None of the examples below is counted
as a detection of ICH.

13.1. Planck: precision boundary, not supporting evidence

The integrated analysis in Sec. [§| sharpens the earlier Planck interpretation.
The frozen TT-only preference is statistically ordinary after the look-elsewhere
correction. The corrected T+E full-map candidate has a lower nominal
matched-null probability, but the feature is not robust to corrected polarization
masking and fails half-mission replication. The multi-spectrum CMB audit
further shows that the tested ultra-long modes are strongly localized to low
multipoles in CAMB’s stored transfer representation. The resulting statement

is therefore compatibility plus a precision boundary, not CMB evidence for
ICH.

13.2. Euclid high-redshift quasars: compatible, non-confirmatory

Euclid reported 31 new quasars at 6.6 < z < 7.8 from approximately
3000 deg? of early Wide Survey coverage, including 12 at z > 7 [I8]. Their
existence is compatible with the rare-object/environmental direction of the
ICH program and enlarges the target sample relevant to P11. It is not a P11
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test by itself. The preregistered test requires an independently reconstructed
Euclid node field followed by controlled extreme-quasar occupation or cross-
correlation. Using quasar locations to define the nodes would reverse the
conditioning and create selection circularity:.

13.3. JWST/ASPIRE: qualitatively consistent, non-discriminating

ASPIRE studied 25 luminous quasars at z > 6.5, identifying 487 [O 111]
emitters at 5.3 < 2 < 7.0, of which 122 lie within |Av,s] < 1000 km s~ of the
quasars; the reported enhancement is about 9.4 relative to the average density
at other redshifts, with seven quasars tracing significant galaxy overdensities
[19]. This is qualitatively consistent with the environmental direction of the
Radiant-Phase prediction but is not discriminating evidence for ICH because
the observations are quasar-centered and standard massive-halo/environment
physics is already part of the null.

13.4. FAST/FASHI dark-galaxy candidates: compatible tracer context

The FASHI/FAST analysis of Monaci et al. compiled 70 dark-galaxy
candidates within 50 Mpc under its catalog definition [20]. Such H I-rich or
optically faint objects are compatible as external tracers for P12/P13, but the
catalog is not a Dark-Node catalog in the ICH sense. A Dark Node requires
independently inferred high gravitational /topological node rank relative to
luminosity.

13.5. Cluster systems as controls

Complex merging clusters can show substantial separation between gas,
galaxies, lensing mass, and projected structure. Such systems are useful
controls for the operational Dark-Node criteria, but they are not evidence
that ICH creates an additional compact mass component. In particular,
the Bullet Cluster is treated as a control on mass—gas offsets in ordinary
gravitational structure, consistent with P7’s requirement that the imprint
itself not behave as a localized clump [21].

13.6. Gravitational-wave memory: analogy only

Gravitational-wave memory illustrates that GR admits persistent changes
in geometric observables after transient dynamics [22, 23]. The analogy is
conceptually useful but physically distinct:

Ah?x;emory 7& 0 74)) CI 7& 0, CI 7é 0 7é)> Ah;?emory 7& 0. (78)
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No gravitational-wave statistic enters the ICH likelihood, and memory is not
presented as empirical support.

14. Discussion and present limitations

14.1. What is established mathematically

The scalar backbone has four connected pieces. The ICH contribution
is identified with a restricted part of standard curvature initial data rather
than an extra field. Equations (15)—(20) give an explicit family satisfying the
ADM constraints. The adiabatic matter completion connects that family to
ordinary Einstein—Boltzmann evolution. The forward equations then provide
a continuous chain from the initial template to observable likelihoods. This
removes the objection that ICH is only a verbal curvature analogy. It does
not establish that nature selects the restricted initial-condition family.

14.2. What is an ansatz rather than a GR theorem

The restricted low-k prior itself is the hypothesis. GR permits many initial
data; it does not derive the preferred direction, phase, wavelength, bandwidth,
or amplitude. Likewise, the node-environment occupation equations are
phenomenological statistical models. GR supplies geometry and ordinary
evolution, while quasar duty cycles, obscuration, gas supply, feedback, star
formation, and survey selection must be modeled astrophysically.

14.3. The ordinary-long-mode degeneracy

A sufficiently general ordinary stochastic realization can contain unusual
low-£ features. ICH acquires independent content only if its restricted tem-
plate compresses multiple observations more effectively than the standard
ensemble after the full penalty for choosing that family. A strong outcome
would leave a nonzero CMB-allowed region of ©; that, without re-optimization,
predicts a weak directional /phase-coherent signal in independent LSS /lensing
statistics and population residuals in independently defined node environ-
ments. Conversely, if Planck-allowed parameters predict nothing measurable
at late times, if late-time residuals demand a different direction or scale, or if
the evidence disappears when the template scan is repeated in null mocks,
the unified realization fails.
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14.4. What the completed CMB sequence establishes

The numerical CMB work now goes beyond the original V4 diagnostic.
Exact CAMB temperature and polarization transfers are normalized and
independently checked against native spectra, CLASS provides a low-/ baseline
cross-check, the frozen TT-only scan is calibrated with matched look-elsewhere
simulations, the T+E extension includes empirical polarization noise, half-
mission and component-map robustness have been tested, the mask calibration
has been corrected for mode-coupling support, masked half-mission cross-
validation is complete, and a Planck fixed-parameter TT+TE+EE+lensing
consistency baseline plus high-¢ transfer audit has been performed.

The resulting scientific message is more restrictive than the unmasked
T+E p-value alone: Planck contains an exploratory recurrent low-¢ directional
structure whose scale localization is qualitatively consistent with the ICH
low-¢ expectation, but the significance is not robust to corrected masks and
the feature fails internal half-mission replication. It is therefore a prediction-
consistent candidate feature, not CMB evidence for ICH.

14.5. Remaining precision-level extensions

The CMB validation sequence reported in this manuscript is complete at
the level claimed here: it includes the diagnostic low-¢ directional analysis,
matched look-elsewhere calibration, polarization extension, robustness and
internal replication tests, and a fixed-parameter TT+TE+EE+lensing con-
sistency audit with a high-¢ transfer check. What has not been attempted
is an official Planck-likelihood precision parameter inference. In particular,
the present work does not implement the official Planck lowE pixel likelihood
with the full Planck end-to-end systematics simulation machinery, nor a full
cosmological /nuisance posterior for the deterministic directional template.
The empirical HMHD noise model remains approximate and does not fully
represent spatially anisotropic Planck noise/systematics. These are precision-
level extensions beyond the completed diagnostic validation, not missing steps
in the numerical tests reported above.

The principal prospective tests are instead in independent late-time data.
Quantitative LSS and weak-lensing confrontation requires actual survey masks,
selection functions, estimators, photometric-redshift uncertainties, shape
calibration, and realistic null mocks. The node program requires a frozen
node classifier and matched controls; P13 additionally requires gas/feedback
calibration or nuisance marginalization. These steps do not require modified
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gravity, although sufficiently realistic nonlinear and hydrodynamic mock suites
may eventually become HPC-scale tasks.

For the node program, progress means catalog-level definitions fixed
without inspecting the external target population: node smoothing/topology
threshold, node mass or connectivity rank, quasar/extreme-object criteria,
Veiled-state criteria, the Dark-Node mass-to-light statistic, and baryonic-trace
selections. Famous objects may illustrate a definition but must not set the
threshold used to test it.

14.6. Interpretation if the restricted model survives

If the model survives both precision-CMB constraints and independent
late-time tests, the appropriate conclusion remains narrow: an observationally
useful part of the realized cosmological initial data may be compressible
as a weak coherent low-k geometric component while the dynamical laws
remain those of ordinary GR. Such a result would not by itself identify a
microphysical origin, replace standard matter physics, or prove that every
cosmological tension has a common cause. Its significance would be the cross-
survey predictive value of a restricted initial-condition realization. Conversely,
internal mathematical consistency without predictive advantage over the
ordinary stochastic ensemble is not sufficient evidence for a distinct ICH
component.

15. Conclusion

The Imprinted Curvature Hypothesis can be posed as a mathematically ex-
plicit, constraint-compatible, gauge-disciplined initial-condition model within
unmodified General Relativity. The minimal construction introduces a weak
restricted low-k curvature component (; on a physically specified early hyper-
surface, embeds it in explicit ADM-constraint-satisfying initial data, completes
the matter sector with standard adiabatic perturbations, and evolves the
result using ordinary Einstein—Boltzmann transfer physics. Constant and
pure-gradient adiabatic pieces are excluded from local physical claims; ob-
servable content begins with finite curvature/tidal structure and complete
projection effects.

The same global parameters are required to propagate into CMB, LSS,
RSD, weak lensing, voids, rare-object abundance, and independently recon-
structed cosmic-web environments. The Radiant Phase, Veiled Phase, Dark
Node, and Baryonic Trace are operational population classes or states, not
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new physical sectors. P1-P13 remain linked by the weak, smooth, large-
scale, background-preserving character of the hypothesis and by their staged
preregistration chronology.

The integrated Planck analysis imposes a particularly important boundary.
The frozen TT-only scan is ordinary under the matched ACDMnull. The
corrected unmasked T+E scan finds a recurrent low-¢ candidate with nominal
p =~ 0.024, but this significance is not stable under corrected polarization
masks and the candidate fails half-mission replication. The multi-spectrum
CMB audit shows that the tested ultra-long modes are strongly localized to
the lowest multipoles in the stored CAMB transfer representation. Taken
together, these results establish neither a preferred cosmological direction nor
evidence favoring ICH over ACDM.

The decisive empirical question is therefore prospective and cross-survey:
does a restricted coherent low-k realization survive precision CMB constraints
and then predict independent late-time residuals with enough shared direction,
scale, phase, and morphology to outperform an ordinary Gaussian adiabatic
realization after all survey and model-complexity penalties? If not, the unified
ICH realization fails. If a nonzero common region survives and predicts the
preregistered signatures without per-survey retuning, the framework gains
empirical support while remaining inside standard GR.

Appendix A. Bridge to the original e® notation

Combining Egs. @ and on a flat reference background gives
4
ed(x) = —EVQCI(:B). (A1)

For a single Fourier mode, e® o 4kZA;/a?. The two parameterizations
encode the same scalar initial-curvature content at linear order, but (; is more
convenient for standard cosmological transfer functions while e® retains the
original geometric definition.

Appendix B. Constraint algebra, curvature decomposition, and
standard-limit checks

The four-dimensional Riemann tensor admits the standard decomposition

1 R
Raped = Capeat 3 (GacRea+ gpaRac — Goe Rad — Gaa Re) — 5 (GacGbd— Gadgee)- (B.1)
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Exact FLRW has Cy,.q = 0. This identity does not imply that a scalar
modulation of ®)R automatically produces Cypeq # 0; that conclusion requires
the full spacetime initial data.

For the constructive data of Eqs. 7,

K? - K;;K"7 =9H? — 3H? = 6H_. (B.2)
Substitution into Eq. gives
®R 4+ 6H? = 167GE + 2A, (B.3)

and hence Eq. . For K7; = —H*(Sf and spatially constant H,, D;K7; —
D;K = 0, hence p; = 0. The explicit family therefore satisfies both con-
straints on X,. The limit A; — 0 gives (; — 0, removes the ICH curvature
perturbation, and continuously recovers the standard background initial data.

Appendix C. Prediction outcome matrix

“Supportive” in Table means compatible with the stated ICH channel
after the baseline/null analysis; it does not mean unique evidence for ICH.
“Tension” denotes an ambiguous or analysis-sensitive result. “Failure” means
that the named prediction route is not supported under the model definition.

Table C.10: Operational outcome matrix for P1-P13.

Failure of route

P Supportive/

compatible outcome

Tension /ambiguous
outcome

P1 Same underlying Coherence depends Intrinsic sign/
large-scale strongly on binning orientation/
morphology remains or reconstruction. morphology changes
coherent across are required.
redshift after
transfer /projection.

P2 Weak residual Posterior A large/dominant
amplitude; no approaches the new component is
dominant correction perturbative required.
to the baseline. boundary.
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P Supportive/ Tension/ambiguous  Failure of route
compatible outcome outcome

P3  Low-/¢ lensing Present only in Vanishes under
residual survives selected routine lensing/
masks, calibration, reconstructions. systematics null tests.
and independent
pipelines.

P4 Compatible Partial overlap only, Survey-preferred
shared-Op structure  sensitive to templates are
occurs in windows. mutually inconsistent.
independent
surveys.

P5  Background One inference Viability requires a
distances remain pathway shows new homogeneous
standard; only weak unresolved expansion law.
perturbative environment/
residuals appear. calibration

dependence.

P6  Smooth coherent Strong void-finder Sharp/localized or
void-lensing/ dependence. intrinsically rapidly
environment evolving void feature
modulation. is attributed to the

imprint.

P7  Cluster-related ICH  Weak calibration The imprint must
contribution remains trend is degenerate supply a compact
smooth and with baryons/ additional mass peak.
subdominant. projection.

P8  Candidate support Weak small-scale Claimed detection is
is confined to low leakage remains dominated by small
k/low . analysis-dependent. scales/high k.

P9 Extreme early Rare-tail excess A uniform global
objects show a lacks clear growth enhancement
residual environmental is required.
environment- dependence.
conditioned excess.

P10 Faint Significance is Strong anisotropic

preferred-direction
signal remains
within CMB/LSS
isotropy bounds.

mask /look-

elsewhere sensitive.

33

expansion or precision-
incompatible
anisotropy is required.



P Supportive/ Tension/ambiguous  Failure of route
compatible outcome outcome

P11 Extreme-quasar tail Trend is catalog/ Residual node
is enhanced in node-definition enhancement vanishes
independently sensitive. after controls.
defined massive
nodes after controls.

P12 Residual Veiled Classification Veiled residual
population and/or depends strongly vanishes and
genuine high-mass on obscuration, Dark-Node candidates
underluminous mass proxy, or are low mass or
Dark-Node threshold. non-node-like.
environments
survive controls.

P13 Node-connected Association Standard halo/gas/

baryonic traces
retain a
topology-linked
residual after gas/
feedback controls.

depends strongly
on tracer or gas
model.

feedback /selection
physics absorbs the
residual.

Appendix D. Node-control examples and
thresholds

illustrative counting

The examples in this appendix are controls and intuition aids rather than
evidence for ICH or definitions of the prospective node test. Complex cluster
systems are useful because gas, galaxy light, lensing mass, and projected
topology can separate for ordinary reasons. Abell 520 illustrates how a
proposed high mass-to-light feature can depend strongly on independent
lensing reconstruction, while Abell 2744 illustrates a highly connected massive
node without thereby becoming an underluminous Dark Node [38-H40]. The
Bullet Cluster remains a control on merger-induced mass—gas displacement
rather than an ICH explanation target [21]. Phoenix-like cool-core systems
illustrate the richness of ordinary baryonic feeding/feedback physics that must
be included in the P13 null rather than counted as ICH evidence [41-43].

For intuition only, suppose a predefined node sample obeys
K ~ Binomial(n,py) under the null. Table [D.11] gives exact illustra-
tive one-sided thresholds. Real analysis must replace this toy model
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with survey mocks, correlated environments, selection functions, and
look-elsewhere treatment.

Table D.11: Tllustrative one-sided binomial count thresholds for a predefined node sample;
not a forecast for the actual Euclid node catalog.

n Po K, Kso

31 010 10 15
31 020 14 20
31 025 16 22
25 0.10 9 13
25 020 13 17
25 025 14 19

Appendix E. Equation taxonomy

The equations in this paper fall into four classes: standard
GR/cosmological identities and dynamics; a constructive choice of
admissible initial data; the ICH ansatz/prior defining the restricted low-k
family; and observable mappings, response models, or statistical tests. The
distinction is deliberate. No equation adds a new gravitational degree of
freedom. The node-environment logistic relations and baryonic-response
equations are phenomenological population models, not deductions of gas or
black-hole astrophysics from the Einstein equations.

Appendix F. Validation audit trail and reproducibility boundary

The scientific conclusions use only the corrected diagnostics reported in
Sec. [§} Two earlier calculations are retained here solely for auditability.

First, an early noise-free T+E calculation returned an apparently extreme
p < 0.0005. That result is invalid because observed Planck polarization
contains substantial noise/systematics while the null simulations omitted
polarization noise. It is not used as evidence.

Second, preliminary mask robustness and masked split calculations used
unequal pre-mask spectral support: observed maps were low-passed through
¢ = 47 while null simulations contained support only through ¢ = 14. Because
masking couples multipoles, those preliminary results are superseded by the
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corrected common-support-through-¢ = 29 calibrations. The superseded
full-map mask probabilities were approximately 0.121, 0.140, and 0.151 for
thresholds 0.80, 0.90, and 0.95; the corresponding preliminary masked cross-
refit probabilities were approximately 0.522, 0.588, and 0.550. None of these
preliminary values is used in the current inference.

The frozen TT reproducibility reference uses 2000 null simulations, seed
562026, HEALPix Ngge = 16, and = = 0.5,1.0,...,15.0. The corrected
noise-aware T+E run uses 10,000 matched simulations. The corrected mask
and masked-split calibrations use 2000 matched simulations per mask thresh-
old. Machine-readable null distributions, scan summaries, software pins, and
checksums are preserved in the archived validation packages. The manuscript
contains all numerical quantities required to understand the scientific claims;
the archives are reproducibility records rather than hidden scientific depen-
dencies.
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