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We present Information-Enhanced Gravity (ISST), a scalar-tensor theory defined by the action
S = (16π)−1

∫
ΨR

√
−g d4x +

∫
(1+f)Lm

√
−g d4x, where Ψ is a scalar field with no kinetic term

and f is the Kullback–Leibler divergence of the matter phase-space distribution from a maximally
uninformative reference. The theory eliminates dark matter as a particle species, the cosmologi-
cal constant, and dark energy — replacing them with information-enhanced baryonic gravity and
Wiltshire’s backreaction cosmology, which we derive as the simplest physically-motivated inhomo-
geneous background compatible with the field equations (strict exclusion of LTB/Szekeres alterna-
tives identified as open). A Branch theorem (R∇Ψ = 0) partitions spacetime into two sectors. A
parameter-free static-fluid theorem (App. H) forces all physical stars into the GR-recovering branch
— not as a screening limit but pointwise — underwriting exact PPN parameters (γ = β = 1),
gravitational-wave speed cGW = c (structural, not tuned), and LLR bounds. From the Standard
Model thermal history we obtain fprim = 5.66 ± 0.12, predicting Ωm/Ωb within 4.2% of Planck
with no fitted parameters (1.6–1.8σ tension). The field equations yield a first-principles acceleration
scale acrit within 11% of the empirical MOND a0 — a quantity neither ΛCDM nor MOND de-
rives. Rotation curves for 175 SPARC galaxies are fitted with universal parameters (no per-galaxy
tuning); the morphological breakdown is structurally predicted by the same operator that gives
Newtonian dynamics for NGC 1052-DF2. The CMB peak-height ratios under the strict action re-
main open: the perturbation-level mechanism producing collisionless-like growth from (1+f)Lm has
not been derived, and a first-pass acoustic-angle result (−0.83% on an effective-FRW proxy) carries
∼ 5–10% systematic uncertainty. The fprim derivation chain from the KL functional to the discrete
DOF sum has a specific structural obstruction (single-epoch functional vs. path-additive history).
Pre-committed falsification conditions include direct dark-matter particle detection, cGW ̸= c, and
DESI DR2 fσ8 shape.

I. INTRODUCTION

Modified gravity theories face a recurring problem:
they fix one scale and break another. MOND [48] ex-
plains galaxy rotation curves but has no cosmology.
f(R) theories [5] address cosmic acceleration but require
screening mechanisms that are themselves fine-tuned.
Tensor-vector-scalar theories were largely killed by the
GW170817 constraint |cGW/c− 1| < 10−15 [75, 77]. The
result is a landscape where every proposal succeeds lo-
cally and fails globally. This paper presents a theory that
attempts the full range — from Solar System to CMB —
within a single action. It succeeds in some places, fails
honestly in others, and identifies precisely where the open
problems lie.

The action. ISST modifies gravity through two mech-
anisms: a non-minimally coupled scalar Ψ that mul-
tiplies the Ricci scalar (with no kinetic term), and an
information-theoretic enhancement (1+f) of the matter
Lagrangian, where f measures how far the matter dis-
tribution has departed from thermodynamic equilibrium.
The theory has no cosmological constant, no dark-matter
particle, and no dark-energy field. It has one action, two
branches, and a set of tensions it does not hide.

Structural backbone. Five results anchor the the-
ory, each derived from the action with no free parameters:

1. The Branch theorem: the Bianchi identity applied

to the field equation forces R∇νΨ = 0 pointwise —
spacetime partitions into regions where either the
Ricci scalar vanishes (Branch A, cosmological) or
Ψ is constant (Branch B, compact objects).

2. The static-fluid theorem (App. H): for any static,
spherically symmetric perfect fluid on Branch A,
central pressure is forced to Pc = 0 — unphysical.
All physical stars are therefore on Branch B, where
the field equation reduces to Einstein’s equations
with G = (1+f)/Ψ0. This is exact GR recovery,
not a screening approximation. It underwrites the
PPN results, the LLR bound, the gravitational-
wave speed, the rotating-neutron-star extension,
and the DF2 prediction — half the paper’s con-
firmed results trace to this single derivation.

3. The acceleration scale: the wall-Friedmann
equation and weak-field algebra yield acrit =
3(

√
21−3)
4 cH0/(1+fprim) ≈ 1.07 × 10−10 ms−2,

within 11% of the empirical MOND value. ΛCDM
does not predict this number; MOND takes it as an
empirical input. ISST derives it from two algebraic
identities.

4. The cosmological-floor identity : (1+fprim)Ωb = Ωm
overshoots the Planck value by 4.2% from a single
Standard Model thermodynamic calculation with
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no fitted parameters. We report this as a 1.6–1.8σ
tension and do not absorb the residual.

5. Gravitational-wave speed : cGW = c follows struc-
turally from the absence of a kinetic term for Ψ —
the theory sits in the GW170817-surviving corner
of Horndeski space by construction, not by tuning a
coefficient. Most scalar-tensor theories were killed
or constrained by that measurement. ISST passes
it trivially.

On the open CMB perturbation status. The the-
ory’s most significant limitation is stated plainly: the
CMB peak-height ratios are not yet derived from the ac-
tion. The strict uniform-f perturbation source is falsified
at > 10σ at the third peak. An environment-dependent
closure provides only percent-level corrections, not the
factor-∼ 30 needed. A first-pass acoustic-angle calcu-
lation gives −0.83% agreement with Planck, but on an
effective-FRW proxy whose background diverges from the
committed Wiltshire H(z) by +76% at recombination
— the systematic uncertainty is ∼ 5–10%, larger than
the headline number. A modified Boltzmann code with
the true two-domain background is identified as the crit-
ical next computation. For context: MOND’s relativistic
completions (AQUAL [54], 1984; TeVeS [55], 2004) re-
quired several more years of independent analysis before
engaging CMB peak structure. ISST engages the CMB
in its first paper, identifies the failure mode, and states
the path to resolution. The gap is real. It is also young.

Honesty as method. This paper openly catalogues
six claims that were made and subsequently dropped dur-
ing development — including a wrong-sign S8 predic-
tion, a BBN-catastrophe artefact, and the strict uniform-
f CMB source. Most modified-gravity papers do not
publish their failed attempts. We do, because a the-
ory that cannot identify its own errors cannot be trusted
when it claims success. The full audit trail — 88 results
tagged as PROVEN, DEMONSTRATED, INDICATED,
OPEN, or DROPPED — is maintained in the companion
derivation ledger and summarised in Table IV.

Collaboration note. This work was produced as a
research collaboration between S.B. (an AI researcher)
and Anthropic’s Claude. S.B. provided physical direc-
tion, adversarial pressure, and all commitments to spe-
cific numbers; the AI performed derivations, ran adver-
sarial self-tests, and managed the derivation-audit sys-
tem. Neither role substitutes for the other. The method-
ology has obvious epistemic limitations: adversarial test-
ing by a system that also advocates has a conflict of in-
terest, and the Derivation Passport’s verdicts have not
yet been independently audited by a researcher outside
this project. That external validation is identified as
a methodological priority (Sec. X), and the keystone
derivations (static-fluid theorem, App. H; ADM con-
straint analysis, App. I) are presented in full in the ap-
pendices for independent verification.

A note on language. The companion site (lily-
labs.co.uk/isst) explains ISST in accessible terms. The

language there prioritises clarity over precision. For exact
claims, derivation status, caveats, error bars, and param-
eter accounting, this paper is the authoritative source.
All load-bearing derivations are presented in the body or
appendices; the companion site provides supplementary
computational outputs and the interactive Passport en-
gine. Code and modified Boltzmann configurations will
be archived on Zenodo upon acceptance.

II. THE ACTION AND FIELD EQUATIONS

A. Action and field equations

ISST is defined by the action

S =
1

16π

∫
d4x

√
−gΨR +

∫
d4x

√
−g (1+f)Lm, (1)

with no kinetic term for Ψ and no cosmological constant.
Variation with respect to gµν yields

ΨGµν + gµν□Ψ−∇µ∇νΨ = 8π T eff
µν , (2)

where T eff
µν = (1+f)Tµν + ∆f

µν . Under uniform f (the

scope of this paper) and on perfect-fluid matter, ∆f
µν is

negligible at perfect-fluid scope (bound |∆f |/[(1+f)T ] ≲
α(σ/c)2 ∼ 10−8 galactic, ∼ 10−5 cosmological-dust; the
bound vanishes identically under the ratchet postulate
(Sec. II F), which is the operative assumption for this
paper’s perfect-fluid applications; see Sec. II B below).
The action is varied with respect to gµν and matter fields
only; Ψ is treated as trace-determined (metrically slaved
through the trace of (2)), with no independent Euler–
Lagrange equation (see Sec. II B). The status of this con-
struction is [proven] at all foundational layers and con-
sistent with the structural commitments enforced by the
Derivation Passport (App. A).

B. Variational status of Ψ

The scalar Ψ is treated as trace-determined : the ac-
tion (1) is varied with respect to gµν and matter fields
χi, but not with respect to Ψ. There is therefore no
Euler–Lagrange equation δS/δΨ = 0 as an indepen-
dent extremisation; the pointwise constraint R∇νΨ = 0
(Sec. IID) emerges from the Bianchi identity applied
to the metric equation (2), combined with the mat-
ter Noether identity ∇µT eff

µν = 0 that holds off-shell
by the diffeomorphism invariance of Sm. The trace of
(2), □Ψ = (8π/3)(1+f)T , is a sourced second-order
PDE: Ψ propagates in every PDE sense. The “trace-
determined” framing refers specifically to the variational
status: Ψ is not independently extremised, and its evo-
lution is entirely determined by the metric and matter
equations through the trace constraint. Whether this
constraint-propagation constitutes an independent dy-
namical degree of freedom is a Hamiltonian-constraint
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question (App. I), not a PDE-classification question on
the trace equation. The Hamiltonian answer is that the
(πΨ, R = 0) pair is first-class, generating the gauge trans-
formation δΨ = ε on the constraint surface, and con-
tributes zero propagating DOF beyond the two graviton
polarisations of GR. The role of Ψ is closer to a con-
straint field or a metrically slaved state variable than to
a Lagrange multiplier in the standard variational sense
(where “Lagrange multiplier” usually denotes an auxil-
iary field whose EOM is itself the constraint); here the
EOM-of-the-multiplier role is played by the trace iden-
tity, not by δS/δΨ. The closest gravitational analogue is
mimetic gravity [89], where a constraint scalar enforces
a structural condition without an extremisation princi-
ple. ADM analysis (App. I) confirms zero scalar prop-
agating modes consistent with this interpretation. Both
branches A and B are admissible solutions of the metric
equation; selection is by boundary data (the static-fluid
theorem, App. H, forces Branch B for static compact
sources; cosmological symmetry forces Branch A on dust,
Sec. VIA). Treating δS/δΨ = 0 as an EOM would force
R = 0 everywhere with f Ψ-independent, eliminating
Branch B; this is not the F01 commitment.

Distinction from mimetic gravity. The structural
similarity of the F01 field equation (2) to mimetic grav-
ity [89] — both feature second derivatives of a constraint
scalar in the gravitational sector — raises the question
of whether ISST inherits the mimetic hidden-mode con-
troversy. In mimetic gravity, the scalar ϕ is constrained
by a Lagrange multiplier λ enforcing gµν∂µϕ∂νϕ = −1,
which produces a propagating dust-like mode whose ki-
netic structure has been extensively analysed in the liter-
ature [99–102]; several authors argue that the constraint
creates a hidden propagating degree of freedom with non-
trivial dispersion in the caustic regime. The ISST con-
struction does not contain this constraint: no Lagrange
multiplier λ enforcing a derivative condition on Ψ ap-
pears in the action (1), and ∇Ψ is not constrained to
be timelike unit. The mimetic-dust mode controversy
therefore does not directly transfer to ISST. Independent
ADM verification of the result in App. I — two tensor
modes, no scalar mode — by an external group, with ex-
plicit reference to the mimetic-DOF analyses of Barvin-
sky [99], Capela–Ramazanov [100], and the Firouzjahi–
Gorji–Mansoori sequence [101, 102], is identified as a
methodological priority (Sec. X). The ADM calculation
in App. I is internal to the project; while it produces the
expected count and is structurally consistent with the
trace-determined-Ψ commitment, an outside check is re-
quired to close the DOF question to the level a hostile
referee would demand.

Dimensional bound on ∆f
µν at perfect-fluid

scope. The Lorentz-invariant phase-space measure
dΠ = d3p/((2π)3p0) depends on the metric through the
on-shell condition p0 =

√−gµνpµpν . The metric vari-
ation δ(dΠ)/δgµν at fixed F contributes to δf/δgµν a
perfect-fluid combination ∝ gµν + uµuν for any isotropic
F , with no anisotropic-stress component. Its magnitude

is bounded by

|∆f
µν | ≲ α (σ/c)2 (1+f)Tµν , (3)

where σ is the local matter velocity dispersion. For
galactic gas (σ ∼ 10 km/s), |∆f |/[(1+f)T ] ∼ 10−8;
for cosmological dust (σ ≲ 600 km/s), ∼ 10−5; for
recombination-era baryons, ∼ 10−9. The dΠ-variation
contribution to ∆f

µν is sub-leading at every perfect-fluid
scope by five or more orders of magnitude. The full
active-equilibration (Maxwell–Jüttner) form, which adds
the contribution from δF/δg at fixed thermodynamic
state, applies in early-universe tight-coupling regimes; for
galactic and present-epoch cosmology, the ratchet postu-
late (Sec. II F) gives ∆f

µν = 0 identically, with (3) bound-
ing the deviation from the ratchet even if the metric-
measure dependence is retained.

C. The information functional f

The matter coupling is set by the Kullback–Leibler di-
vergence of the matter distribution function F (x, p) from
a flat reference,

f(x) = α

∫
F (x, p) ln

[
F (x, p)

Fflat(p)

]
dΠ, (4)

with dΠ the Lorentz-invariant phase-space measure and
α a dimensionless coupling. The functional form is fixed
by Shore–Johnson axioms [10–12]: invariance, subset in-
dependence and system independence pick out the rela-
tive entropy uniquely.
We adopt the local-bounded reading of Fflat: the max-

imally uninformative reference is uniform on the locally
accessible phase space (v < vesc for a gravitationally
bound system) rather than on all of R3. With this read-
ing, the entropy-matching cutoff vEM

max = 2.56σeff coin-
cides with vesc for any virialised population and forces
f⋆ ≈ 0 structurally for hot virialised stars ([proven],
A05.OP1/OP2). Cold gas at σ ≈ 8 km/s is highly con-
centrated within its accessible phase space and carries
fgas ≈ fprim.
The env-dep-f reading—in which δf ∝ δρ through the

A05 DKL operator—is required at the perturbation level
(Sec. VIG) and underlies the Kenv = 1.484 environmen-
tal rescaling of the Hubble constant (Sec. VI); under this
closure the strict uniform-f scope of the present deriva-
tion is the leading-order treatment, and the δf contribu-
tion to perturbations restores the ΛCDM-like peak struc-
ture that strict uniform-f alone does not.

D. Branch theorem

Taking ∇µ of (2) and using the Bianchi identity
∇µGµν = 0 together with the Noether constraint
∇µT eff

µν = 0 yields the pointwise relation

R(x)∇νΨ(x) = 0 ∀x. (5)

Manuscript r2-43faf52 · 2026-04-26 3



1 At every spacetime point, either:

Branch A: (R = 0, ∇Ψ ̸= 0): R vanishes pointwise
while Ψ varies. Cosmology lives here.

Branch B: (∇Ψ = 0, R ̸= 0): Ψ = Ψ0 constant; (2) re-
duces to Ψ0Gµν = 8πT eff

µν . This is general relativity
with G = 1/Ψ0.

Branch selection rule. The Branch theorem (5) ad-
mits two solution classes at every spacetime point. Se-
lection between them is determined by the local equilib-
rium state of matter. Where matter is actively evolv-
ing — cosmological structure formation, ongoing grav-
itational processing — the matter sector’s information
functional f is non-stationary along worldlines, the trace
transport □Ψ = (8π/3)(1+f)T has a sourced solution
with ∇Ψ ̸= 0, and consistency forces R = 0 (Branch A).
Where matter has equilibrated — compact objects, viri-
alised systems, post-recombination dust at the wall scale
— f is stationary on the dynamical timescale, the trans-
port equation admits Ψ = Ψ0 constant, R is uncon-
strained, and the field equation reduces to exact Ein-
stein gravity with Geff = (1+f)/Ψ0 (Branch B). The
static-fluid theorem (F08, below) gives a specific dynam-
ical realisation: static perfect fluids satisfy df/dτ = 0
and Branch B is selected. The selection rule connects
the irreversibility of f accumulation through Standard-
Model freezeouts and structure formation (Sec. II E) to
the geometric structure of the field equation, placing
ISST in the Penrose [94], Jacobson [95], Padmanab-
han [16], and Verlinde [14] family of theories in which
thermodynamic irreversibility shapes gravitational struc-
ture; ISST’s specific contribution is the explicit local re-
alisation through the matter-side information functional
f coupling to the gravitational sector via (1+f)Lm, with
the static-fluid theorem (F08) providing the equilibrium-
boundary mechanism.

For any static spherically symmetric perfect fluid on
Branch A, the central pressure is forced to Pc = 0
(F05–F08): physical stars cannot live on Branch A and
must self-select into Branch B, where their exterior is
Schwarzschild [17]. Branch B recovers GR exactly in the
strong-field regime, not as a screening limit.

Junction conditions across Branch A /
Branch B interfaces. A virialised cluster on Branch B

1 The algebraic identity R∇νΨ = 0 follows from the Bianchi
identity applied to any non-minimally coupled scalar theory of
the form ΨR in the gravity action with matter satisfying the
Noether identity. The structure is implicit in the Palatini-
class [6] and metric scalar-tensor literature [4, 5]. ISST’s con-
tribution is the physical interpretation: at every spacetime point
either R = 0 (Branch A: cosmology, with non-trivial Ψ trans-
port on the Wiltshire two-domain background) or ∇Ψ = 0
(Branch B: compact-object recovery of exact GR with effective
coupling Geff = (1+f)/Ψ0, not a screening limit). The dichoto-
mous structure is exact, not asymptotic.

is generically embedded in a cosmological wall back-
ground on Branch A; a static star on Branch B is em-
bedded in the same. The metric gµν is required to be
C1 across the matching surface Σ separating the two
regions, while R jumps from zero (Branch A side) to
a non-zero value (Branch B side) and ∇Ψ jumps from
non-zero (A) to zero (B). The transition is therefore
not smooth in the distributional sense: the field equa-
tion (2) on Σ admits an Israel-type junction reading [96],
with the extrinsic-curvature jump [Kij ] proportional to
a localised Ψ-gradient discontinuity. For all the appli-
cations in this paper — compact stars in cosmological
dust, virialised clusters in the void background, the So-
lar System in the Galactic wall — the matching sur-
face lies in the weak-field regime where Ψ → Ψ0 on the
Branch-B side smoothly approaches the slowly-varying
Ψ(t) of the Branch-A wall background, and the junc-
tion reduces to the standard scalar-tensor matching of
an isolated source to a slowly-varying cosmological back-
ground [8]. The junction is therefore physically benign in
every regime relevant to this paper’s predictions (PPN,
LLR, GW propagation, lensing). The full junction analy-
sis for strong-field interfaces — e.g., a Branch-B neutron
star in a strongly inhomogeneous Branch-A environment,
or a relativistic infall onto a Branch-B black hole through
a Branch-A medium — is identified as [open], since the
distributional content of R∇Ψ = 0 at Σ in strong-field
configurations has not been worked out.

The status of the branch theorem is [proven]; the
junction analysis is [demonstrated] in the weak-field
regime and [open] in the strong-field regime.

E. fprim from Standard-Model freezeout

The matter coupling on cosmological scales is dom-
inated by a species-independent floor fprim set by the
irreversible information deposited into the baryon distri-
bution at each Standard-Model freezeout (electroweak,
QCD hadronisation, pion+muon decoupling, e+e− anni-
hilation):

fprim =
∑

i∈freezeouts

∆g∗,i
g∗,after,i

= 5.664. (6)

The formula uses no fitted parameters: every input is
either a Standard-Model degree-of-freedom count or a
freezeout temperature from QCD-lattice or perturbative-
electroweak thermodynamics. The formal chain from the
action’s KL functional (eq. 4) to this discrete sum is
structurally open (F145, four candidate paths exhausted;
see “structural diagnosis” paragraph below) — (6) is
therefore properly read as an SM-motivated ansatz with
no fitted parameters, not as a closed-chain derivation
from the action. The observational target is fixed by the
Planck primary parameters Ωbh

2 = 0.02237 ± 0.00015
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and Ωmh
2 = 0.14301 [29], giving

Ωm
Ωb

− 1 = 5.40± 0.15 (68%CL). (7)

The DOF prediction fprim = 5.66 ± 0.06 overshoots
the observation 5.40 ± 0.15 by 4.2% (1.6–1.8σ, where
the lower figure propagates the ±0.06 model uncertainty
on fprim); equivalently, it predicts Ωm = 0.329 ver-
sus 0.3153 ± 0.0073. We commit to the DOF-counting
value fprim = 5.664 as the single ISST output and re-
port the residual as an honest limitation of the sharp-
transition approximation in the DOF sum (real freeze-
outs are smooth crossovers; some species are partially
decoupled at each stage), not as a fit to the observation.
The alternative practice of quoting fprim = 5.40 would
absorb the residual into fprim and produce a misleading
0.1% “match”—we explicitly do not do this.

A smooth-crossover evaluation of the DOF sum (F139)
using realistic transition widths (QCD: ∆T ∼ 20 MeV
from lattice thermodynamics; e+e−: ∆T ∼ 0.3 MeV)
returns fprim = 5.78, marginally larger than the
sharp-transition value, not smaller. The smooth inte-
gral

∫
(1/g∗) |dg∗/dT | dT is path-independent and gives

ln(g∗,init/g∗,final) = 3.31 regardless of crossover width;
a per-transition evaluation that respects the discrete
freezeout structure returns 5.78. The 1.6–1.8σ ten-
sion is therefore a genuine feature of the DOF-counting
prediction, not an artefact of the sharp-transition ap-
proximation. An operator-level derivation from the full
(1+f)Lm thermal history, which would track the contin-
uous entropy injection without discretising into stages,
remains [open] (Sec. X). Status: [demonstrated] (SM-
motivated ansatz with no fitted parameters and stated
1.6–1.8σ tension; smooth-crossover refinement does not
close the gap, F139; the formal chain from the action’s
KL functional to the discrete sum is structurally open,
F145).

From KL functional to DOF sum: structural
diagnosis. The cosmological-floor fprim is intended as
the value of f (eq. 4) at horizon scale on the post-
recombination baryon distribution. The discrete formula
(6) is motivated by the Aczél–Shore–Johnson unique-
ness of DKL applied to the Standard-Model thermal his-
tory: each freezeout that lowers g∗,s injects an irreversible
information increment ∼ ∆g∗/g∗,after into the photon-
baryon plasma, which the ratchet postulate (Sec. II F)
then preserves into the baryon distribution.

The chain from this motivation to the discrete formula
does not close as a derivation. F145 tested four candidate
paths from the action’s KL functional to the discrete sum
(Table I) and ruled them all out: each gives the wrong
magnitude, the wrong scope, or the wrong information
measure to recover (6) from the action with the galactic-
calibrated α = 0.869 (F119).

The smooth path-integral form

f smooth
prim = αcosmo

∫ Trec

TEW

1

g∗,s

∣∣∣∣dg∗,sdT

∣∣∣∣ dT = αcosmo ln

(
g∗,s(TEW)

g∗,s(Trec)

)
= 3.31αcosmo

(8)

TABLE I. Four candidate paths from the action’s KL func-
tional f = α

∫
F ln(F/Fflat) dΠ to the discrete DOF sum

fprim = 5.664, all ruled out (F145).

Path Result Verdict

DKL(Maxw. @Tactual vs. @Tref) 1.36 factor ∼4 short

DKL(Maxw. vs. uniform-on-|p| < mpc) ∼40–60 factor ∼8 too large; galactic-specific reading∑
i D

(i)
KL (per-step transient, 4 freezeouts) 0.30 factor ∼19 short; SJ additivity is over independent components, not events∑

i D
(i)
q Rényi at q = 2 (4 freezeouts) 5.82 accidental ∼3% match; Shore–Johnson uniqueness forces q = 1, and the match degrades away from SM step sizes

between g∗,s(TEW) = 106.75 and g∗,s(Trec) = 3.91
gives ln(106.75/3.91) = 3.31 path-independently (F139).
Matching this to fprim = 5.66 requires αcosmo ≈ 1.71
— distinct from the galactic calibration α = 0.869
from F119 used in the local-bounded reading (Sec. II I).
Whether the two α values share a common origin in a
single bounds-dependent functional is a propagated open
question (F145).
Staging dependence. The discrete sum (6) is a

right-endpoint Riemann sum on a coarse partition.
WithN -step uniform-log sub-partitions of [g∗,final, g∗,init]
the right-endpoint sum decreases monotonically: 26.3
(N=1), 5.14 (N=4, uniform-log), 3.31 (N → ∞). Refin-
ing the partition does not converge to 5.664 from above;
it diverges away from 5.664 toward the integral limit 3.31.
The paper’s non-uniform 4-event partition (the SM mass
thresholds) gives 5.66 because the Standard Model has
four freezeouts at those particular g∗,s values; the integer
4 is a contingent feature of the SM mass spectrum, not
a derived structural number. A beyond-Standard-Model
extension that adds or removes mass thresholds would
shift the prediction.
Structural obstruction. The action’s f in eq. 4 is a

single-epoch DKL integral on a single distribution at a
single time. The discrete sum (6) is a path-additive
event-counting quantity that depends on the partition
into freezeout events. These are different mathematical
objects. Shore–Johnson uniqueness (additivity over in-
dependent components, not over time-separated events)
gives the single-epoch form; it does not produce path ad-
ditivity across cosmic history. The discrete formula (6) is
therefore not a Riemann-sum approximation of (8), nor
of any single-epoch DKL. Closing the chain requires ei-
ther a path-integral extension of the action (which would
re-check A05, the ratchet postulate F46, (1+f)Lm, and
the Shore–Johnson uniqueness derivation) or a demon-
stration that the discrete sum emerges from a different
limit of (1+f)Lm than the single-epoch DKL. We com-
mit to the discrete formula (6) as the working ansatz; its
theoretical justification from the action remains [open]
as the operator-level derivation flagged in Sec. X (F145).
Uncertainty on fprim. The discrete-vs-smooth-

crossover spread is f sharpprim = 5.664 vs. f smooth
prim = 5.78,

an ≈ 2% method uncertainty. Lattice-QCD uncertainty
on g∗,s(TQCD) in the crossover region [98] contributes a
further ∼ 1–2%. Combining these in quadrature gives
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fprim = 5.66 ± 0.06 at minimum (method spread) and
fprim = 5.66 ± 0.12 if lattice systematics are propa-
gated. The tension with the Planck value Ωm/Ωb − 1 =
5.40± 0.15 is 1.6–1.7σ when method+lattice uncertainty
is propagated (equivalent to 1.8σ if only the Planck er-
ror is used, ignoring model uncertainty). We continue to
quote the more conservative 1.6–1.7σ figure as the honest
tension level.

Neutrino sector contribution. Neutrino decou-
pling at T ∼ 1 MeV does not by itself change g∗,s
in the integrand of (8): the decoupled neutrinos retain
Tν = Tγ until the next event. The neutrino sector en-
ters fprim through the subsequent e+e− annihilation at
T ∼ 0.3 MeV, at which the photon-coupled effective DOF
drops sharply while the decoupled neutrinos are not re-
heated — yielding the famous Tγ/Tν = (11/4)1/3 ratio.
The e+e− entropy injection reaches the baryon distri-
bution through the photon-baryon tight coupling that
persists until recombination (z ∼ 1090); the ratchet pos-
tulate (below) then ensures the information increase is
permanently recorded in the baryon distribution and is
not undone by subsequent dynamics. The DOF sum (6)
therefore tracks the cumulative photon-coupled-plasma
DOF history, not a direct neutrino-baryon interaction.

F. The ratchet postulate

Several results in this paper rely on the assumption
that the information functional f is irreversibly accumu-
lated through cosmic history. We state this explicitly:

Postulate (Ratchet). Along any matter world-
line, the information functional f is monotonically non-
decreasing: df/dτ ≥ 0.

Physical basis. The DKL operator measures depar-
ture from maximum entropy (the flat reference Fflat).
Gravitational structure formation increases this depar-
ture (df/dτ > 0 during collapse and virialisation), while
local thermalisation in the matter sector reduces it lo-
cally but increases total entropy — the second law ap-
plied to the structured component of the matter distribu-
tion. The ratchet is the explicit statement that informa-
tion increments produced by Standard-Model freezeouts
(Sec. II E) and by structure formation are not erased by
subsequent equilibration: once a baryon distribution car-
ries f , that contribution persists.

Where the ratchet is invoked in this paper. (i) The
DOF sum (6) is path-additive across SM freezeouts only
because each increment is preserved through the next
stage. (ii) The “lighthouse” Bullet/A520 mechanism
(Sec. VC) distinguishes shock-thermalised gas (which
loses its working memory fs but retains fprim) from intact
stars (which retain both): the ratchet allows local ther-
malisation to wipe the structure-formation contribution
to fs without unwinding fprim. (iii) The ∆f

µν = 0 iden-
tity used at perfect-fluid scope (Sec. II) is the ratchet’s
metric-variation consequence: under the ratchet, the
metric-variation derivative of the Maxwell–Jüttner func-

tional vanishes identically, leaving only the dimensional
bound (3) from the dΠ-measure.
The ratchet is a postulate, not a theorem of F01: it

is consistent with the action but is not derivable from it
without further specification of the matter sector dynam-
ics under coarse-graining. A full operator-level derivation
that closes the chain action → ratchet → fprim remains
open (Sec. X).

G. The galactic-vs-cosmological coupling: a
factor-2 scale dependence

The KL coupling α in (4) is fitted at galactic scale
to αgal = 0.869 (the calibration procedure is described
in Sec. IVB: minimise the median rotation-curve RMS
over the 14-galaxy SPARC subsample). Recovering the
cosmological floor fprim = 5.664 from the smooth path-
integral form (8), however, requires αcosmo ≈ 1.71 — a
factor-∼ 2 difference between scales.
This running has not been derived from the action. It

may reflect genuine scale-dependent physics: the DKL

operator probes different aspects of the phase-space dis-
tribution at galactic versus cosmological scales (the local-
bounded reading at galactic scale uses Fflat uniform
on v < vesc; the cosmological reading would use a
horizon-bounded reference that has not been formally
constructed). Alternatively, the factor-∼ 2 may indi-
cate that the discrete sum and the continuous integral
measure different quantities — the discrete sum being a
path-additive event count over freezeout stages, the con-
tinuous integral being a single-epoch DKL, with a scale-
dependent normalisation between the two (see “Struc-
tural obstruction” above and Sec. II E).
Until the operator-level derivation of fprim from

(1+f)Lm on the SM thermal history is closed — includ-
ing a unified treatment of α at galactic and cosmological
scales — this factor-∼ 2 scale dependence is an acknowl-
edged open tension in the theory. It does not invalidate
the galactic calibration (which is internally self-consistent
for rotation-curve phenomenology) or the cosmological
prediction (which is internally self-consistent for the SM
thermal-history input), but it does mean that α is not, at
present, a single parameter universally calibrated across
all scales. Status: [open].

H. Degree-of-freedom count

ADM 3+1 decomposition of (2) gives two propagating
tensor degrees of freedom and no scalar mode (App. I;
framework adm decomposition [allowed]). The scalar
Ψ is a constraint field with first-class (πΨ, R = 0) pair
generating the gauge transformation δΨ = ε on the con-
straint surface; the theory sits in the surviving Horndeski
corner that GW170817 left intact. Status: [proven] in-
ternally; external verification against the mimetic-DOF
literature ([99–102]) flagged in Sec. X.
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I. Environment-dependent f and the perturbation
closure

Headline. The env-dep-f closure derived below
(F138) is a few-percent multiplicative correction to the
gravitational source, not a free-growing collisionless
channel. It does not structurally rescue the factor-
∼ 30 third-peak suppression of strict uniform-f that
F134 documents (Sec. VIG); a first-pass linear-scaling
estimate leaves a residual gap of ∼ 30 relative to the
Planck-observed H3/H1 in either of the two readings of
vesc(δ) considered. The CAMB Path A treatment of
(1+fprim)Ωb as collisionless CDM at the perturbation
level is therefore an empirical approximation rather than
a derived consequence of F01: F138 establishes that the
env-dep-f closure does not derive the proxy, only that it
bounds the ISST-internal correction at the ±16% level.
Two resolution paths remain: a V (Ψ) extension that
decouples Ψ-mediated structure from photon dynamics
(action-level extension beyond F01), or the honest-flag
position adopted in Sec. VIG. The remainder of this sub-
section derives the closure form, expands it to linear or-
der, gives the two readings of vesc(δ), and quotes the β(z)
values from F138.

The closure form. The information functional from
A05, under the F119 local-bounded reading (with Fflat

uniform on velocities v < vesc(x) locally accessible from
position x), evaluates for non-relativistic Maxwellian
matter to

DKL/n = 3 ln(vesc/σ)− 2.825 + v2bulk/(2σ
2), (9)

with σ2 = T/mp and the constant −2.825 = ln(4π/3) −
(3/2) ln(2πe) absorbing volume normalisations. At back-
ground (vbulk = 0), f̄ = α · [3 ln(v̄esc/σ̄) − 2.825], cali-
brated to fprim = 5.664 by A04.

Linear perturbation expansion. To first order in
δb ≡ δρb/ρ̄b, dropping O(δ2) and noting that the linear-
in-vbulk contribution vanishes at background:

δf(x, t) = β(z) δb(x, t) + O(δ2), (10)

with the coefficient β(z) determined by the linear re-
sponse of ln vesc and lnσ to δb:

β(z) = α · [3 δ ln vesc − 3 δ lnσ]/δb. (11)

Two readings of vesc(δ). The local-bounded vesc is
set by the local gravitational potential, v2esc = −2Φ. Its
perturbative response depends on what scale sets v̄esc:

• Reading B (local-collapse). For a perturbation at
scale 1/k, v̄2esc ∝ Gρ̄b(1+f̄)/k

2; the self-consistent
solve gives δ ln vesc = (1/2)[1 + β/(1+f̄)]δb. This
is the convention under which the F119 galactic
calibration α = 0.869 was performed.

• Reading A (horizon-scale, relativistic). The maxi-
mal binding scale is the cosmic horizon, v̄esc ≈ c.
For sub-horizon CMB modes (k ≫ H/c), δ ln vesc
is suppressed by (H/k)2 and is essentially zero.

Which reading applies at cosmological linear-
perturbation scales is itself an open question; the
F119 derivation directly calibrates only the galactic
regime.

The σ response. For pre-decoupling photon-coupled

baryons, Tb = Tγ ∝ ρ
1/4
γ adiabatically, δ lnσ = (1/6)δb.

For post-decoupling free baryons with adiabatic index

γb = 5/3, Tb ∝ ρ
2/3
b , δ lnσ = (1/3)δb.

Numerical β(z) at α = 0.869, f̄ = 5.664 (F138
F138 class estimate.py):

βpre−dec βpost−dec

Reading B (local-collapse): +1.08 +0.54

Reading A (horizon-scale): −0.43 −0.87

(12)

The modified gravitational source. The Poisson
source acquires

∇2δΦ = 4πG ρ̄b [(1+f̄) + β(z)] δb, (13)

giving an enhancement of +8% to +16% over CAMB
Path A’s (1+fprim) = 6.664 baseline under Reading B,
and a suppression of −6% to −13% under Reading A.
Why the closure does not rescue the third peak.

δf is a linear functional of δb (and of δσ, itself a function
of δb through the local thermodynamic state), so it inher-
its the photon-coupled oscillations of δb pre-decoupling
exactly: there is no free-growing collisionless channel that
decouples from photon-baryon dynamics during radia-
tion era. The factor-33 third-peak suppression of strict
uniform-f (F134, modified CLASS) is therefore not res-
cued within F01 by this closure alone. Status: [proven]
for the closure form (10)–(13) and the β(z) values (12);
[demonstrated] for the leading-order suppression of
∆f
µν pending explicit evaluation of Λ̄ (F138 §8); [open]

for a derivation of the CAMB Path A proxy from F01
alone, which would close the F134 falsification within the
committed action.

III. SOLAR SYSTEM AND LOCAL TESTS

A. Post-Newtonian parameters

In the Solar System, matter is concentrated, static,
and well described by the Branch-B reduction Ψ = Ψ0,
G = 1/Ψ0. By the branch theorem, the field equation is
pointwise GR. We therefore have

γPPN = 1, βPPN = 1, (14)

exactly, by two cross-checking routes that share the
Branch-B selection (App. H) but verify the PPN coef-
ficients independently: (i) directly from the Branch-B
field equation Ψ0Gµν = 8π(1+f)Tµν giving exact GR
with Geff = (1+f)/Ψ0, hence γ = β = 1; and (ii) from
the Palatini-class PPN analysis (framework palatini ppn
[allowed]). In the Palatini reading ([6, 7]), the ΨR
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sector with no kinetic term gives γ = β = 1 identically
because the metric-sector PPN parameters depend only
on the matter coupling: the field equation in Palatini
form is Gµν [ĝ] = 8πTµν/Ψ in the auxiliary metric ĝ,
and the conformal factor relating ĝ to g is determined
algebraically by the trace, leaving the standard PPN ex-
pansion of GR with a coupling rescaling. The Branch-B
route delivers the same answer by the different mecha-
nism ∇Ψ = 0 inside the source, which reduces (2) to
GR. Both routes presume Branch B inside the source,
which presumes the static-fluid theorem; they are not in-
dependent of that selection, only of each other in the PPN
evaluation. ISST’s structural non-propagation of Ψ dis-
tinguishes it from Damour–Esposito-Farese tensor-multi-
scalar PPN, which requires a propagating scalar [8].
Cassini’s |γ − 1| < 2.3 × 10−5 [78] is satisfied at lead-
ing order. Status: [proven]. Sub-leading corrections
of order f⊙s (the local stellar information content) are
unmeasured; this is identified as an [open] refinement
(Sec. X).

Extension to rotating compact sources. The
Branch-B selection extends to stationary axisymmetric
configurations. At first order in the rotation rate Ω (slow-
rotation Hartle–Thorne expansion [97]), the (rr), (θθ),
(tt), (ϕϕ) projections of the F01 field equation are even
in Ω and unchanged from the static case at O(Ω0); the
F08 algebra forces ∇Ψ = 0 and Ψ = Ψ0 throughout
the fluid. The new O(Ω) projection is the (tϕ) frame-
dragging equation, Ψ0Gtϕ = 8π(1+f⋆)Ttϕ, which deter-
mines the standard Hartle–Thorne function ω(r, θ) with
Geff = (1+f⋆)/Ψ0 and does not constrain Ψ. This covers
all astrophysical neutron stars: even the fastest known
pulsar PSR J1748−2446ad at 716 Hz has Ω/ΩK ≈ 0.43,
with O(Ω2) corrections bounded at ∼ 18%. For arbitrary
rotation rate (including Kepler-frequency configurations)
and for differentially rotating equilibrium, the branch-
selection rule (Sec. IID) selects Branch B by stationary-
equilibrium (df/dτ = 0) of the matter in its rest frame,
locally pointwise for differential rotation. Vacuum Kerr
black holes satisfy Rµν = 0 ⇒ R = 0 and admit ei-
ther branch trivially in the metric equation; the global
Ψ = Ψ0 value is set by junction continuity to the sur-
rounding matter in Branch B. Branch B therefore holds
for all astrophysically relevant compact-object configu-
rations including rotating neutron stars, white dwarfs,
and stellar-mass and supermassive black holes; the GR-
recovery and PPN γ = β = 1 results extend without
modification.

B. Fifth force and equivalence principle

There is no propagating-scalar fifth force in ISST.
The scalar Ψ does not propagate (no kinetic term in
(1); F128 ADM count gives zero scalar degrees of free-
dom). The Derivation Passport explicitly denies all
standard screening mechanisms (chameleon, symmetron,
Vainshtein, Yukawa) as inapplicable to F01: their struc-

tural predicate is a propagating scalar, which ISST does
not have. The universal (1 + f)Lm coupling implies the
weak equivalence principle at the action level. The (1+f)
factor appearing in the modified Poisson equation (16) is
a matter-side rescaling of the gravitational charge, not a
fifth-force mediator: it has no propagator, no finite range,
and does not introduce a new force-carrying particle.
ISST therefore occupies neither the Yukawa-type fifth-
force category nor the Damour–Esposito-Farese tensor-
multi-scalar category; it is in the ΨR Palatini-class cor-
ner with non-propagating Ψ. Status: [proven].

C. Lunar Laser Ranging Ġ/G

The wall expansion in the Wiltshire two-domain back-
ground drives a slow evolution of the dressed gravita-
tional coupling. The calculation: in the Solar-System
neighbourhood, the static-fluid theorem (App. H) se-
lects Branch B, so Ψ(x, t) = Ψ0 is constant throughout
the local bound region to the precision of the Branch-
B reduction; any time-dependence in Geff = (1 + f)/Ψ0

comes from boundary-condition drag of the cosmological
wall background on the local Branch-B value. With the
wall background’s Ψ̇/(HΨ)|0 = (

√
21 − 3)/2 attractor

(Sec. IVB, Eq. 25) and a geometric suppression factor
ε ∼ 10−7 from the ratio of the Solar-System scale to
the wall scale (the local boundary value Ψwall(t) leaks
into the Solar System on the time-scale set by Lwall/c,
with the suppression controlled by the ratio of the bound-
system size to the wall scale under the static-source Pois-
son kernel), the rate is∣∣∣Ġ/G∣∣∣ISST

wall
∼ p

n
Hwall ε = 5.63× 10−18 yr−1, (15)

five orders of magnitude below the Lunar Laser Rang-
ing bound 7 × 10−13 yr−1 [79, 80]. An FRW evalua-
tion, where Branch A propagates Ψ-evolution into the
Solar-System region without the Branch-B switch, gives
∼ 5 × 10−11 yr−1, two orders above LLR; the difference
is a direct measure of the Wiltshire background’s neces-
sity, not a free parameter, and a sharp discriminator for
the static-fluid theorem’s role in localising Ψ at compact-
source scales. Status: [proven].

IV. GALAXY-SCALE PHENOMENOLOGY

A. Rotation curves

In the Branch-A weak-field regime, the modified Pois-
son equation takes the form

∇2Φ =
4

3
·4πGN (1+f) ρ =

16πGN
3

(1+f) ρ (rotation-supported disks),

(16)
where the prefactor 4/3 multiplies the standard Newto-
nian 4πGN coupling and is the unique value compatible
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with the Branch-A constraint R = 0 on the rotation-
supported background. The isotropic-gauge 2/3 used in
an earlier draft was incompatible with Branch A and has
been corrected; the explicit weak-field derivation repro-
ducing 4/3 is given in Appendix B 1 alongside the lens-
ing 2/3 and scalar-transport 2/3 coefficients. On top
of (16) we apply a Newton-limit regulator S(abar) =
1/[1 + (abar/acrit)

2] that damps the ISST correction at
high acceleration:

V 2(R) = V 2
bar(R)

[
1 + (E(R)− 1)S(abar)

]
, (17)

with E = 4
3

[
1 + fprim(a0/abar)

q
]
.

B. Acceleration scales: one derived, one empirical

The two acceleration scales in the regulator have asym-
metric status.
acrit is derived in two stages, both from the com-

mitted action. A full derivation is given in Appendix B;
we summarise the load-bearing algebra here.

Stage 1 (linearised perturbations on Minkowski). The
two-potential weak-field metric ds2 = −(1+2Φ) dt2+(1−
2ΦN ) δij dx

idxj with Ψ = Ψ0 + δΨ and T = −ρ (dust),
substituted into (2) and linearised, yields three indepen-
dent Laplacian equations and the Branch-A constraint:

2Ψ0∇2ΦN −∇2δΨ = 8π(1 + f)ρ, (18)

2Ψ0∇2Φ− 4Ψ0∇2ΦN + 3∇2δΨ = −8π(1 + f)ρ, (19)

Ψ0(∇2ΦN −∇2Φ) = ∇2δΨ, (20)

R = −2∇2Φ+ 4∇2ΦN = 0. (21)

Solving (18)–(21) simultaneously gives

∇2Φ = 4
3 4πGN (1+f)ρ, ∇2ΦN = 2

3 4πGN (1+f)ρ, ∇2
(
δΨ
Ψ0

)
= − 2

3 4πGN (1+f)ρ.

(22)
For a point mass M the gradient |∇(δΨ/Ψ0)| =
(2/3)(1+f) abar/c

2, so the stability-gradient coefficient is
uniquely

Cgrad = 2
3 , (23)

gauge-invariant (Bardeen) under the choice of slicing.
The other candidate values 4/3 (rotation curves), 2 (lens-
ing sum), and 1 all fail the off-diagonal constraint (20).

Stage 2 (matter-era power-law on the wall background).
On the wall Friedmann (34) H2 = (16π/9)(1+fprim)ρ/Ψ
coupled to □Ψ = −(8π/3)(1+fprim)ρ with continuity ρ̇+
3Hρ = 0, the power-law ansatz a ∝ tn, Ψ ∝ tp, ρ ∝ t−3n

yields a forced algebraic system. Power matching gives
p = 2− 3n; substituting into the Ψ-transport amplitude
balance p(p− 1 + 3n)Ψ0 = (8π/3)(1+fprim)ρ0 and using
the Friedmann amplitude n2 = (16π/9)(1+fprim)ρ0/Ψ0

reduces the system to the quadratic

3n2 + 6n− 4 = 0, (24)

whose physical root is n = (
√
21− 3)/3 ≈ 0.528, giving

Ψ̇

HΨ

∣∣∣∣
0

=
p

n
=

√
21− 3

2
≈ 0.7913. (25)

Note on units: (25) is the dimensionless matter-era at-

tractor of Ψ̇/(HΨ), not the critical acceleration. The
full acrit formula (26) below combines this p/n with
C−1

grad = 3/2 from (23) and the (1 + fprim)
−1 ≈ 0.150

matter-coupling divisor; the algebraic prefactor on cH0

is therefore (3/2) × (
√
21 − 3)/2/(1 + fprim) = 3(

√
21 −

3)/[4(1+fprim)] ≈ 0.178, evaluating to 1.07×10−10 m/s2

at H0 = 61.79 km/s/Mpc. This is the unique attractor of
the coupled system; the alternative forms B (cross-term

retained) and B′ (BD ω = 0) yield
√
3 and 1 respectively,

both ruled out empirically against the SPARC critical
scale (Appendix B).
Combining stages. The stability-gradient crossover

equates the local Branch-A galactic gradient
Cgrad(1+fprim) abar/c

2 to the cosmological floor
H2

0Leff/c
2 with Leff ≡ (p/n) c/H0, giving

aISSTcrit =
1

Cgrad

p

n

cH0

1 + fprim
=

3(
√
21− 3)

4

cH0

1 + fprim
≈ 1.069× 10−10 m/s2

(26)
at H0 = 61.79 km/s/Mpc and fprim = 5.66, sitting
10.9% below the MOND value a0 = 1.20 × 10−10 m/s2.
The result is parameter-free at fixed H0 and fprim; ev-
ery factor on the RHS of (26) is ISST-committed (Cgrad

from (23); p/n from (25); fprim from Sec. II E; H0

from Sec. VIC). Sensitivity to H0 choice: at Planck
H0 = 67.4 km/s/Mpc the prediction is 1.166×10−10 m/s2

(−2.8% from MOND); at SH0ES H0 = 73.0, 1.263 ×
10−10 m/s2 (+5.3%). The “10.9% below MOND” fig-
ure is therefore specific to the ISST-committed dressed
value H0 = 61.79; a falsification claim against an a0
measurement requires committing to the same H0. Sta-
tus: [proven] at the committed (H0, fprim); [demon-
strated] as a single-number prediction independent of
the H0 choice.
a0 (regulator internal scale) is empirical. The

scale a0 = 0.01×10−10 m/s2 in the regulator is fitted on a
14-galaxy SPARC subsample; the regulator exponent q ≈
0.45 is also empirical at present. Their derivation from
second-order Branch-A perturbation theory is identified
as [open].

C. Full SPARC sample

Evaluated on every galaxy in the SPARC database (175
galaxies, no per-galaxy retuning, no quality cuts):

⟨RMS⟩N=175
ISST = 13.8 km/s,

⟨RMS⟩N=175
MOND = 12.7 km/s,

with ISST winning per-galaxy on 86/175 (49%). The
MOND comparison uses the simple interpolating func-
tion µ(x) = x/(1+x) [56] with a0 = 1.2×10−10 m/s

2
; the

Manuscript r2-43faf52 · 2026-04-26 9



standard interpolating function µ(x) = x/
√
1 + x2 shifts

the MOND median by ≲ 1 km/s and does not affect the
qualitative comparison. On the high-quality Q=1 sub-
sample of 99 galaxies (Lelli et al.’s top flag [50]), ISST
wins the median (12.1 vs. 13.3 km/s, 52/99 per-galaxy
wins).

Held-out cross-validation (F147). The 14-galaxy
subsample on which (areg0 , q) were originally tuned is con-
tained within the 175-galaxy comparison set; the headline
median is therefore partially in-sample. With the regu-
lator frozen at its 14-galaxy tuning values, the held-out
161-galaxy subset gives ISST median RMS 13.86 km/s
vs. MOND 13.00 km/s, ISST winning 76/161 (47.2%).
On the held-out Q=1 subsample (N = 87) the re-
sult is ISST 12.12 vs. MOND 13.34 km/s, ISST win-
ning 44/87 (50.6%) — essentially indistinguishable from
the in-sample-included Q=1 numbers (12.1 vs. 13.3 on
52/99). The central comparison axis (the high-quality
Q=1 subsample) is therefore robust to the in-sample
contamination; the full-sample headline qualifies mod-
estly (the in-sample-included gap of 1.10 km/s tightens
to 0.86 km/s on held-out, with MOND retaining a small
lead). The morphological-class medians reported be-
low should be read as the in-sample-included full-sample
numbers. The baryonic Tully–Fisher slope is 1.15, con-
sistent with the literature value 1.0 ± 0.1 [51, 59]. Sta-
tus: [demonstrated]. ISST does not derive MOND:
the internal a0 is 120× smaller than Milgrom’s, and the
formula does not assume the deep-MOND scaling. The
match on the full sample is a competitive fit, not a deriva-
tion, and is identified as such.

The morphological breakdown is informative and
points to the next step. ISST matches MOND on dwarfs
and irregulars (median 10.1 vs. 9.6 km/s, N=81), wins on
late-type spirals (Sc–Sd, 10.1 vs. 11.5 km/s, N=48), and
loses on early-type spirals (Sa–Sbc, 24.9 vs. 21.4 km/s,
N=43). The Sa–Sbc loss-channel is star-dominated,
which is exactly the regime where the local-bounded Fflat

reading predicts f⋆ ≈ 0 and the (1+f) enhancement does
not act on the dominant component. The early-type loss
is the operator-level prediction’s signature, not its refu-
tation.

D. Radial Acceleration Relation

The RAR [52, 53] emerges from the same regulator
structure. The cross-over acceleration is the derived
acrit; the deep-MOND-like asymptote follows from the
(a0/abar)

q branch with empirical a0 and q. The MDAR
shape and BTFR slope are reproduced; the 11% offset
of the cross-over scale from MOND’s a0 is a sharp ISST
prediction that tightens with future a0 precision measure-
ments. Status: [demonstrated] (derived acrit; empiri-
cal a0, q).

E. Dispersion-supported gas-poor dwarfs and tidal
dwarf galaxies

The local-bounded Fflat reading (Sec. II C) makes a
sharp prediction for galactic systems where matter is viri-
alised in its own self-potential without a deeper external
halo: f → 0 for the dominant component, and ISST re-
covers Newtonian dynamics through Branch B selection
(F08).
NGC 1052-DF2 [90, 91]. With M⋆ ≈ 2 × 108M⊙,

reff ≈ 2.2 kpc, and Mgas/M⋆ ≪ 0.01, the system has
vesc ≈ 12.5 km/s, vEM

max = 2.56σ⋆ ≈ 21.8 km/s. The OP2
condition vEM

max ≥ vesc is satisfied: stellar matter fills its
accessible phase space, f⋆ ≈ 0. Static spherical equilib-
rium forces Branch B (F08), Geff = (1 + f⋆)/Ψ0 = GN .

ISST predicts σISST
DF2 =

√
GM⋆/(5 reff) ≈ 8.9 km/s,

consistent with the observation 8.5 ± 2.3 km/s within
1σ. The local-bounded Fflat reading was introduced into
the paper foundations prior to a quantitative DF2 au-
dit, but the reading itself is motivated by the A05 Aczél–
Shore–Johnson axioms and the entropy-matching cutoff
at vEM

max = 2.56σeff identified independently by F119, not
constructed post-hoc to handle DF2. DF2 is therefore
a successful application of an independently-motivated
reading, sharing the same operator-level mechanism (zero
f for matter that fills its accessible phase space) that
explains the Sa–Sbc loss-channel in the SPARC sample
(Sec. IV). The σ prediction has no quoted model un-
certainty, so “consistent with 1σ” is the honest framing
rather than “predicted to 0.2σ”.
Tidal dwarf galaxies (Lelli et al. 2015 [92],

NGC 5291 system). For TDG gas at σgas ≈ 8 km/s
in vesc ≈ 50 km/s self-potential, the local-bounded read-
ing gives fTDG

gas = α[3 ln(vesc/σgas) − 2.825] ≈ 2.3 (with
α = 0.869 from F119), predicting a moderate (1 + f) ≈
3.3 enhancement. Lelli et al.’s reported Mdyn/Mbar ≈ 1
is in mild tension with this prediction. The tension is
sensitive to the assumed gas σ (turbulent + thermal): at
σgas ≈ 15 km/s the prediction recovers Newton (f → 0
via OP2). Improved σgas measurements would discrimi-
nate.
Discriminator vs. MOND. MOND with the exter-

nal field effect predicts Newtonian dynamics for dwarfs in
a host’s deep external field (DF2 in NGC 1052) but full
MOND for isolated dwarfs (TDGs in low-density environ-
ments). ISST predicts Newton for DF2 (same answer as
MOND-with-EFE) but moderate enhancement for TDGs
in low-density environments (different answer). Isolated
low-density dispersion-supported dwarfs are therefore the
cleanest ISST-vs.-MOND-with-EFE discriminator, iden-
tified as a future-work observational target.
Kill condition. Three or more dynamically-

confirmed dark-matter-free galaxies in static equilibrium,
with σ measured precisely enough to set σbar/vesc > 0.4
(satisfying the OP2 condition), showing Mdyn/Mbar >
1.5, would falsify the local-bounded reading at A05.OP2.
DF2 alone is consistent with the prediction; future sys-
tems (e.g. DF4, AGC 114905 [93]) sample the same
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regime.

V. CLUSTER-SCALE PHENOMENOLOGY

A. The cluster mass identity (A04)

The ISST identity at the action level is

Ωm = (1 + fprim) Ωb. (27)

This is a structural prediction: the same (1+f) factor
that enhances galactic rotation accounts for the clus-
ter mass discrepancy. With the SM-derived fprim =
5.66± 0.06 (Sec. II E) and Planck Ωb = 0.0493, the pre-
diction is Ωm = 0.329, against the observation Ωm =
0.3153± 0.0073 [29]: a 4.2% overshoot, 1.6–1.8σ depend-
ing on whether the model uncertainty is propagated. The
structural identity is [proven]; the numerical realisation
is [demonstrated] at 1.6–1.8σ tension, with the resid-
ual stated openly as a limit of the sharp-transition ap-
proximation. The conventional practice of inverting (27)
to extract fprim = 5.40 would absorb the residual—we do
not.

B. Modified lensing and the lighthouse mechanism

In ISST, gravitational lensing measures the Ψ field
where the photons travel, not the local mass at the
source. The convergence kernel under F72 is

κISST =
1 + f

Ψ0
κGR, (28)

and the photon-trajectory parameter is η = Φ/ΦN = 2
exactly. The framework verdict is modi-
fied lensing scalar tensor [allowed], with the GR
Poisson source explicitly [denied] and replaced by
(1+f)ρ. Status: [proven] for the kernel form; the
[allowed] verdict descends from the slip predicate
stamped by F84.

The information content of matter splits into a pri-
mordial floor fprim frozen at QCD-era temperatures (∼
1012 K) and a post-formation working memory fs accu-
mulated during structure formation. A merger shock
at ∼ 108 K thermalises fs—the gas’s working memory,
accumulated by violent relaxation during structure for-
mation [49]—but cannot touch the QCD-frozen fprim.
The gas’s effective gravitational coupling drops from
(1+fprim+fs)ρ to (1+fprim)ρ. Stars, which pass through
the collision essentially without interaction, retain their
full working memory. Lensing follows the stronger source.

C. Bullet Cluster

The status of the Bullet Cluster in ISST is
mechanism-demonstrated, local-columns-close-
bulk-of-gap (F131). It is not solved or proven. The

lighthouse mechanism predicts a per-mass contrast
(1 + f⋆s )/(1 + fgas,shocks ) ≈ 4.55/1.21 = 3.76 between the
surviving star-dominated lensing and the shock-erased
gas. The values f⋆s ≈ 3.55 and fgas,shocks ≈ 0.21 used
in this contrast are fitted to the local-column conver-
gence ratio inferred from Paraficz et al. (2016)[63];
their derivation from first principles — specifically,
the violent-relaxation working memory accumulated by
stars during structure formation versus the residual
primordial-only floor of shock-thermalised gas — is iden-
tified as [open]. Counted honestly, they are empirical
parameters of the lighthouse application, not derived
consequences of the action. The Paraficz local-column
densities themselves are inferred under a mass model
that includes a dark-matter component; treating them
as the total baryon column requires re-interpreting their
model decomposition, an additional assumption that the
quantitative contrast is sensitive to. With these caveats:
at local columns, the per-mass contrast required for
κgal/κgas ≥ 2 is 1.6; the operator delivers 3.76, closing
with margin throughout the Paraficz 1σ envelope under
the empirical fs values.

The full per-pixel κ ratio at FWHM-matched smooth-
ing requires the local Σbaryon contrast at the two peaks.
Three recent works push directly on this observable.
Cha et al. (2025) [64] present the highest-resolution Bul-
let mass reconstruction to date from JWST, combin-
ing 146 strong-lensing constraints from 37 systems with
398 sources/arcmin2 of weak lensing; the resulting κ map
resolves at least three subclumps aligned with the bright-
est cluster galaxies, and—critically for the lighthouse
mechanism—the intracluster-light distribution is found
to track the JWST mass map to a modified Hausdorff
distance of 19.80 ± 12.46 kpc. The ICL traces stars by
construction, so this ∼ 20 kpc scale agreement is direct
evidence that the κ peak tracks stellar mass at the resolu-
tion of the JWST data, supporting the lighthouse mech-
anism’s central prediction. Rihtaršič et al. (2026) [65]
provide an updated GR lensing κ map of the Bullet
using the latest galaxy-member catalogue (219 spectro-
scopic members with new JWST photometry). Hernan-
dez (2026) [66] computes the QUMOND prediction for
the same baryonic distribution—the 219 stellar galax-
ies modelled as PIEMD profiles plus a β-model X-ray
gas—and compares pixel-by-pixel against the Rihtaršič
GR κ map. The QUMOND map matches GR to a resid-
ual |∆κ| ≲ 0.15 throughout (in the standard units of
1.83× 109M⊙/kpc

2), comparable to or smaller than the
residuals between independent GR lensing analyses. The
galaxies, 7% of the total baryonic mass, contribute 48% of
the QUMOND phantom mass, because point-like sources
concentrate the QUMOND signal where extended gas
does not.

ISST’s lighthouse operator predicts the same morphol-
ogy (κ peaks at star-dominated stellar mass, not at the
gas centroid) through a distinct mechanism: per-pixel fs-
thermalisation contrast at the action level (intact stars
retain f⋆s ≈ 4.55 − 1, shocked gas has fgas,shocks ≈ 0.21).
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The qualitative agreement between Cha’s ∼ 20 kpc
ICL/κ alignment and the lighthouse prediction is direct
([demonstrated]); extracting κgal/κgas at the two main
peaks from the Rihtaršič κmap and comparing to the op-
erator (1+ f⋆s )/(1+ fgas,shocks ) ≈ 3.76 is identified as the
next quantitative step ([open]). The standard ΛCDM
reading of the same data invokes a collisionless dark-
matter component with a self-interaction cross-section
bound below σ/m ≲ 1 cm2/g [61, 62]; ISST does not
introduce such a particle.

The Bullet does not discriminate ISST from
MOND. Hernandez [66] demonstrates that QUMOND
reproduces the Bullet κ map without dark matter
through compactness (point-like galaxies → peaked
phantom signal; diffuse gas → diffuse phantom sig-
nal). ISST reproduces it through processing history (fs
stripped from shocked gas; fs retained in stars). Both
predictions agree at the Bullet because the gas is shocked
and diffuse, while stars are intact and compact—the two
mechanisms are observationally degenerate at this sys-
tem. The discriminator between ISST and MOND is
therefore not the Bullet itself but systems where the two
mechanisms predict differently: acrit vs. a0 (Sec. IVB,
11% offset predicted), native cosmology (Sec. VI, MOND
has none), θ∗ (Sec. VIG, −0.83% ISST, MOND silent),
and ram-pressure-stripped jellyfish galaxies where gas
and stars share the same Newtonian acceleration but
have different processing histories: MOND predicts equal
enhancement of both components in the low-acceleration
regime; ISST predicts suppressed enhancement of the
stripped gas tail (fs → 0 from ram-pressure shock heat-
ing), unsuppressed enhancement of the intact stellar disk.
This system-class is identified in Sec. X as the live falsifier
between the two theories.

Earlier ISST attempts that imported a halo ontology
(F65–F71) violated F01’s pointwise source structure and
have been retracted (Sec. VIIID).

D. Abell 520 (pile-up geometry)

The lighthouse mechanism makes a second, indepen-
dent prediction in multi-body pile-up mergers (F132).
Dynamical friction [73, 74] concentrates massive bulges
(high f⋆s , surviving the merger crossing ∼ 0.5Gyr [72])
at the merger centre, where shocked gas also accumu-
lates centrally. Convergence tracks the surviving bulge
population, which spatially overlaps the gas, with

(i) stellar-population prediction: passive, red, old pop-
ulations dominating the merger core, with rapid
quenching and no starburst;

(ii) mass-to-light prediction: M/LR ∈ [38, 80] in solar
units at the core.

Prediction (i) is independently confirmed by De-
shev et al. (2017) [71] on 400+ galaxies. Prediction (ii)
is consistent with Clowe et al. (2012) [69]; the alternative

Jee et al. (2014) reading of the same HST/ACS data [70]
would put F01 in tension. The Clowe–Jee disagreement
is unresolved in the literature; ISST predicts the Clowe
reading. Status: [indicated] (consistent-or-indicated).

E. Differential void-lensing prediction

The same kernel makes a sharp differential prediction
at the void scale: the wall-versus-void (1 + f)/Ψ0 ratio
implies a +2.5% enhancement of the dressed coupling in
voids relative to local laboratory measurements,

Gvoid/Glocal = 1.025 (F72, +2.5%). (29)

This is a discriminator versus chameleon and metric f(R)
scenarios, both of which screen toward GR in low-density
environments. Status: [indicated]. Euclid void-lensing
tomography is the live test (Sec. VIII).

F. Missing mass: no particle

If (27) accounts for the full cluster mass discrepancy
through baryons amplified by (1+fprim), no dark-matter
particle is needed. ISST predicts that direct WIMP, ax-
ion, and sterile-neutrino detection at CDM density con-
tinue to return null. This is a hard-falsifier prediction
(Sec. VIII), not a post-hoc consistency check.

VI. COSMOLOGY

A. Inhomogeneous background: Wiltshire as
minimal realisation

Branch A combined with dust matter is observation-
ally incompatible with a spatially flat homogeneous FRW
background, and the minimum geometric structure that
recovers the observed matter-era expansion is a domain
split into Milne-like voids and walls with a spatial Ψ pro-
file. The full algebra is in Appendix C; we summarise
here.
Claim 1 (geometric). On a spatially flat homoge-

neous FRWmetric ds2 = −dt2+a(t)2δijdxidxj , the Ricci
scalar is R = 6(ä/a+H2) = 6(Ḣ +2H2). The pointwise
Branch-A constraint R = 0 therefore reduces to

Ḣ + 2H2 = 0 =⇒ H(t) =
1

2t
, a(t) ∝ t1/2. (30)

This is a purely geometric consequence of R = 0: no
matter input was used. The expansion law is forced.
Claim 2 (observational). The (tt) component of

(2) on flat FRW with Ψ = Ψ(t) and perfect-fluid dust
T tt = −ρ reads

3ΨH2 + 3HΨ̇ = 8π(1 + f)ρ. (31)
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Substituting H = 1/(2t) from Claim 1 and dust scaling
ρ = ρ0(t0/t)

3/2 (from ρa3 = const and a ∝ t1/2), this
becomes the first-order linear ODE

Ψ̇(t) +
Ψ(t)

2t
=

16π

3
(1+f)ρ0 t

3/2
0 t−1/2, (32)

whose general solution (with integrating factor t1/2) is

Ψ(t) = A t1/2 +K t−1/2, A =
16π

3
(1+f)ρ0 t

3/2
0 ,

(33)
with K a free integration constant. The system is al-

gebraically consistent : Ψ(t0) = At
1/2
0 +Kt

−1/2
0 is finite,

Geff = (1+f)/Ψ(t0) is finite, and the trace transport
□Ψ = −(8π/3)(1+f)ρ is satisfied identically by both
modes (the Kt−1/2 mode is the homogeneous solution;
the At1/2 mode is the particular solution sourced by
dust).

The incompatibility is observational, not algebraic.
Claim 1 forces a(t) ∝ t1/2, which is the radiation-
era expansion law. The matter-era expansion observed
at intermediate redshift through SN-Ia luminosity dis-
tances, BAO scales, and CMB acoustic-peak positions
follows a(t) ∝ t2/3 at the relevant epochs in any matter-
dominated dust cosmology. Branch A on flat FRW there-
fore predicts the wrong expansion law during the matter
era, regardless of the integration constant K. The mis-
match is at the level of O(1) in the deceleration param-
eter (q = 1 for a ∝ t1/2 vs. q = 1/2 for a ∝ t2/3), not a
subleading correction.

The same algebra shows traceless matter (T = −ρ +
3P = 0, i.e. P = ρ/3, radiation) is consistent with
Branch-A on flat FRW because the transport equation
□Ψ = (8π/3)(1 + f)T then admits Ψ = Ψ0 = const, and
(31) reduces to a single algebraic identity — consistent
with the radiation-era a ∝ t1/2 scaling. Branch-A flat
FRW is the correct radiation-era cosmology; it is incon-
sistent with matter-era observations.

Consequence. Reconciling Branch A (geometric,
R = 0 forces a ∝ t1/2) with matter-era observations
(a ∝ t2/3 at intermediate z) requires a background that
is not flat FRW. The minimum geometric structure sat-
isfying the constraint is a two-domain split :

• Voids, with ρ → 0 and T → 0, admit Milne ex-
pansion (aV ∝ t, HV = 1/t, R = 0 trivially in the
traceless limit);

• Walls, with dust matter, admit R = 0 pointwise via
a non-FRWmetric: the planar ansatz ds2 = −dt2+
a(t)2(dx2+dy2)+b(t, z)2 dz2 with Ψ = Ψ0(t)+ψ(z)
satisfies R = 0 pointwise iff a(t) ∝ t2/3 and ∂2zψ =
−(8π/3)(1 + f)ρ, with the (z-derivative) terms in
b(t, z) cancelling identically between Rtt and Rzz
at the bound-wall fixed point (Appendix C §C3).

Spatial averaging the wall solution recovers (34) with the
16π/9 coefficient verified independently (see Sec. VIB).

Wiltshire selection. The two-domain split is the
minimal geometric realisation that reconciles Claim 1

(geometric: R = 0 ⇒ a ∝ t1/2 on flat FRW) with
the observed matter-era expansion (Claim 2: a ∝ t2/3

at intermediate z). It is not the unique such reali-
sation; strict exclusion of LTB/Szekeres alternatives is
identified below. The selection of Wiltshire’s specific
two-domain timescape geometry over alternative inhomo-
geneous constructions (Lemâıtre–Tolman–Bondi, Szek-
eres) rests on three criteria, given in decreasing strength:
(i) minimal domain count—two domains (voids + walls)
is the smallest count for which the void/wall split sat-
isfies R = 0 separately in each domain without contin-
uous tuning of a bang-time function; (ii) explicit point-
wise R = 0 realisation—the planar wall metric above is
constructed; for LTB or Szekeres, R = 0 pointwise on
dust requires solving a coupled system E(r), tB(r) with
no closed-form solution we have verified; (iii) empirical
match to the apparent-acceleration phenomenology pa-
rameterised by fv0 ≈ 0.762 from SN-Ia [23, 25]. Strict
exclusion of LTB/Szekeres alternatives is identified as
a residual classification problem ([open]); the construc-
tive realisation of some inhomogeneous background rec-
onciling Branch A + dust + matter-era observations is
[proven] here. Frameworks buchert averaging and wilt-
shire two domain are [allowed] on the passport; LTB
and Szekeres remain unstamped.

B. Wall Friedmann equation

The wall Friedmann equation derived from (2) is

H2
w =

16π

9

(1 + f)ρb
Ψ

, (34)

which under (1 + f)ρb ≡ ρm reproduces the Einstein–
de Sitter tracker for matter-era walls up to an overall
rescaling of cosmic time. The Milne void is automati-
cally Branch-A-compatible. With spatial f(x), f is re-
placed by its mass-weighted wall average; the uniform-f
case is the zero-correlation special case. The 16π/9 co-
efficient is derived pointwise from the planar wall ansatz
via the Branch-A field equations (Appendix D, F141),
with explicit verification that energy-momentum conser-
vation holds at every step of the anisotropic-to-isotropic
transition. The 2/3 factor relative to standard Buchert
dust is identified as the fraction of the gravitational
source absorbed into the spatial Ψ profile by the trace
transport (F01 transport equation): the spatial Poisson
∂2zψ = −(8π/3)(1+f)ρ absorbs 1/3 of the source, leaving
(16π/3)(1+f)ρ on the (tt) RHS, divided by the 3Ψ pref-
actor of Gtt to give 16π/9. Coordinate-independence is
verified in synchronous, conformal, and harmonic gauges
by general covariance of the field equation. Status:
[proven].
Note on coefficients across geometries. The wall Fried-

mann 16π/9 is not obtained by scaling the standard
8πG/3 by the rotation-curve enhancement 4/3 (which
would give 32π/9). It is derived structurally from the
(tt) projection of (2) on the wall slab, where the static
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spatial Ψ profile absorbs (8π/3)(1+f)ρ via the Branch-A
transport, so that the cosmological source reduces from
8π(1+f)ρ to (16π/3)(1+f)ρ on the RHS, then divides
by 3Ψ for H2. The three structural coefficients in this
paper—4/3 (rotation, ∇2Φ, Eq. 16), 2/3 (lensing, ∇2ΦN ,
Appendix B 1), and 16π/9 (cosmological wall, Eq. 34)—
arise from three distinct field-equation projections in
three distinct geometries (axisymmetric disk, weak-field
point mass, planar wall slab) and are independently con-
sistent with the same F01 EOM.

C. H0 and the apparent acceleration

The two-domain background admits three distinct
Hubble rates whose relations are explicit, not phe-
nomenological. The full pipeline is in Appendix E; we
summarise the algebra here.

The three frames. (i) The bare frame is the Buchert
volume average, with scale factor ā(t) and Hubble rate
H̄ = ˙̄a/ā defined on the bare time coordinate t. (ii) The
wall frame is the proper rest frame of a galaxy observer
in a wall, with proper time τ related by dt = γw(τ) dτ .
(iii) The dressed frame is what a wall observer infers when
fitting their distance-redshift data with a homogeneous
FLRW template; it is what Planck and SH0ES report.

Wiltshire dressing relations. On the matter-
dominated two-domain tracker [22, 23]:

Hdressed
0 = R(fv0)H

bare
0 , R(fv) =

4f2v + fv + 4

2(2 + fv)
,

(35)
which evaluates at fv0 = 0.762 to R = 1.2825. The
present-epoch lapse γ0 = 1.348 controls density dressing
Ωdressed
m = γ30 Ω

bare
m , distinct from the Hubble dressing R.

ISST-native bare H0. A model-independent in-
put from Planck (the comoving angular-diameter dis-
tance Dcom

A (z∗) = 14130.8 Mpc derived from rs and θ∗,
no ΛCDM assumption) feeds the ISST Branch-A two-
domain tracker. With ISST’s parameter commitments
(fprim = 5.664, fv0 = 0.762, Ωbh

2 = 0.02237) integrated
through the Buchert background (F26, F26a), the tracker
outputs

HISST,bare
0 = 57.56 km s−1 Mpc−1. (36)

Applying (35) gives the corresponding dressed

Hdressed,uniform−f
0 = 1.2825×57.56 = 73.82 km s−1 Mpc−1,

(37)
the uniform-f tracker prediction. The committed paper
value

HISST,dressed
0 = 61.79 km s−1 Mpc−1 (38)

arises from the Kenv-corrected closure (Sec. VID)
which incorporates an environmental rescaling that the
uniform-f run lacks; the 73.82 uniform-f result is re-
ported here transparently as the diagnostic input to that
closure, not as the prediction.

The Planck and SH0ES recoveries. A wall ob-
server fitting ISST’s two-domain dL(z) with a ΛCDM
template recovers different H0 values depending on which
template parameters are anchored; the F85 forward
pipeline computes both:

HPlanck−template
0 = 62.8, HSH0ES−ladder

0 = 70.6 km s−1 Mpc−1

(39)
where the Planck-template recovery uses the CMB-
anchored (Ωm,Ωbh

2) and the SH0ES-ladder recovery
uses ladder-anchored MB on z ∈ [0.023, 0.15]. Observed
values are 67.4 and 73.0 respectively. The ISST-internal
spread 70.6−62.8 = 7.8 km/s/Mpc reproduces the struc-
ture of the Hubble tension; the residual 2.5%–5% offset
of each pipeline output from the corresponding observed
value reflects the gap between the effective-FRW Wilt-
shire proxy and a full two-domain photon-path integra-
tion with Kenv inheritance and is reported honestly as
such (see Sec. VID and Appendix E). Status: [demon-
strated] (structure of the tension reproduced; literal
recovery of 73.0 and 67.4 [open]).

D. Coincidence and void fraction tracker

A three-parameter χw(z) sigmoid closes the CMB
and SN anchors [25, 26]. The amplitude Athermo =
fprim/Nstages = 1.416 from the arithmetic mean of
four SM freezeout-stage increments matches the phe-
nomenological best-fit to 1.1%. The pivot ztr =
1.555 from the Sheth–van de Weygaert two-barrier
(void-in-cloud) abundance [28] with σ8,eff = 4.92
matches to 3.7%. The environmental rescaling Kenv =
1.484 is recovered as the squared ratio of two in-
dependent Hubble outputs. The full closure gives
(A, ztr, n,H0) = (−0.688, 1.555, 4.83, 61.79) against phe-
nomenological (−0.65, 1.50, 2.00, 61.80). The shape index
n is a sharper-than-phenomenological prediction and is
the one residual. Status: [demonstrated] (amplitude,
pivot, H0); [open] (n).

E. Growth of perturbations: fσ8

The wall-growth equation derived from (2) on theWilt-
shire two-domain background, with (1 + f) source en-
hancement, Ψ friction, and AP retemplating, gives

fσ8(z = 0.57)ISST = 0.430± 0.028, (40)

versus ΛCDM 0.472 (F89, framework wilt-
shire two domain [allowed] and ISST-native wall
growth). On 8 RSD surveys [40–45] the joint χ2 = 8.6–
9.5 (p ≈ 0.30–0.45). The shape distinguishability
from ΛCDM is forecast at 13σ at z = 1.1 with full
DESI DR2 [33, 34] + Euclid Y1 [38, 39] binning.
DESI DR2 BAO+RSD results are now published [34]; a
quantitative ISST-vs-ΛCDM comparison on the released
DR2 fσ8(z) points (specifically the high-z bins at z ≳ 0.7
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where the ISST shape diverges most from ΛCDM) is
identified as the immediate next step, with the kill
condition specified in Sec. VIII. Status: [proven] on the
eight current RSD surveys at the joint-χ2 level; [open]
for the DR2-released fσ8(z) comparison. The earlier
templating “crisis” on the Wiltshire background was an
artefact resolved by the AP retemplating used here.

F. Integrated Sachs–Wolfe: structural null

The integrated Sachs–Wolfe contribution from individ-
ual line-of-sight voids on Branch A gives a per-photon
RMS of order

√
N⟨A⟩ with N ≈ 140 voids, but the en-

semble mean is identically zero (F106/F107/F108): the

line integral of Ψ̇ along a void is structurally cancelling
under the F01 transport equation across the photon flight
time τflight/τcycle ≤ 1.7%. ISST therefore does not pre-
dict a coherent ISW signal at the linear level beyond
the LCDM baseline. Status: [proven] (ISST-NATIVE;
the latent v2 isst void isw pattern, identified for explicit
framework registration).

G. The CMB acoustic angle: first-pass Boltzmann
result

The theory’s reach across scales narrows here.
The preceding subsections established cosmological suc-
cesses (wall-Friedmann derivation, H0 frame artefact,
fσ8 agreement, structural ISW null) on the Wiltshire-
effective background. The CMB perturbation level is
where the single-action programme runs into its first hard
limitation: the strict uniform-f source is falsified at the
third peak by > 10σ, and the env-dep-f closure pro-
vides only percent-level corrections (Sec. II I). The first-
pass acoustic-angle result reported here uses an empirical
proxy at the perturbation level; the proxy’s justification,
its systematic uncertainty, and the open question it leaves
are stated explicitly. This is the most honestly open re-
sult in the paper.

A first-pass run of the CAMB Boltzmann hierarchy [27]
on the Wiltshire-effective background [22, 23, 25] gives,
at the ISST-committed parameters, a sub-percent resid-
ual on the CMB acoustic angle. The Wiltshire dressing of
the late-time expansion is captured by an effective dark-
energy parameterisation (w0, wa) = (−0.674,−1.241) ex-
tracted from low-z supernova matching; the matter den-
sity is set by the A04 identity (1 + fprim)Ωbh

2 = Ωmh
2

at the SM-prediction fprim = 5.664 (giving Ωmh
2 =

0.149, the same 4.2% overshoot vs. Planck reported
in Sec. II E); the Hubble constant is the dressed value
H0 = 61.79 km/s/Mpc.
Boltzmann configuration (reproducible inputs). The

CAMB run uses the Path A treatment: (1 + fprim)Ωb
is modelled as the total matter component at the pertur-
bation level, with the information-enhanced extra contri-
bution carried by an effectively collisionless CDM com-

ponent (the empirical proxy whose derivation from F01
alone is the open problem of Sec. II I). Specifically:
Ωbh

2 = 0.02237 (Planck); Ωch
2 = Ωmh

2 − Ωbh
2 =

0.149− 0.02237 = 0.127 enters as the CDM proxy carry-
ing fprimΩb; H0 = 61.79 km/s/Mpc; w0 = −0.674, wa =
−1.241; remaining cosmological parameters (ns, As, τ) at
Planck values. The modified CLASS source patch imple-
menting the strict uniform-f test (below) and the exact
CAMB params.ini configuration files will be archived
as supplementary material on acceptance. Four configu-
rations were run:

Config 100 θ∗ description

C0 1.04118 ΛCDM Planck baseline

C1 1.03107 drop-Λ, ISST H0

C2 1.07125 Wilt DE, uniform-f H0 = 75.28

C3 1.03258 ISST committed (Wilt DE + dressed H0)

The headline result is

θISST∗ (C3)/θPlanck
∗ = 0.99174 (−0.83%), (41)

a 14× reduction from the earlier −12% analytical esti-
mate (superseded as a recipe artefact; see Sec. VIIID).
F95 retraction. The F95 mixed-α(z) recipe is with-

drawn as the committed value. F95 Scenario B (wall
α = 2/3 pre-recombination, returning −0.77%), which
F95 itself dismissed as “not derivationally justified,” is
independently confirmed by the Boltzmann hierarchy at
−0.83%. Two sympy audits underpin the result. Step 5:
the photon–baryon sound speed c2s = c2/[3(1 + R)]
with R = 3ρb/(4ργ) is unchanged by the (1 + f) cou-
pling, which enters only the Poisson source, not the fluid
EOM, since T eff

µν = (1 + f)Tµν under uniform f implies
∇µTµν = 0 identically. Step 6: Ψ is frozen on perturbed
radiation at all orders in linear perturbation theory, be-
cause T = −ρ+3P vanishes exactly for P = ρ/3 at back-
ground, linear, and nonlinear order; the recombination
redshift z∗ ≈ 1090 is therefore inherited from RECFAST
unmodified.
Independent code cross-check. CLASS v3.x via

classy [88], built locally with WinLibs MinGW gcc 15.2
(toolchain notes in F134), returns 100θs = 1.03188 on the
same C3 configuration—agreeing with CAMB’s 1.03258
to 0.07%. Two independent Boltzmann codes confirm
the result; the first-pass −0.83% to −0.92% residual is
robust at the level of code precision relative to the proxy
configuration, but not relative to the committed Wilt-
shire H(z) (see Proxy systematic below).
Proxy systematic. The (w0, wa) parameterisa-

tion of the late-time expansion is calibrated against
the committed Wiltshire two-domain H(z) at low red-
shift (where SN-Ia residuals fix the dressing) but di-
verges from the Wiltshire expansion by +76% at
z = z∗ ≈ 1090 (F140). A back-of-envelope prop-
agation of this divergence through θ∗ = rs/DA =∫ z∗
0
cs dz/H(z) /

∫ z∗
0
c dz/H(z) indicates that rs is sensi-

tive to H near z∗ (because cs peaks just before recom-
bination), while DA is dominated by late-time integra-
tion. The two integrals partially cancel under a common
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H-rescaling but not exactly: a +76% enhancement of
H near z∗ shifts the ratio at the ∼ 5–10% level. The
sub-percent headline −0.83% residual therefore sits in-
side the proxy systematic, not above it. The committed
ISST prediction for θ∗ at the precision of the Planck mea-
surement requires a Boltzmann code with the two-domain
background substituted directly for H(z); this computa-
tion is identified as the next critical step (Sec. X). Un-
til completed, θ∗ should be reported as “consistent with
Planck within ∼ 5–10% proxy systematic, sub-percent at
the level of the proxy itself.”

Strict uniform-f at the perturbation level:
falsified. A surgical modification of CLASS
source/perturbations.c implements the literal action-
level uniform-f prediction: the (1 + fprim) extra-matter
contribution to δρ tracks the baryon perturbation δb
rather than evolving as a collisionless component. This is
the direct consequence of δ((1+f)ρb) = (1+f)δρb under
uniform f . The result is dramatic and unfavourable:

H3/H1 = 0.013 (Planck : 0.443), σ8 = 0.31 (Planck : 0.811),
(42)

with ℓ1 = 266 (vs. Planck ∼ 220). The third-peak sup-
pression is a factor ∼ 33, far outside any observational al-
lowance. The mechanism is transparent: photon-coupled
perturbations oscillate during radiation era rather than
growing, so the gravitational wells the photon-baryon
fluid oscillates in at recombination are too shallow to
drive the third compression correctly. Strict uniform-
f ISST at the perturbation level is ruled out at
> 10σ by the Planck third peak.

Environment-dependent f : perturbation clo-
sure. The A05 operator’s linear response to density
perturbations has been derived (Sec. II I). The pertur-
bation δf = β(z) δb arises from the response of the local
escape velocity to the gravitational potential. Two read-
ings of the operator give β = +0.54 to +1.08 (Reading B,
local-collapse F119 calibration) and β = −0.43 to −0.87
(Reading A, horizon-scale, relativistically correct). Nei-
ther generates a free-growing collisionless channel: the
f -enhancement inherits photon-coupling from the baryon
perturbation pre-decoupling. The strict uniform-f source
is falsified at the third peak (> 10σ, Config 2 above); the
linearised env-dep-f closure does not structurally rescue
the peak-height ratios. A first-pass linear-scaling esti-
mate shifts H3/H1 from F134’s 0.013 (strict uniform-f)
to ≈ 0.015 (Reading B) or ≈ 0.012 (Reading A); the
factor-∼ 30 gap to the Planck-observed ∼ 0.44 persists.

The CAMB Path A treatment—modelling
(1+fprim)Ωb as collisionless matter in the pertur-
bation equations—reproduces sub-percent θ∗ and
ΛCDM-consistent peak ratios. This is an empirical
proxy whose physical justification within F01 is not
yet established. A candidate resolution path is a V (Ψ)
potential extension (F126, Path γ).

Caveat on V (Ψ) as a structural change. Adding a
potential V (Ψ) to the action gives Ψ a non-trivial Euler–
Lagrange equation, R/16π + V ′(Ψ)/16π = 0 at fixed
f , which in general makes Ψ propagate: ADM analysis

would then count an additional scalar mode, breaking the
F128 “zero scalar DOF” result that supports the no-fifth-
force claim (Sec. III B). It would also alter the Branch
theorem (the RHS of R∇Ψ = 0 acquires a V ′-dependent
term from the modified Bianchi projection), the cGW = c
argument (a propagating Ψ can mix with the gravita-
tional sector at non-trivial V ′′), the PPN computation
(the propagating mode generically contributes γ ̸= 1
unless screened, and ISST denies all standard screening
mechanisms in its Passport), and the LLR Ġ/G bound (a
V -driven slow evolution of Ψ contributes directly). We
therefore do not claim a CMB resolution via V (Ψ) in this
paper. Path γ is identified as a separate-theory direction
whose claim to “preserving the F01 results” has to be
earned property-by-property; until that is done, ISST’s
commitment is to the F01 action without V (Ψ), with the
third-peak gap reported as a live falsifier (Sec. VIII). The
honest position is that ISST either fits the CMB through
a yet-undiscovered F01-internal mechanism (the δf clo-
sure does not provide it) or the third peak is a genuine
falsification of strict-F01.

Stage G updates from F134. Five frame-
work verdicts change. boltzmann hierarchy cmb
(FRW preconditions) remains [denied] on F01.
isst boltzmann two domain w0wa proxy (NEW) is
registered [allowed] as the published-prediction
framework. isst boltzmann full uniform f (NEW) is
registered [denied], falsified by the third peak.
isst boltzmann env dep f (NEW) is registered [condi-
tional] pending implementation. The remaining caveat
on Path A is the high-z extrapolation: the effective
(w0, wa) proxy, extracted from low-z Wiltshire matching,
diverges from the committed Wiltshire dressed H(z) by
+76% at z = 1090 (F140). Moreover, the committed
ISST matter density Ωm = (1+fprim)Ωb = 0.329 exceeds
the Wiltshire bare matter density Ωm,bare = 0.125 by a
factor 2.6; this mismatch causes the effective dark-energy
density inferred from Friedmann inversion to become
negative at z > 2, precluding any tabulated w(z) input
to standard Boltzmann codes at the committed param-
eters. A true Wiltshire+ISST Boltzmann computation
requires modifying the background solver to accept the
two-domain volume-averaged expansion directly, not
through a Friedmann proxy. The −0.83% result is there-
fore a proxy-level estimate; the systematic uncertainty
from the +76% H(z) divergence at recombination is
unquantified and could shift θ∗ by several percent in
either direction.

Status: [demonstrated] at proxy level for the acous-
tic angle (F134, CAMB+CLASS), with a +76% H(z)
proxy systematic at z = 1090 (F140) that is unquantified
at the observable level. The third-peak height H3/H1 re-
mains [open] (factor-∼ 30 residual gap to Planck; F138
confirmed the linear env-dep-f closure does not rescue it).
Env-dep-f closure form [proven] (F138, Sec. II I); env-
dep-f rescue of the third-peak gap [open] within F01;
resolution escalates to a V (Ψ) extension (F126 Path γ,
under investigation) or to the honest-flag position the
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paper takes. A Boltzmann code with the true Wiltshire
two-domain background is identified as the most impor-
tant remaining computation (Sec. X).

VII. EARLY UNIVERSE AND
GRAVITATIONAL WAVES

A. BBN

Big-Bang Nucleosynthesis is inherited intact. The
Branch-A radiation closure (F95) requires Πrad = −ρr/2,
a sympy-derived consistency condition; physical tight-
coupling delivers ≤ 10−3, satisfying it within numeri-
cal noise. Crucially, Ψ is frozen on a radiation back-
ground (T = 0, traceless source) so G does not run
during nucleosynthesis. Standard BBN abundances (ηB ,
YHe, lithium) are inherited. Status: [proven]. The ear-
lier F113 BBN catastrophe (GBBN/Gtoday ≈ 3000) was
a wrong-background artefact: the Schutz/Hawking con-
vention on a naively-FRW background gave the catastro-
phe; the F95 closure on the correct radiation-dominated
Branch-A removes it.

B. Gravitational waves

Gravitational waves propagate at c. The action (1) is
linear in Ψ in the gravitational sector, so tensor pertur-
bations hµν decouple from Ψ fluctuations at linear order
on any background:

□hµν = −16π

Ψ
τµν , cGW = c structurally. (43)

The constraint |cGW/c−1| < 10−15 from GW170817 [75]
is satisfied trivially. F128 ADM analysis confirms two
tensor degrees of freedom and no scalar mode: LIGO
measures + and × polarisations only; no breathing mode.
Status: [proven].

C. No scalar dipole radiation

Because Ψ does not propagate, binary inspirals
do not radiate into a scalar channel. Hulse–Taylor
quadrupole-only behaviour is inherited; the framework
scalar dipole radiation binary is [denied] as inapplicable
to F01. Status: [proven].

VIII. FALSIFICATION COMMITMENTS

This section is the most important section in the paper.
ISST is science only to the extent that it commits to
falsifiers in advance, and those commitments include the
predictions ISST has retracted.

A. Hard falsifiers

Each of the following observations would, by itself, kill
ISST as formulated here.

• cGW ̸= c. ISST sits in the Horndeski corner that
GW170817 left intact, structurally not by tuning.
Any future |cGW/c− 1| > 10−15 at high-confidence
kills the theory.

• Fifth-force detection. F01 has no propagating
scalar and no fifth force to screen. Specifically:
a composition-dependent acceleration anomaly in-
consistent with WEP at the level the universal
(1+f)Lm coupling permits, or a Yukawa-type force
on test particles with finite range distinguishable
from 1/r2 gravity at any laboratory or solar-system
precision, would falsify ISST. An observed spatial
variation of Geff correlating with local matter con-
tent would by contrast be consistent with the (1+f)
mechanism (cf. the big-G speculation in Sec. X) and
would not constitute a fifth force in the ISST sense;
it would be a detection of the structural matter cou-
pling, not a refutation of its absence.

• γPPN ̸= 1 at ≳ 10−5. Tightening the Cassini
bound below ∼10−5 would force a path commit-
ment to a propagating-scalar variant or falsify F01.

• BBN abundances inconsistent with SBBN.
ISST inherits SBBN intact; any confirmed devia-
tion at the level of an evolving G during nucleosyn-
thesis falsifies the F95 closure.

• Direct dark-matter particle detection. ISST
identifies (1+fprim)Ωb as the entirety of Ωm,
predicting persistent nulls in dark-matter direct-
detection experiments at the CDM density across
all currently searched parameter spaces. Specifi-
cally: WIMP detection at σSI ≳ 10−47 cm2 over 1–
1000 GeV (within current XENONnT/LZ reach to
the neutrino floor); QCD-axion detection at gaγγ ≳
10−15 GeV−1 over 1–100 µeV (ADMX/HAYSTAC
reach); or keV sterile-neutrino detection inconsis-
tent with all-baryon (1 + fprim)Ωb = Ωm at > 3σ
would each falsify (27). Current nulls [82–84] are
consistent with the prediction; the kill condition is
a > 5σ confirmed detection at any of these specifi-
cations.

B. Cumulative tensions and live falsifiers

Each of the following is a multi-observation falsifier
with an explicit kill condition:

• Bullet/merging-cluster lensing under Eu-
clid. The lighthouse mechanism predicts κ tracks
bulge-dominated stellar mass, not gas mass. If Eu-
clid cluster tomography shows the κ peak tracking
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gas mass (not stars) at > 3σ across multiple merg-
ers, the mechanism is falsified.

• fσ8 shape under DESI DR2. If DR2+Euclid Y1
find fσ8(z) within 1σ of ΛCDM and ISST misses
by > 2σ in > 3 bins, wall-dynamical fσ8 is falsified.

• Void-lensing G-ratio under Euclid. ISST pre-
dicts Gvoid/Glocal = 1.025 (a +2.5% enhancement).
If Euclid/LSST measure Gvoid/Glocal = 1.000 ±
0.005 (GR-consistent), the differential prediction is
falsified, forcing either a V (Ψ) chameleon path or
retirement.

• MOND a0 tightening. ISST predicts an 11%
offset of acrit from MOND a0. If a0 is measured to
better than 5% with a central value within 2% of
1.20× 10−10, the F80 prediction is falsified.

• Jellyfish-galaxy lensing (ISST vs. MOND
discriminator). In ram-pressure-stripped jelly-
fish galaxies the stellar disk and the stripped gas
tail experience the same Newtonian acceleration
but have different processing histories: ISST pre-
dicts fs → 0 in the shocked gas tail (suppressed en-
hancement, κ→ (1+fprim) Σgas only) and fs ∼few
in the disk (full enhancement). MOND/QUMOND
predicts equal phantom-density contribution from
both components at the local acceleration, modu-
lated only by compactness. Stacked weak-lensing
of jellyfish samples in clusters with kinematic disk-
versus-tail separation (Euclid + ground-based spec-
troscopy) discriminates: if the disk-to-tail κ ratio
per unit baryonic surface density agrees with the
QUMOND compactness-only prediction within 1σ,
ISST’s processing-history claim is falsified.

• Peak-height ratios under env-dep-f full Cℓ.
F134 surgically modified CLASS to test strict
uniform-f at the perturbation level—the literal ac-
tion prediction with δ((1 + f)ρb) = (1 + fprim)δρb,
photon-coupled. The result is incompatible with
Planck: H3/H1 = 0.013 vs observed ∼ 0.44 (fac-
tor 33), σ8 = 0.31 vs 0.81. Strict uniform-f at the
perturbation level is therefore ruled out at > 10σ
and is retracted.

F138 update. F138 derives the env-dep-f linear
closure δf = β(z)δb explicitly from A05 (Sec. II I).
The closure is a few-percent correction to the grav-
itational source, not a free-growing collisionless
channel: δf is a functional of δb through the lo-
cal DKL response and inherits photon-coupling pre-
decoupling. A first-pass linear-scaling estimate
shifts H3/H1 from 0.013 (strict uniform-f) to ≈
0.015 (Reading B) or ≈ 0.012 (Reading A); the
factor-∼30 residual gap to Planck persists. The
previous draft’s claim that the env-dep-f closure
“restores collisionless-like growth” is downgraded.

Live falsifier (revised). The third-peak factor-
∼30 gap is [open] within F01: the F138 clo-
sure correction is bounded at ±16% of the CAMB
Path A baseline, so a full direct CLASS imple-
mentation of the β(z)δb source modification cannot
close more than a percent or so of the gap. The kill
condition shifts as follows. (a) If a direct CLASS
implementation of F138’s β(z)δb source confirms
a peak shift in the F138-predicted ±16% window,
ISST’s commitment is that the residual factor-∼30
gap is genuine and the resolution escalates beyond
F01: either V (Ψ) extension (F126 Path γ) or the
honest-flag position of Sec. VIG. (b) If the di-
rect implementation produces a much larger cor-
rection (≳ factor of order 10), the F138 deriva-
tion is incomplete and the closure has more con-
tent than identified—this would itself be a substan-
tial finding. (c) If the V (Ψ) extension is pursued
and fails to recover Planck-consistent peak heights
at percent level, the extension is falsified and the
honest-flag position becomes the only path. ETA
on the F138 direct CLASS implementation: 1–2
weeks (toolchain in F134 reproducible); working
on. The status tag for the third-peak gap is there-
fore [open].

C. Falsifier table: timeline, precision, observatory

The falsifiers are summarised in Table II with the
timescale for the relevant data release, the target pre-
cision required to trigger the falsification, and the obser-
vatory or analysis pipeline through which the test arrives.
Entries are ordered by approximate time-to-decision un-
der nominal mission schedules; “current” indicates that
the test can in principle be run on already-released data.

D. Results ISST has dropped

ISST has dropped its own claims in three categories
during the course of this work. We list them here for
transparency, because a theory that drops its failures is
more credible than one that hides them.

• S8 tension: [dropped]. F127 audited the ISST
S8 prediction and found the wrong sign: Gwall <
Gvoid at the relevant scales weakens late-time lens-
ing, predicting a wider S8 than observed. The
ISST prediction S8 ≈ 0.824 is in tension with the
KiDS-1000 [35] reading ∼ 0.760 (with consistent
DES Y3 [36] and HSC Y3 [37] preferences). We
therefore drop S8 as an ISST claim. (The S8 ten-
sion itself is fading as KiDS Legacy revises down-
ward, independently of ISST.)

• Halo-ontology Bullet attempts: [dropped].
F65, F66, and F68 attempted to resolve the Bul-
let Cluster by assigning per-galaxy halo masses,
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TABLE II. ISST falsifier inventory. “Hard” falsifiers are single-observation kill conditions; “Live” falsifiers are multi-observation
kill conditions with explicit thresholds. ETA is the approximate window from this paper’s writing within which the relevant
data become available at the target precision.

Falsifier Class ETA Target precision Observatory / pipeline

Bullet κgal/κgas ratio Live current per-pixel match to 3.76 at > 3σ Cha 2025 / Rihtaršič 2026 / JWST + HST

fσ8 shape at z ∼ 1.1 Live 1–2 yr 13σ ISST-vs-ΛCDM at DR2 high-z bins DESI DR2 + Euclid Y1

Void-lensing Gvoid/Glocal Live 2–3 yr ±0.5% at r > 50 Mpc voids Euclid + LSST/Rubin

a0 central value vs. acrit Live 3–5 yr a0 to ±5% with central value ±2% High-precision RAR / DESI rotation-curve campaigns

Third-peak ratios under env-dep-f Live 1–2 wk (compute) H3/H1 within F138 ±16% window or beyond Modified CLASS direct implementation (F138)

θ∗ on committed two-domain background Live 2–4 mo (compute) sub-percent agreement with Planck Modified Boltzmann code on Wiltshire H(z)

Jellyfish disk-vs-tail κ Live 3–5 yr disk-to-tail ratio per unit Σbar vs. QUMOND Euclid + ground-based spectroscopy

cGW ̸= c Hard current |cGW/c− 1| > 10−15 at high confidence LIGO/Virgo/KAGRA + EM counterpart

γPPN − 1 tightening Hard 5–10 yr Cassini bound below ∼ 10−5 Mars/asteroid radio-tracking; future Solar-System probes

Direct dark-matter detection Hard 3–7 yr WIMP at σSI ≳ 10−47 cm2 XENONnT / LZ Run 3+

QCD-axion at gaγγ ≳ 10−15 GeV−1 ADMX / HAYSTAC

keV sterile-ν inconsistent with all-baryon Ωm X-ray line searches

BBN abundance deviation Hard current any confirmed ∆GBBN/G at SBBN level Light-element abundance reanalyses

Composition-dependent EP violation Hard current–5 yr any anomaly inconsistent with universal (1+f)Lm MICROSCOPE follow-ups; STEP + atom interferometry

importing scalar-field stress-energy halos, or fit-
ting halo-attached directional KL coefficients. All
three violated F01’s pointwise (1 + f)ρ source
structure. The Derivation Passport explicitly de-
nies dark matter halo ontology; these attempts have
been retracted, and the F131 lighthouse closure
(Sec. VC) is the F01-native treatment.

• F113 BBN catastrophe: [dropped]. F113
reported GBBN/Gtoday ≈ 3000 on a naively-
FRW background, violating BBN by ∼ 104.
F112a/F113a audits identified the error as wrong-
background contamination; the F95 Branch-A ra-
diation closure resolves it. The earlier finding has
been retracted.

• F95 −12% θ∗ residual: [dropped]. F95 reported
a mixed-α(z) analytical estimate of θ∗/θ

Planck
∗ =

0.916. F134 ran a first-pass Boltzmann hierarchy
in CAMB and CLASS on the Wiltshire-effective
background and returned 0.992 / 0.991 (−0.83%
/ −0.92%), 14× smaller, with the two indepen-
dent codes agreeing to 0.07%. The F95 analytical
recipe is artefactual and the larger number is re-
tracted. F95 Scenario B (−0.77%), which F95 itself
dismissed as “not derivationally justified,” is inde-
pendently confirmed by both Boltzmann integra-
tors (Sec. VIG). The Branch-A radiation closure
Πrad = −ρr/2 that F95 derived for the BBN and
recombination arguments is independent of the re-
tracted analytical recipe and remains load-bearing.

• Strict uniform-f at perturbation
level: [dropped]. F134 modified CLASS
source/perturbations.c to implement the literal
action-level prediction δ((1+f)ρb) = (1+fprim)δρb

photon-coupled. Result: H3/H1 = 0.013 vs
Planck’s 0.44 (factor 33 mismatch), σ8 = 0.31 vs
0.81, ℓ1 = 266 vs 220. Photon-coupled matter
does not grow during radiation domination, so
the gravitational wells at recombination are too
shallow to drive the third compression. The strict
uniform-f reading at the perturbation level is in-
compatible with Planck at > 10σ and is retracted.
The committed Path A prediction continues to
use a collisionless-CDM proxy for fprimΩb at the
perturbation level; F138 has shown the linear
env-dep-f closure provides only a few-percent
correction to that proxy and does not derive it
from F01 (Sec. VIG).

• Smooth-crossover fprim reduction:
[dropped]. The speculation that replacing
sharp-transition step functions with smooth
Standard-Model crossovers would reduce fprim
from 5.664 toward the observational target 5.40 has
been tested (F139). A per-transition smooth eval-
uation returns fprim = 5.78 (larger, not smaller);
the smooth path integral

∫
(1/g∗) |dg∗/dT | dT is

path-independent and gives 3.31 regardless of
crossover width. The 1.82σ residual is a genuine
feature of the DOF sum, not an approximation
artefact. The operator-level derivation from
(1+f)Lm on the full thermal history remains
[open] as a separate programme (Sec. X).

IX. COMPARISON WITH EXISTING
FRAMEWORKS

Table III summarises ISST against the principal alter-
natives. The vertical axis lists capability, the horizontal
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axis lists frameworks; entries are derived (D), assumed
(A), absent (–), or excluded (×).

Honest parameter accounting. ISST’s full ISST-
specific parameter set, with the lighthouse working mem-
ories f⋆s , f

gas,shock
s now counted explicitly:

Parameter-free predictions from action + SM (2):

• acrit = 1.07 × 10−10 m/s2 — derived from the
wall-Friedmann plus Branch-A weak-field algebra
(Sec. IVB); depends on the committed H0 = 61.79
and fprim = 5.66.

• fprim = 5.66±0.12 — discrete-sum ansatz over SM
freezeouts (Sec. II E); 1.6–1.8σ tension with Planck.
The formal chain from the action’s KL functional
to the discrete sum is structurally open (four can-
didate paths ruled out); fprim is therefore properly
framed as an SM-motivated ansatz, not as a closed-
chain derivation.

Empirical (fitted to data) (7):

• areg0 = 0.01 × 10−10 m/s2 — rotation-curve regu-
lator internal scale, fitted on a 14-galaxy SPARC
subsample (Sec. IV).

• q ≈ 0.45 — regulator exponent, same subsample.

• α = 0.869 — KL coupling, galactic calibration
on the 14-galaxy subsample (the calibration pro-
cedure: for each trial α, compute VISST(r) for all
14 galaxies via (16) with the observed baryon dis-
tribution and minimise the median RMS velocity
residual). Note that αcosmo ≈ 1.71 is required
to match the discrete-sum fprim from the smooth
path-integral form (8), a factor-∼ 2 scale depen-
dence acknowledged as an open tension (Sec. II E).

• n = 4.83 — void-fraction sigmoid shape parame-
ter in the χw(z) closure (Sec. VIC); residual, not
derived.

• Kenv = 1.484 — environmental rescaling recov-
ered as the squared ratio of two independent Hub-
ble outputs in the F61 closure on the Sheth–
van de Weygaert two-barrier abundance (Sec. VID,
App. E); propagates into the committed H0 =
73.82/

√
Kenv = 60.61 km/s/Mpc dressed value and

thence into acrit. This is an empirical input rather
than an action-derived prediction; deriving Kenv

from earlier ISST-committed quantities is identi-
fied as [open].

• f⋆s ≈ 3.55 — lighthouse stellar working memory,
fitted to the Paraficz et al. (2016) local-column con-
vergence ratio at the Bullet (Sec. VC). Derivation
from violent-relaxation working memory open.

• fgas,shocks ≈ 0.21 — lighthouse shocked-gas working
memory, fitted to the same Paraficz decomposition.

Inherited (1):

• fv0 = 0.762 — void fraction today, from the Wilt-
shire two-domain framework [23].

Initial conditions (shared with all theories) (2):
Ωbh

2 = 0.02237 from BBN/Planck and Ψ0 = 1/GN from
matching to laboratory G.
Total ISST-specific count: 10 (2 derived/ansatz + 7

empirical + 1 inherited), plus 2 initial conditions. This
is more total parameters than ΛCDM’s 6. The honest
framing is that ISST derives two of these from first prin-
ciples (one fully from the action, one from SM thermal-
history input with the chain to the action open) while
ΛCDM fits all six of (Ωb,Ωc, H0, τ, As, ns) from CMB
data. The epistemic status differs even when the count
does not favour ISST on raw count alone — ISST’s two
parameter-free predictions are predictions, in advance of
observational fitting; ΛCDM’s six are posteriors.
The derivation of the regulator exponent q from

second-order Branch-A perturbation theory, a single-
α scale-bridging calibration that closes the factor-∼ 2
galactic-vs-cosmological gap, the derivation of Kenv from
earlier ISST-committed quantities (it currently enters as
an empirical squared-Hubble-ratio input rather than as
an action-derived prediction), the lighthouse fs values
from violent-relaxation working memory, and the fprim
chain closure are identified as [open].
vs. ΛCDM. ISST’s empirical regulator parameters

(areg0 , q) are fitted on rotation curves only and do not
propagate into the cosmological prediction. The fram-
ing differs: ΛCDM assumes the dark sector and asks
“what density?”; ISST proposes (1+fprim)Ωb = Ωm as
the cosmological-floor identity and asks “what observa-
tion could break it?”.

ISST is observationally indistinguishable from
ΛCDM at the CMB level under the env-dep-f clo-
sure. F134 established that the strict uniform-f pertur-
bation prediction is ruled out by the Planck third peak,
and the env-dep-δf contribution that ISST already re-
quires for the H0 tracker restores LCDM-like cluster-
ing at recombination (Sec. VIG). The CMB therefore
neither favours nor disfavours ISST relative to ΛCDM
at first-pass precision. The distinguishing tests live en-
tirely in the late-time structure-formation sector: the
differential acrit prediction at galactic scale (−11% vs.
MOND a0; Sec. IVB); the fσ8 shape prediction at
DESI DR2 + Euclid Y1 precision (13σ distinguishabil-
ity at z = 1.1; Sec. VI); the +2.5% void-lensing G ratio
versus GR (Sec. V); and the lighthouse-mechanism pre-
dictions for cluster-merger geometry (Bullet, Abell 520,
and the jellyfish-galaxy ISST-vs.-MOND discriminator;
Sec. VIII). The paper’s claim that ISST “replaces three
components of the standard model” therefore reduces, at
the CMB level, to a reinterpretation of what ΛCDM’s Ωm
and ΩΛ are, not to a numerically different prediction; the
substantive distinction is at late times.

vs. MOND/TeVeS [48, 54–58]. MOND’s a0 is em-
pirical; ISST’s acrit is derived. ISST has cosmology na-
tive to the action; MOND does not. ISST’s acrit sits 11%
below a0, a sharp discriminator.
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TABLE III. ISST vs. existing frameworks. D = derived, A = assumed parameter or input, – = no native treatment, × =
excluded.

Capability ISST ΛCDM MOND/TeVeS metric f(R) Horndeski

Ωm/Ωb ≈ 6 D A – A A

Late-time acceleration D (geometric) A (Λ) – D (f ′′) D (G4, G5)

Rotation curves D (acrit) D (NFW fit) D (a0) D D

Cluster lensing D (lighthouse) D (NFW DM) × A D

CMB peak structure ∼ (proxy sub-%, peak ratios open; V (Ψ) under inv.) D (6-param fit) – D D

PPN γ = β = 1 D (exact) D D A (screening) A (screening)

Fifth-force screening not needed not needed not needed required required

cGW = c D (linearity) D D D D (corner)

DOF count 2 2 2+2 2+1 2+1

Parameter count: derived from action 1 (acrit) 0 0 0 0

Parameter count: SM-input ansatz 1 (fprim, chain open) 0 0 0 0

Parameter count: empirical 7 (see below) 6 (ΛCDM) 1 (a0) 1 (f) 4+

Parameter count: inherited 1 (fv0, Wiltshire) — — — —

Initial conditions 2 (Ωbh
2,Ψ0) 2 yes yes yes

vs. metric f(R). Both modify gravity; metric
f(R) introduces a propagating scalar that requires
chameleon screening. ISST’s Palatini-class structure has
a Lagrange-multiplier Ψ that does not propagate; no
screening is needed because there is no fifth force. The
framework f R metric equivalence is [denied] for F01.

vs. Horndeski [3, 75–77]. ISST sits in the Horndeski
corner that GW170817 spared. It is not a generic Horn-
deski theory; the specific ΨR form with no kinetic term
is a structural choice that survives every cosmological-
tensor constraint applied to the broader class.

vs. backreaction. Wiltshire’s two-domain frame-
work [22, 23] is a special case of Buchert averaging [20, 21]
that ISST adopts as the inhomogeneous background;
ISST adds the action principle that requires some inho-
mogeneous background as the only Branch-A-compatible
dust cosmology, with Wiltshire’s two-domain form the
minimal physically motivated realisation (Sec. VIA).

vs. Brans–Dicke. BD [1, 2, 4] gives Ψ a kinetic term
and a propagating equation of motion; its ωBD parame-
ter is constrained by Cassini to ωBD > 4 × 104. ISST
has no kinetic term: Ψ is a Lagrange-multiplier and
the BD comparison is structurally not applicable. The
thermodynamic-gravity programme of Verlinde [14, 15]
and Padmanabhan [16] shares ISST’s information-as-
source intuition but does not specify a covariant action;
F01 (1) is the local realisation.

vs. small-scale ΛCDM stresses. JWST early-
galaxy abundance [86] and small-scale halo chal-
lenges [85, 87] are problems for ΛCDM. ISST’s structure-
formation history through Wiltshire backreaction may
address them but the quantitative work (full Cℓ, P (k))
is identified as [open]. The cosmic SFR history [60] pro-
vides the fs-accumulation timeline that the lighthouse
mechanism uses implicitly; deriving SFR from F01 itself
is not in scope here.

X. DISCUSSION AND FUTURE WORK

A. Open items

The largest open items, with kill conditions where ap-
plicable, are:

• Modified Boltzmann hierarchy. The most
important remaining computation is a Boltz-
mann code whose background solver accepts the
Wiltshire two-domain volume-averaged expan-
sion directly. The (w0, wa) proxy used in F134
diverges from the committed Wiltshire H(z)
by +76% at z = 1090 (F140); the committed
ISST Ωm = 0.329 exceeds the Wiltshire bare
Ωm = 0.125 by a factor 2.6, causing the equivalent
dark-energy density under Friedmann inversion
to become negative at z > 2 and precluding
any Friedmann-template proxy at high redshift.
A modified CLASS with (i) the two-domain
background solver, (ii) the V (Ψ) perturbation
extension, and (iii) (1+f)ρb as the gravitational
source would provide the definitive CMB test. The
framework isst boltzmann two domain tabulated
is identified for passport stamping under (i);
isst boltzmann env dep f remains [conditional]
pending the V (Ψ) derivation under (ii). Estimated
scope: 2–4 months of code development. [open].

• Operator-level fprim chain. The DOF-
counting fprim = 5.66 ± 0.06 overshoots the
CMB target 5.40 ± 0.15 at 1.6–1.8σ. Smooth-
crossover evaluation does not close this gap
(F139: PER TRANSITION returns 5.78, the path-
independent integrand returns 3.31, neither reaches
5.40). F145 sharpens the OPEN status from
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“derivation not yet done” to “structurally ob-
structed under the four canonical paths.” The ac-
tion’s f in eq. 4 is a single-epoch DKL integral;
the discrete sum is a path-additive event-counting
quantity over the four SM freezeouts. Single-
epoch DKL of post-thermal-history Maxwellians
gives 1.36 (factor ∼ 4 short); DKL vs. local-
bounded uniform gives ∼ 40–60 (factor ∼ 8 too
large; reading is galactic-specific); per-step tran-
sient DKL summed gives 0.30 (factor ∼ 19 short;
Shore–Johnson additivity does not extend to time-
separated events); Rényi-2 sum at the 4-step par-
tition gives 5.82 accidentally but Shore–Johnson
forces q = 1 (Sec. II E, F145). Closing the chain
therefore requires either (a) a path-integral exten-
sion of the action (re-checks A05, F46 ratchet,
(1+f)Lm, the Shore–Johnson uniqueness deriva-
tion), or (b) a demonstration that the discrete
sum emerges from a different limit of (1+f)Lm
than the single-epoch DKL, or (c) a more abstract
information-theoretic measure for which the dis-
crete sum is the unique additive monotone func-
tional. The ∼ 2–3σ two-α structural question
(αgal = 0.869 vs. αcosmo ≈ 1.71 for the smooth-
integral form to recover 5.66) is identified as a prop-
agated sub-problem. [open].

• Matter power spectrum P (k) and BAO. Same
methodological obstacle as Cℓ. [open].

• Newton-limit regulator exponent q. Em-
pirically ∼ 0.45; a derivation from second-order
Branch-A expansion is identified. [open].

• f⊙s and Cassini sub-leading. Currently unmea-
sured; a kill condition is f⊙s > 0.05. [open].

• Path commitment (ζ vs. γ vs. ε). Three
Reading-4-class extensions remain on the table;
the choice has consequences for void-lensing and
screening. Held off pending Lily review of the
F130b path catalogue. [open].

• Per-pixel Bullet κ map. The local Σbaryon

contrast at the two peaks is now resolved by
JWST [64] (modified Hausdorff 20 kpc ICL/κ align-
ment) and the GR κ map is published in Ri-
htaršič et al. (2026) [65], with QUMOND modelling
residual |∆κ| ≲ 0.15 in Hernandez (2026) [66]. Ex-
tracting κgal/κgas from these maps and comparing
to the operator (1 + f⋆s )/(1 + fgas,shocks ) ≈ 3.76 is
identified as the next quantitative step (Sec. VC).
[open] (numerical extraction; observable now pub-
lished).

• BBN under alternative matter conventions.
The F95 closure has been verified under Brown
trace and partially under Schutz/Hawking conven-
tions; full coverage is identified. [open].

B. The Derivation Passport as methodology

The Derivation Passport (Appendix A) is the machin-
ery that has made the audit-and-retraction discipline of
this paper possible. It is a deterministic gate-engine
whose state records every property ISST has stamped
(e.g. scalar propagates=false from F128) and whose out-
put is a verdict on every external formula one might reach
for. We invite others to use it, criticise it, and extend it.

C. Speculative directions (parking lot)

The following are structurally consistent with the pos-
tulate but not yet derived. They are listed here so the
record is complete and not in the results sections.

• GW energy partition between NS–NS and BH–BH
mergers as a measure of information processing
rate. Kill condition: if Ψrad is not derivable from
the action as a conserved or source quantity.

• Decoherence as gravitational information process-
ing. Highly speculative; no calculation; energy
scale likely unfalsifiable.

• Big-G laboratory scatter as f-correlated. If G =
1/Ψ with environment-dependent f , the persis-
tent scatter in big-G measurements at national
metrology institutes may correlate with local
geoid/Bouguer anomalies.

• Cyclic universe (Axiom VI) as a topological closure.
The horizon and monopole problems are addressed
by topological inheritance from the previous cycle,
not by intra-cycle inflation.

These are flagged as speculative throughout this pa-
per’s predictions pending.md and carry their own kill
conditions.

XI. CONCLUSION

ISST commits to a single action with one matter-
side coupling and no kinetic term for the scalar. From
that action: the Branch theorem partitions spacetime
into a GR-recovering compact-object sector and an in-
homogeneous cosmological sector; the static-fluid theo-
rem (App. H) routes every physical star into Branch B,
underwriting exact PPN (γ = β = 1), cGW = c struc-

turally rather than by tuning, |Ġ/G| five orders be-
low LLR, and inherited SBBN; the acceleration scale
acrit ≃ 1.07 × 10−10 m/s2 falls out of two algebraic
identities, sitting 11% from MOND a0; the cosmological-
floor identity (1+fprim)Ωb = Ωm predicts Ωm/Ωb within
4.2% of Planck from a single SM thermodynamic input
(1.6–1.8σ tension reported as honest residual). Rotation
curves fit competitively on the full SPARC sample with
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the central Q=1 comparison robust under held-out cross-
validation (F147); the lighthouse mechanism closes the
bulk of the Bullet κ contrast under empirical fs values;
theH0 tension structure is reproduced as a frame artefact
(literal recovery open).

ISST eliminates dark matter as a particle species; the
CMB perturbation structure under the strict F01 ac-
tion remains open (Sec. VIG). The first-pass acoustic
angle uses a (w0, wa) proxy carrying ∼ 5–10% systematic
uncertainty; the strict uniform-f perturbation source is
falsified at the third peak (> 10σ); the env-dep-f clo-
sure provides percent-level corrections, not the factor-
∼30 needed (Sec. II I). The distinguishing predictions live
in late-time structure formation: the lighthouse mech-
anism in cluster mergers, the fσ8 shape on the Wilt-
shire background (DESI DR2), the +2.5% void-lensing
G-ratio (Euclid), and the processing-history-dependent
fs in jellyfish galaxies. The full inventory of open items
is in Sec. X; the dropped predictions in Sec. VIIID; the
timeline-and-precision falsifier table in Sec. VIII C.

Self-containment and reproducibility. Ev-
ery load-bearing derivation is presented in the body
or appendices (App. A–I). The companion site lily-
labs.co.uk/isst provides supplementary computational
outputs and the interactive Derivation Passport en-
gine; CAMB params.ini, the modified CLASS
source/perturbations.c patch, and the SPARC anal-
ysis scripts will be archived on Zenodo upon acceptance.
The invitation is open: here are our kill conditions; try
to trigger them.
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Appendix A: The Derivation Passport

The passport is a JSON state file that records every
structural property ISST has stamped, together with a
property graph and an implication engine. Every ex-
ternal framework (e.g. chameleon screening, palatini ppn)
carries preconditions; the gate evaluates the conjunc-
tion of preconditions against the passport state and re-
turns one of [allowed], [warning], [conditional],
[denied]. Every verdict names the F-task or axiom that
stamped each contributing property, so that any verdict
can be traced back through the derivation chain.

As of this paper, the passport has 70 properties
stamped (75 live after implications), with 7 frame-
works [allowed], 56 [conditional], and 25 [de-
nied]. The [allowed] list comprises buchert averaging,
szekeres model, continuity equation, palatini ppn, horn-
deski gravity (with corner note), adm decomposition,
and wiltshire two domain. The [denied] list is domi-
nated by FRW-presuming or propagating-scalar frame-
works (friedmann equations, chameleon screening, vain-
shtein screening, linear growth factor, halo model, con-
vergence poisson, boltzmann hierarchy cmb, etc.) plus
damour esposito farese ppn (requires propagating scalar)
and birkhoff theorem gr (requires Ricci-flat exterior plus
standard scalar coupling).
The hard rule is that any F-task using a [denied]

framework without first updating the passport is struc-
turally invalid. Six results in this paper’s audit history
triggered this rule and were retracted.

Appendix B: Critical-acceleration derivation

This appendix gives the full algebra behind Eqs. (18)–
(26) of Sec. IVB. It assembles the linearised perturbation
analysis of F84 and the matter-era power-law analysis of
F80 into a single derivation chain.

1. Linearised Branch A: Cgrad = 2/3

Take the conformal-Newtonian (longitudinal) gauge
metric

ds2 = −(1 + 2Φ) dt2 + (1− 2ΦN ) δij dx
idxj , (B1)

with Ψ = Ψ0 + δΨ, Ψ0 ≡ 1/GN , and dust stress-energy

Tµν = ρ uµuν with uµ = (1, 0⃗) and T = −ρ. Linearising
the field equation (2) on Minkowski + Ψ0, retaining all
terms at first order in (Φ,ΦN , δΨ/Ψ0, ρ/Ψ0) and reduc-
ing to Laplacian form, the four independent equations
are (18)–(21) of the main text. From (21) substitute
∇2Φ = 2∇2ΦN into (19):

4Ψ0∇2ΦN−4Ψ0∇2ΦN+3∇2δΨ = −8π(1+f)ρ =⇒ ∇2δΨ = − 8π
3 (1+f)ρ.

(B2)
Inserting back into (18):

2Ψ0∇2ΦN = 8π(1+f)ρ+∇2δΨ = 8π(1+f)ρ− 8π
3 (1+f)ρ = 16π

3 (1+f)ρ,
(B3)

giving ∇2ΦN = (8π/3)(1 + f)ρ/Ψ0 = (2/3) 4πGN (1 +
f)ρ, and (21) then gives ∇2Φ = (4/3) 4πGN (1 + f)ρ.
For a point mass M at the origin, integrating ∇2δΨ =

−(8π/3)(1 + f)M δ3(r⃗) gives

δΨ(r) = 2
3 (1+f)GNM/r,

∣∣∇(δΨ/Ψ0)
∣∣ = 2

3 (1+f)
GNM

r2c2
= 2

3 (1+f)
abar(r)

c2
.

(B4)
The Bardeen gauge-invariant quantities Φ, ΦN and the
spacetime-scalar δΨ are insensitive to the longitudinal
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slicing, so this coefficient holds in any choice of slicing.
The candidate alternatives (4/3, 2, 1) violate one of (20)
or (21) (cross-checked in F84) and are ruled out struc-
turally, not numerically.

2. Matter-era power-law on the wall background:
p/n = (

√
21− 3)/2

Take a(t) ∝ tn, Ψ(t) ∝ tp, ρ(t) ∝ t−3n on the leading-
order wall Friedmann

H2 = 16π
9 (1+fprim) ρ/Ψ, (B5)

the Branch-A transport

□Ψ = −Ψ̈− 3HΨ̇ = − 8π
3 (1+fprim) ρ, (B6)

and continuity ρ̇+3Hρ = 0 (automatic for the power-law
ansatz). Computing each term:

H = n/t, H2 = n2/t2, (B7)

Ψ̈ + 3HΨ̇ = [p(p− 1) + 3np] Ψ0 t
p−2 = p(p− 1 + 3n)Ψ0 t

p−2.
(B8)

Power matching the Friedmann equation gives −2 =
−3n− p, hence p = 2− 3n.

Friedmann amplitude: n2 =
(16π/9)(1+fprim) ρ0/Ψ0, equivalently
(8π/3)(1+fprim) ρ0/Ψ0 = (3/2)n2.

Transport amplitude: p(p − 1 + 3n) =
(8π/3)(1+fprim) ρ0/Ψ0 = (3/2)n2.

With p = 2− 3n the LHS becomes (2− 3n) (2− 3n−
1 + 3n) = (2− 3n) · 1 = 2− 3n. Therefore

2− 3n = 3
2 n

2 ⇐⇒ 3n2 + 6n− 4 = 0, (B9)

which is (24) of the main text. The roots are n = (−3±√
21)/3; the physical (expanding) root is n = (

√
21 −

3)/3 ≈ 0.5275, giving p = 5−
√
21 ≈ 0.4174 and

Ψ̇

HΨ

∣∣∣∣
0

=
p

n
=

3(5−
√
21)√

21− 3
=

3(5−
√
21)(

√
21 + 3)

(
√
21− 3)(

√
21 + 3)

=
3(2

√
21− 6)

12
=

√
21− 3

2
,

(B10)
the 0.7913 of (25).

This is a unique attractor of the coupled system: nu-
merical Radau integration with rtol = 10−11 from initial
conditions 10−2/H0 in the deep matter era to 1/H0 recov-
ers the analytical asymptote to |∆(p/n)| = 7.5 × 10−13,
with the Friedmann constraint residual at 2.1×10−12H2

peak (F80, isst f80 void scale.py). The alternative

full Friedmann (cross-term retained) gives p/n =
√
3;

the Brans–Dicke ω = 0 form (no wall (2/3) subtraction)
gives p/n = 1. Both alternatives predict acrit values 50–
100% off MOND a0 at any H0 ∈ [60, 75] km/s/Mpc and
are ruled out empirically (F84 Table 5).

3. Stability-gradient crossover

The Branch-A constraint R = 0 holds pointwise
in the cosmological background; the field equation (2)
with linear Ψ admits no propagating mode (Sec. IID).
At galactic scales, the local |∇(δΨ/Ψ0)| scales as
(2/3)(1+fprim) abar/c

2 (Eq. B 1); the cosmological floor

is set by the matter-era Ψ̇/(HΨ) on the wall background
giving a gradient scale Leff = (p/n) c/H0 and a corre-
sponding floor H2

0Leff/c
2. Equating:

2
3 (1+fprim)

acrit
c2

=
H2

0

c2
· p
n

c

H0
=

p

n

H0

c
, (B11)

which rearranges to

acrit = 3
2

p

n

cH0

1 + fprim
=

3(
√
21− 3)

4

cH0

1 + fprim
,

(B12)
the result (26). Numerically, with cH0 = 6.003 ×
10−10 m/s2 at H0 = 61.79 km/s/Mpc and (1+fprim) =
6.664:

aISSTcrit =
1.1869× 6.003

6.664
×10−10 m/s2 = 1.069×10−10 m/s2.

(B13)
At Planck H0 = 67.4 the value is 1.166 × 10−10 (−2.8%
vs MOND); at SH0ES H0 = 73.0 it is 1.263 × 10−10

(+5.3%). The 11% offset at the committed ISST H0 is
the falsifiable differential prediction.

Appendix C: Wiltshire-forcing proof

This appendix expands the proofs of Claims 1 and 2
from Sec. VIA and gives the explicit pointwise R = 0
wall-metric construction.

1. Claim 1 in detail

The flat-FRW Christoffels are Γ0
ij = aȧ δij and Γi0j =

(ȧ/a) δij , giving the non-zero Ricci components

R00 = −3
ä

a
, Rij = (aä+ 2ȧ2) δij . (C1)

The Ricci scalar is therefore

R = gµνRµν = 3
ä

a
+

3

a2
(aä+2ȧ2) = 6

(
ä/a+H2

)
= 6(Ḣ+2H2).

(C2)

Imposing R = 0 gives the autonomous ODE Ḣ = −2H2.
Integrating, −1/H = −2t + C; choosing the origin of
time t0 = 0 gives H(t) = 1/(2t) and a(t) = a0(t/t0)

1/2.
No matter content was used. The constraint is purely
geometric.
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2. Claim 2 in detail

The trace of (2) with gµνGµν = −R and gµνgµν = 4 is

−ΨR+ 3□Ψ = 8π(1 + f)T. (C3)

Branch A (R = 0) reduces this to the transport equa-
tion □Ψ = (8π/3)(1 + f)T . The (t, t) mixed-index field
equation

ΨGtt +□Ψ−∇t∇tΨ = 8π(1 + f)T tt, (C4)

on flat FRW with Ψ = Ψ(t) and dust T tt = −ρ, with
Gtt = −3H2, ∇t∇tΨ = −Ψ̈, and □Ψ = −Ψ̈ − 3HΨ̇,
becomes

3ΨH2 + 3HΨ̇ = 8π(1 + f)ρ. (C5)

Substituting Claim 1’s H = 1/(2t) and dust scaling
ρ(t) = ρ0(t0/t)

3/2 into (31):

3Ψ(t)

4t2
+

3Ψ̇(t)

2t
= 8π(1 + f)ρ0 t

3/2
0 t−3/2. (C6)

Multiplying by 2t/3 rearranges this as the first-order lin-
ear ODE

Ψ̇ +
Ψ

2t
=

16π

3
(1+f)ρ0 t

3/2
0 t−1/2. (C7)

The integrating factor is µ(t) = exp
∫
dt/(2t) = t1/2.

Multiplying both sides by µ gives d/dt
(
t1/2Ψ

)
=

(16π/3)(1+f)ρ0t
3/2
0 , which integrates to

Ψ(t) = A t1/2 +K t−1/2, A ≡ 16π

3
(1+f)ρ0 t

3/2
0 ,

(C8)
with K a free integration constant. We verify
both modes by direct substitution: for Ψ = At1/2,
Ψ̇ = (A/2)t−1/2, the LHS of (C6) is 3At−3/2/4 +
3At−3/2/4 = (3A/2)t−3/2, matching the RHS on

A = (16π/3)(1+f)ρ0t
3/2
0 . For Ψ = Kt−1/2, Ψ̇ =

−(K/2)t−3/2, the LHS is 3Kt−5/2/4 − 3Kt−5/2/4 = 0,
satisfying the homogeneous equation. Both modes are
therefore valid; the system is algebraically consistent.
The trace transport □Ψ = −(8π/3)(1+f)ρ is satisfied
identically by both modes under the same A matching.

The incompatibility is observational. Claim 1 forces
a(t) ∝ t1/2, which is the radiation-era expansion law
(q = 1). Matter-era observations through SN-Ia, BAO,
and CMB acoustic-peak positions require an effective ex-
pansion law significantly closer to a(t) ∝ t2/3 (q = 1/2)
at intermediate redshift, regardless of the value of K in
(C8) (the integration constant rescales Ψ but does not
change the functional form of a(t), which is fixed by the
geometric condition R = 0 in Claim 1). Branch A on flat
FRW therefore predicts the wrong cosmological decelera-
tion parameter at the matter era. The mismatch is O(1)
in q, not a subleading correction.

For radiation matter (T = −ρ + 3P with P = ρ/3),
the trace vanishes identically: T = 0. The transport
equation reduces to □Ψ = 0, which admits the static
solution Ψ = Ψ0 = const. Substituting Ψ̇ = 0, Ψ̈ = 0
into (C6) (with ρrad ∝ a−4 ∝ t−2 on a ∝ t1/2) gives
3Ψ0/(4t

2) = 8π(1 + f)ρrad,0 t
−2, both sides ∝ t−2. Con-

sistent. Branch A flat FRW is the correct radiation-era
cosmology; the matter-era expansion law it predicts is
incompatible with observation.

3. Pointwise R = 0 wall metric

The minimum geometric structure compatible with
Branch A + dust uses the planar anisotropic ansatz (F12)

ds2 = −dt2+a(t)2(dx2+dy2)+b(t, z)2 dz2, Ψ(t, z) = Ψ0(t)+ψ(z).
(C9)

Computing the Ricci scalar of (C9) symbolically:

R = Rtemporal(t) +Rspatial(z) +Rcross(t, z; ∂zb), (C10)

where the cross terms involving ∂zb enter Rtt and Rzz
with opposite signs at the bound-wall fixed point K ≡
ḃ/b− ȧ/a = 0. With a(t) ∝ t2/3 (matter-era wall expan-
sion), Rtemporal = 0 identically. The remaining condition
is the spatial balance

∂2zψ = − 8π
3 (1 + f)ρ, (C11)

which is the spatial form of the Branch-A transport
equation. The z-derivatives of b(t, z) cancel exactly be-
tween Rtt and Rzz at the bound-wall fixed point, so
R = 0 pointwise reduces to a 1-parameter ODE in t
at each z, with K = 0 as its stable fixed point. Nu-
merical verification on a 200 × 200 grid (F12, work-
ing/wall metric pointwise R0.md) confirms: (i) spatial
balance (C11) satisfied pointwise to 4×10−10; (ii) spatial
average ⟨∆ψ⟩w = −(8π/3)(1 + f)⟨ρ⟩w recovering F12’s
(34) coefficient 16π/9 at six-digit agreement; (iii) point-
wise |R| decays from 6 × 10−5 (initial finite-difference
noise) to 3× 10−9 as K relaxes to zero.
This is the explicit constructive proof that the wall-

side of the two-domain split admits Branch A + dust
pointwise. Combined with the Milne void (where T → 0
trivially admits R = 0 and Ψ = const), the two-domain
split is constructively realised.

4. Selection between two-domain alternatives

Claim 2 motivates an inhomogeneous background
(the matter-era observational mismatch on flat FRW);
Sec. C 3 constructs the planar wall metric. Whether the
planar wall-pointwise construction is unique among all
inhomogeneous Branch A + dust solutions reduces to
the classification problem: which dust spacetimes satisfy
R = 0 pointwise? For the two metric classes most stud-
ied in inhomogeneous cosmology:
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• Lemâıtre–Tolman–Bondi (LTB) dust space-
times ds2 = −dt2+R′2/(1+2E) dr2+R2dΩ2 have
Ricci scalar that depends on E(r) and the bang-
time tB(r); setting R = 0 pointwise requires solv-
ing a coupled PDE system for these arbitrary func-
tions. We have not constructed an explicit LTB
solution with R = 0+ dust, nor proved one cannot
exist; the classification is identified as [open].

• Szekeres spacetimes generalise LTB and admit
broader inhomogeneity. The R = 0 + dust clas-
sification is similarly unresolved.

Wiltshire’s specific timescape geometry [22, 23] is
the simplest two-domain Buchert-averaged backreaction
model that: (i) realises ⟨R⟩ = 0 on the volume av-
erage; (ii) admits the pointwise R = 0 wall metric of
Sec. C 3 as its wall-interior limit; (iii) matches the SN-Ia
luminosity–redshift relation at fv0 = 0.762 [23, 25]. The
selection over LTB/Szekeres is therefore on the basis of
minimality (criterion i, two domains rather than continu-
ous E(r)/tB(r)), constructive realisation (ii), and obser-
vational match (iii). Strict exclusion of all LTB/Szekeres
alternatives is identified as a separate classification prob-
lem, [open].

5. What this proves

Within the closed-form analytic results above:

• Branch A on flat FRW with dust is algebraically
consistent (general solution (C8)) but observa-
tionally incompatible with matter-era expansion:
the geometric constraint R = 0 forces a ∝ t1/2

(radiation-era scaling), whereas matter-era obser-
vations require a ∝ t2/3 ([proven] for the geomet-
ric obstruction; observational mismatch is at O(1)
in the deceleration parameter).

• The two-domain split (Milne voids + planar-
anisotropic walls) constructively realises Branch A
+ dust + observed matter-era cosmology
([proven]).

• Wiltshire’s timescape phenomenology arises as the
volume-average of this two-domain construction at
fv0 = 0.762 ([demonstrated]; matches Wiltshire
2009 to 0.09% on the dressing ratio R).

• Strict exclusion of LTB/Szekeres alternative inho-
mogeneous backgrounds is not proved; that classi-
fication is [open].

Appendix D: Wall Friedmann derivation:
anisotropic slab to isotropic limit

This appendix gives the full derivation of (34) from
F01 on the planar wall slab, with explicit verification

that energy-momentum is conserved at every step of
the anisotropic-to-isotropic transition, providing a clear
bridge between the anisotropic wall slab and the averaged
Friedmann equation that ensures no energy-momentum
is lost in the averaging process. The full derivation, in-
cluding symbolic verification with sympy, is provided in
the supplementary material accompanying this paper.
The pointwise existence of the wall metric is estab-

lished in Appendix C 3; F141 (this appendix) proves the
16π/9 coefficient from the field equations on that met-
ric and verifies energy-momentum conservation in the
isotropisation limit.

1. The planar wall ansatz and Hubble rates

We work on the planar-symmetric metric

ds2 = −dt2+a(t)2(dx2+dy2)+b(t, z)2 dz2, Ψ = Ψ0(t)+ψ(t, z),
(D1)

already used in Appendix C 3. Define H⊥ ≡ ȧ/a (z-
independent perpendicular Hubble), K(t, z) ≡ ∂tb/b
(z-dependent parallel expansion), and µ(t, z) ≡ ∂zb/b
(anisotropy gradient). The bound-wall fixed point has
K = 0 (frozen thickness) and b→ 1.

2. Branch-A constraint and dynamical
isotropisation

Direct Christoffel computation on (D1) (verified in
F141 em conservation check.py) gives

R = −4Ḣ⊥ − 6H2
⊥ − 2∂tK − 2K2 − 6H⊥K. (D2)

The µ-dependent terms (spatial derivatives of b) cancel
identically between Rtt and Rzz, so the Branch-A con-
straint R = 0 reduces to a one-parameter ODE in t at
each z:

2Ḣ⊥ + ∂tK + 3H2
⊥ +K2 + 2H⊥K = 0. (D3)

This admits two fixed points inK: the bound-wallK = 0
branch, which gives a ∝ t2/3 (standard EdS matter-era),
and the unstable K = −2H⊥ branch corresponding to
collapsing thickness. Linear stability analysis around
K = 0 gives a decay rate ∼ H⊥ to the bound branch;
physical bound walls relax to this attractor, and the wall
therefore isotropises dynamically. This is not a Wilt-
shire import: the isotropisation is a stable consequence
of (D3).

3. Trace transport and the spatial Ψ profile

The trace of (2) on Branch A gives

□Ψ = − 8π
3 (1+f)ρ (dust, T = −ρ). (D4)
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On (D1),

□Ψ = −Ψ̈0−ψ̈−(2H⊥+K)(Ψ̇0+ψ̇)+(1/b2)(∂2zψ−µ∂zψ).
(D5)

The fast (spatially-varying) part of (D4), in the bound-
wall limit b → 1, µ → 0, gives the spatial Poisson equa-
tion

∂2zψ ≈ − 8π
3 (1+f)ρw (inside the wall, ρ ≈ ρw uniform),

(D6)
which derives the spatial-balance assumption made in
F12 rather than imposing it.

4. The isotropisation limit and the 16π/9 coefficient

Substituting the spatially-balanced ψ profile into the
(tt) component of (2) on the isotropic wall (K → 0, b→
1, H⊥ → Hw, a→ aw):

Ψ0(−3H2
w)− 3HwΨ̇0 − 8π

3 (1+f)ρ = −8π(1+f)ρ,
(D7)

∴ 3Ψ0H
2
w + 3HwΨ̇0 = 16π

3 (1+f)ρ.
(D8)

Dividing by 3Ψ0 and dropping the Ψ̇0/Ψ0 term (bounded
at ∼ 10−7H0 per LLR; F121),

H2
w =

16π

9

(1 + f)ρb
Ψ0

≡ (34). (D9)

Bookkeeping of the coefficient. The 16π/9 traces
to the partition

8π(1+f)ρ︸ ︷︷ ︸
full (tt) source

− 8π
3 (1+f)ρ︸ ︷︷ ︸

absorbed by ∂2
zψ via (D6)

= 16π
3 (1+f)ρ︸ ︷︷ ︸

residual on (tt) RHS

,

(D10)
divided by the 3Ψ0 prefactor of Gtt in the FRW limit.
The spatial Ψ profile ψ(z) absorbs 1/3 of the gravita-
tional source pointwise; the residual 2/3 drives H2

w ex-
pansion.

5. Energy-momentum conservation: explicit
no-leak check

The Noether identity for the diffeomorphism-invariant
matter action Sm =

∫√
−g (1+f)Lm gives

∇µT eff
µν = 0 identically (D11)

on any matter configuration. For the uniform-f scope of
the wall Friedmann derivation (∆f

µν = 0, Sec. II), (D11)
reduces to ∇µ[(1+f)Tµν ] = 0, which on (D1) for dust
gives the continuity equation

ρ̇+ (2H⊥ +K)ρ = 0. (D12)

In the isotropic limit K → H⊥ → Hw, this deforms con-
tinuously to

ρ̇+ 3Hwρ = 0 =⇒ ρ ∝ a−3
w . (D13)

The dilution-rate coefficient (2H⊥+K) → 3Hw smoothly
as the wall isotropises; no terms are dropped or absorbed
in the limit, no leak terms appear, and the coefficient of
ρ̇ remains exactly 1 throughout. The Noether identity
(D11) holds at every K in the transient. The full sym-
bolic verification in F141 em conservation check.py
confirms (D12) as the divergence of (1+f)Tµν on (D1)
and (D13) as its K → H⊥ limit.

6. Buchert cross-check: the 2/3 factor’s origin

Standard Buchert averaging [20] for dust on a generic
spatially-foliated spacetime gives

3 (ȧD/aD)
2 = 8πG⟨ρ⟩D − 1

2 ⟨R⟩D − 1
2QD, (D14)

with QD the kinematic backreaction and R the spatial
Ricci. For ISST Branch A with bound-wall fixed point,
⟨R⟩D = 0 (Branch A pointwise) and QD = 0 (uniform
expansion at the fixed point), so (D14) reduces to 3H2

w =
8πG⟨ρ⟩w, giving the standard 8π/3 = 24π/9 coefficient.
ISST’s 16π/9 = (8π/3) × (2/3) differs by exactly the

2/3 factor identified in (D10). The standard Buchert
framework does not include the Ψ-Lagrange-multiplier
sector—it assumes Einstein gravityGµν = 8πTµν . ISST’s
modification is the additional Ψ transport equation (D4),
which absorbs 1/3 of the gravitational source into the
spatial profile ψ(z). The effective Buchert coefficient be-
comes 8π/3× 2/3 = 16π/9.
This is not a coincidence with the Wiltshire two-

domain parameterisation. Wiltshire’s wall Friedmann
uses standard GR and identifies the dust density as the
cosmological matter density ρm. Identifying (1+f)ρb ≡
ρm via A04, ISST’s HISST

w =
√
2/3HWI

w . The 2/3 rescal-
ing propagates through the Wiltshire dressing R(fv0) =
1.2825 to give the H0 predictions of Sec. VIC self-
consistently; the coefficient invariance result of F12.INV
confirms R depends only on fv0, not on the wall coeffi-
cient.

7. Coordinate-independence

The 16π/9 coefficient relates two observer-frame
scalars (H2

w and ρb). The derivation in §C.4 used
the synchronous gauge (D1). Conformal-gauge (ds2 =
a2(η)(−dη2 + dx⃗2)) and harmonic-gauge (□xµ = 0) re-
derivations give the same coefficient by construction: the
F01 field equation (2) is generally covariant, so its (tt)-
projection on the wall solution yields a gauge-invariant
scalar relation between H2

w and ρb/Ψ0. The bookkeeping
(D10) is gauge-independent because each step uses only
the trace of (2) and the spatial Poisson (D6), both of
which are scalar equations.
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8. Status

The 16π/9 coefficient in (34) is upgraded from
[demonstrated] to [proven] by this appendix:

• The pointwise R = 0 wall metric admits the bound-
wall fixed point as a stable attractor of (D3) (no
Wiltshire isotropisation import).

• The trace transport (D4) on Branch A gives the
spatial Ψ profile (D6) that absorbs 1/3 of the
source.

• The (tt) projection in the isotropic limit gives (D9)
with coefficient 16π/9.

• Noether identity (D11) guarantees energy-
momentum conservation at every K; the continu-
ity equation (D12)–(D13) deforms continuously
without leak terms.

• The 2/3 factor relative to standard Buchert is the
explicit fraction of the source absorbed by Ψ trans-
port, traced through (D10).

• Coordinate-independence holds by general covari-
ance of (2).

Appendix E: H0 frame artefact: bare-to-dressed
pipeline

This appendix expands Sec. VIC with the full alge-
braic chain from the bare two-domain background to the
values a wall observer fitting a ΛCDM template recov-
ers under the SH0ES local-distance-ladder and Planck
CMB-template anchors.

1. The three frames and their relations

On the matter-dominated two-domain Buchert aver-
age [22, 23], the bare scale factor ā(t) and the wall scale
factor aw(τ) are related through the lapse γw(τ) ≡ dt/dτ
by the volume constraint

ā3 = fw a
3
w + fv a

3
v, (E1)

where fw, fv = 1 − fw are the wall and void volume
fractions. The void scale factor is Milne, av(τ) ∝ τ .
Differentiating and re-expressing in the wall proper time,
the present-epoch tracker solution gives the relation

R(fv) ≡ Hdressed
0

Hbare
0

=
4f2v + fv + 4

2(2 + fv)
, (E2)

derived as Eq. (25) of Wiltshire [24] (and verified inde-
pendently in F26). The lapse itself satisfies

γ0 =
1

2

[
1 + 1

2fv0 +
√
1 + fv0 +

9
4f

2
v0

]
, (E3)

reading γ0 = 1.348 at fv0 = 0.695 (Duley et al. best
fit) and γ0 = 1.380 at fv0 = 0.762 (ISST commit). The
density dressing relation is

Ωdressed
m = γ30 Ω

bare
m , (E4)

distinct from R and not equal to R3. Conflating γ0 with
R has caused order-unity errors in earlier ISST drafts
and is flagged explicitly here.

2. ISST-native bare H0

A model-independent input from the CMB acoustic
angle and sound horizon gives the comoving angular-
diameter distance to the last-scattering surface

Dcom
A (z∗) = rs/θ∗ = 14130.8 Mpc, (E5)

using rs = 147.09 Mpc and θ∗ = 1.04092 × 10−2

(Planck [29] primaries). This is independent of ΛCDM.
Integrating the Wiltshire two-domain tracker forward
from z∗ = 1089 to z = 0 with the ISST-committed pa-
rameters fv0 = 0.762 and Ωbh

2 = 0.02237, requiring the
integrated comoving distance to match Dcom

A (z∗), fixes

HISST,bare
0 = 57.56 km s−1 Mpc−1. (E6)

This is ∼ 15% above the Wiltshire-implied bare value
(∼ 50.1 km/s/Mpc; Duley et al. [25]), reflecting ISST’s
larger fv0 commitment and the no-Λ closure. No phe-
nomenological fit was performed; the Planck primaries
plus the ISST tracker plus fv0 uniquely determine (E6)
(script working/isst bare h0 from cmb.py).

3. Uniform-f dressed value at fv0 = 0.762

Applying (E2) at fv0 = 0.762:

R(0.762) =
4 (0.762)2 + 0.762 + 4

2 (2.762)
=

2.323 + 0.762 + 4

5.524
= 1.2825.

(E7)
The corresponding dressed value is

Hdressed,uniform−f
0 = 1.2825×57.56 = 73.82 km s−1 Mpc−1.

(E8)
This number is the diagnostic uniform-f tracker output,
not the ISST commit. It evaluates close to but not equal
to the SH0ES central value 73.04 km/s/Mpc. The ISST
commit replaces this with the Kenv-corrected closure de-
scribed next.

4. Kenv-corrected dressed value: 61.79

The uniform-f tracker neglects the environment-
dependent re-weighting that ISST’s χw(z) sigmoid
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(Sec. VID) introduces. Defining the environmental
rescaling

Kenv =
(
Huniform/Hphen

)2
, (E9)

the F61 closure on the Sheth–van de Weygaert two-
barrier abundance gives Kenv = 1.484. The corrected
dressed value is [25, 26]

HISST,dressed
0 = Hdressed,uniform−f

0 /
√
Kenv = 73.82/

√
1.484 = 60.61,

(E10)
and a small additional retemplating from the wall
Ψ̇/(HΨ) correction shifts this to the committed
61.79 km/s/Mpc reported in (38). The full T3k closure
is reproduced numerically (F26a, F61) and matches phe-
nomenological best fit [26] to within 0.02 km/s/Mpc.

5. Wall-observer template recoveries

A wall observer fitting ISST’s two-domain dL(z) with a
ΛCDM template recovers different H0 depending on the
anchoring. The F85 forward pipeline computes both:

Planck-template recovery. Anchor (Ωm,Ωbh
2, θ∗)

to Planck values; minimise χ2 on a synthetic ISST Cℓ via
the effective (w0, wa) proxy of Sec. VIG. The recovered
H0 is

HPlanck−template
0 = 62.8 km s−1 Mpc−1. (E11)

Observed Planck value: 67.4. Pipeline residual −7%.
SH0ES-ladder recovery. Anchor MB on a

Cepheid+SN distance ladder calibrated by ISST dL(z)
in z ∈ [0.023, 0.15], then fit ΛCDM(Ωm = 0.315) to the
ladder-output dL. The recovered H0 is

HSH0ES−ladder
0 = 70.6 km s−1 Mpc−1. (E12)

Observed SH0ES value: 73.04. Pipeline residual −3.4%.
Pipeline-internal spread. The ISST pipeline pro-

duces (E11) and (E12) from a single underlying cosmol-
ogy (the same two-domain background with the same
fv0 = 0.762 commit). The spread

∆Hpipeline
0 = 70.6− 62.8 = 7.8 km s−1 Mpc−1 (E13)

reproduces the observed Hubble tension structure
∆Hobs

0 = 73.04 − 67.4 = 5.6 km/s/Mpc with the cor-
rect sign and within ∼ 40% on magnitude. The literal
recovery of 73.0 and 67.4 is not achieved: the SH0ES-side
pipeline output is −3.4% low, the Planck-side −7% low.
These residuals reflect (a) the effective (w0, wa) proxy
used in the Boltzmann run instead of full Wiltshire H(z)
at recombination (a +76% divergence at z = 1090, F140;
see Sec. VIG); and (b) the absence of photon-path av-
eraging in the SH0ES ladder pipeline (an ISST-specific
correction not yet built; F85 §6).

Conclusion. The Hubble tension is reproduced as a
pipeline artefact between Planck-template and SH0ES-
ladder recoveries of the same ISST cosmology, not as

a tension between data sets. Literal closure of both
observed values within 1% requires the photon-path-
corrected SH0ES pipeline and the full Wiltshire Cℓ, both
[open]; the structure is reproduced already.

Appendix F: Audit summary and result inventory

The retroactive audit (2026-04-25) classifies all 88 au-
dited results:

TABLE IV. Audit classification.

Class Count Action

GREEN 60 no action; load-bearing

YELLOW 19 note context predicate in writeup

ORANGE 0 all 9 re-derived clean; promoted GREEN

RED 6 retracted or superseded

BLACK 3 retracted; halo-ontology imports

The RED list (Sec. VIIID): F32–F34 (used FRW
background; superseded by F82/F89), F69 (GR Poisson
source), F70 (Shore-Johnson additivity fails), F76 (f(R)
metric equivalence inapplicable), F77 (chameleon screen-
ing requires V(Ψ); F01 has none), F112/F113/F114
(FRW contamination; superseded by F95).
The BLACK list (Sec. VIIID): F65, F66, F68; all halo

ontology imports.
The ORANGE→GREEN promotions (F02, F09,

F82, F87, F106, F110, F112a, F113a, and the
legacy isst growth.py) re-derived each result
through an [allowed] or ISST-native framework
in working/rederivations/.

Appendix G: Suggested figures

We list, but do not include here, the figures we recom-
mend for the referee version:

1. Branch-A vs. Branch-B map: which scales live in
which branch, with the surface Σ between them.

2. Rotation-curve grid: ISST v8 vs. MOND vs. New-
ton on a representative SPARC galaxy each from
dwarf, LSB, late-type spiral, and early-type spiral
classes.

3. BTFR scatter: ISST v8 prediction versus observed
slope 1.0± 0.1.

4. fσ8(z) comparison: ISST F89 band, ΛCDM band,
and the eight current RSD measurements with er-
rorbars.

5. Bullet κ schematic: Σ⋆, Σgas, (1+fs) enhancement
at the main and sub-cluster peaks.
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6. Parameter-vs-derived table: ΛCDM 6 free param-
eters versus ISST fprim + initial conditions.

7. Passport compatibility matrix: ALLOWED /
CONDITIONAL / DENIED verdicts for the 12
frameworks the paper’s results depend on.

Appendix H: Static-fluid theorem: physical
inadmissibility of Branch A perfect fluids

This appendix gives the explicit derivation of the
static-fluid theorem (informally, “F08”) invoked through-
out the body for PPN γ = β = 1 (Sec. III), cGW = c via
Branch B selection of compact binaries (Sec. VII), the

LLR Ġ/G bound (Sec. III), the rotating-NS extension
(Sec. III), and the DF2 / TDG predictions (Sec. IVE).
The result: any static spherically symmetric isotropic
perfect fluid on Branch A is forced to have Pc = 0 and
P ′′(0) < 0, hence P (r) < 0 at small radius, regardless of
the equation of state. No physical fluid with P ≥ 0 and
dP/dρ > 0 admits this profile; physical static sources are
forced into Branch B, where the field equation reduces to
exact GR with Geff = (1 + f)/Ψ0.

1. Setup

Work in natural units 8πG = 1. Take a static spheri-
cally symmetric metric

ds2 = −e2Φ(r)dt2 +A(r)−1dr2 + r2dΩ2, A = e−2Λ,
(H1)

with perfect-fluid matter of density ρ0 at the centre, pres-
sure P (r), and constant interior f = f⋆ ≥ 0. Regular-
ity at r = 0 requires A(0) = 1, Φ′(0) = 0, Ψ′(0) = 0,
f ′(0) = 0. Expand

A = 1 + a2r
2 + a4r

4 +O(r6), (H2)

Φ = Φc +
1
2Φ2r

2 + 1
24Φ4r

4 +O(r6), (H3)

Ψ = Ψc +
1
2ψ2r

2 + 1
24ψ4r

4 +O(r6), (H4)

P = Pc +
1
2P2r

2 +O(r4). (H5)

2. Leading-order coefficients

Imposing the Branch-A constraint R = 0, the trace
transport □Ψ = 1

3 (1 + f⋆)T with T = −ρ0 + 3P , the
(tt) field equation, and the origin-consistency of (rr) and
(θθ) yields

Φ2 = −a2 = 2(1+f⋆)ρ0
9Ψc

(from R = 0 and (tt)), (H6)

ψ2 = − (1+f⋆)ρ0
9 (transport), (H7)

Pc = 0 (origin consistency). (H8)

The vanishing of Pc is not assumed; it is forced uniquely
by the requirement that the algebraic pressure relation

P (r) = Ψ
A− 1

r2
+

2A

r

(
ΨΦ′ +Ψ′)+AΦ′ Ψ′ (H9)

gives a finite consistent value at r = 0. The transport
equation combined with the (rr) field equation collapses
to (H9) with no Φ′′ or Ψ′′ appearing; the (θθ) equation,
after use of the same transport and the constraint R =
0, reduces to the same relation. Pressure is therefore
algebraically determined by the metric state.
Explicit derivation of Pc = 0. Substituting the regular-

centre expansions into (H9) and collecting O(1) terms,

Pc = Ψc a2 + 2Ψc Φ2 + 2ψ2. (H10)

With Φ2 = −a2 (R = 0), a2 = −2(1+f⋆)ρ0/(9Ψc) ((tt)),
and ψ2 = −(1 + f⋆)ρ0/9 (transport),

Pc = Ψca2 − 2Ψca2 + 2ψ2 = 2(1+f⋆)ρ0
9 − 2(1+f⋆)ρ0

9 = 0.
(H11)

The cancellation is algebraic: the (tt) a2 and the trans-
port ψ2 enter with opposite signs and the R = 0 iden-
tity Φ2 = −a2 doubles the a2 contribution to produce
the cancellation. The (1 + f⋆) factor enters every term
uniformly and does not affect the cancellation; the same
algebra with f⋆ = 0 (ordinary GR with Branch-A R = 0)
equally gives Pc = 0.

3. Next-order coefficients and physical
inadmissibility

At O(r2), self-consistency of (rr) gives

P2 = −2(1 + f⋆)ρ
2
0

9Ψc
< 0, (H12)

and substitution confirms (θθ) yields the same value. Hy-
drostatic equilibrium P ′ = −(ρ0 + P )Φ′ at leading order
requires P2 = ρ0a2, which with a2 = −2(1+ f⋆)ρ0/(9Ψc)
reproduces (H12) exactly — equilibrium is automatic by
the Bianchi identity.
Theorem (physical inadmissibility). For any

static spherically symmetric isotropic perfect-fluid source
in Branch A with regular centre, constant interior f =
f⋆ ≥ 0, and ρ0 = ρ(0) > 0:

P (0) = 0, P ′′(0) = P2 = −2(1 + f⋆)ρ
2
0

9Ψc
< 0. (H13)

The pressure therefore takes negative values at all suf-
ficiently small r > 0. No matter obeying a thermo-
dynamic equation of state P = P (ρ) with P ≥ 0 and
dP/dρ > 0 admits this profile. Branch A has no static
spherically symmetric isotropic-fluid solution describing
ordinary self-gravitating matter, regardless of the density
profile ρ(r) (extension to ρ(r) with ρ2 varying gives the
same Pc, P2 by Bianchi-redundancy in the higher-order
coefficients).
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Corollary (the static-fluid theorem). Every static
spherically symmetric source of ordinary matter (baryons
obeying a physical EOS) is in Branch B, with Ψ = Ψc
constant throughout the interior. Junction continuity at
the stellar surface with the vacuum exterior Ψ = Ψ0 +
D/r forces D = 0: Ψ = Ψ0 identically in the exterior.
The PPN parameters satisfy γ = β = 1 exactly by the
Branch-B reduction Ψ0Gµν = 8π(1 + f)Tµν , which is
exact GR with Geff = (1 + f)/Ψ0.

4. Scope

The theorem assumes (i) static spherical symmetry,
(ii) regular centre, (iii) isotropic perfect-fluid matter with
a single scalar pressure P (ρ). Anisotropic stress (e.g.
a strange-quark crust with Pr ̸= Pt) falls outside the
origin-consistency forcing of Pc = 0 and is not covered
here. Slowly rotating configurations are reduced to the
static case at O(Ω0) (Sec. III); rapidly rotating equilib-
ria invoke the generalised stationary-equilibrium branch-
selection rule (df/dτ = 0 in the matter rest frame), not
this theorem directly. Constant-f⋆ extension to radially
varying f(r) with f ′(0) = 0 is conjectured to follow from
the same Bianchi-redundancy structure; the extension is
not load-bearing for the body’s PPN, cGW, LLR, and
rotating-NS results, which use only the f = f⋆ statement
of the theorem.

5. Numerical confirmation

A full-GR shooter (paper/branch a shooter v3.py)
integrates the Branch-A system with state
{Φ,Φ′, A,Ψ,Ψ′} from r0 = 10−4 to rmax = 3 in
natural units, with DOP853 at relative tolerance
10−11. A density scan over ρ0 ∈ {0.1, 0.3, 1, 3, 10},
a Ψc scan over {0.3, 1, 3, 10}, and an f⋆ scan over
{0, 1, 5, 5.4, 20} reproduce the parametric prediction
P2 = −2(1+f⋆)ρ

2
0/(9Ψc) to 0.7% at f⋆ = 20 and 0.2% at

f⋆ = 5.4. Consistency residuals |Prr−Pθθ|/|Prr| ∼ 10−12

and emergent |R| ∼ 10−10 hold across the full scan.
Numerical confirmation is therefore complete at the level
of the constant-f⋆ ODE system; the analytical theorem
above is the load-bearing statement.

Appendix I: ADM constraint analysis:
degree-of-freedom count

This appendix gives the explicit ADM (Arnowitt–
Deser–Misner) constraint analysis of (1) that underpins
the body’s “two tensor modes, no propagating scalar”
claim and the resulting predictions cGW = c structurally
(Sec. VII), no fifth force at the propagating-scalar level
(Sec. III B), no scalar dipole radiation in binary inspi-
rals (Sec. VII), and the Branch-theorem’s identification
of Ψ as a Lagrange multiplier (Sec. II B). The result is

internal to the project; external verification, with explicit
reference to the mimetic-DOF analyses of Barvinsky,
Capela–Ramazanov, and the Firouzjahi–Gorji–Mansoori
sequence ([99–102]), is identified as a methodological pri-
ority (Sec. X).

1. ADM variables and Lagrangian density

Standard 3 + 1 decomposition gives lapse N , shift N i,
spatial metric hij , with conjugate momenta πN , πi, π

ij ;
plus the scalar pair (Ψ, πΨ). Per spatial point, 11 config-
uration variables and 22 phase-space variables.
Using the Gauss–Codazzi decomposition R =

R(3) + (KijK
ij − K2) + total derivatives with Kij =

(2N)−1(ḣij−∇iNj−∇jNi), the F01 gravity Lagrangian
density is

Lgrav =
1

16π
N
√
hΨ

[
R(3)+(KijK

ij−K2)
]
+(total derivatives).

(I1)
Key observation. Ψ appears linearly multiplying the

ADM density; Ψ̇ does not appear anywhere in L, because
R(3) contains only hij and spatial derivatives, (KijK

ij −
K2) contains ḣij but not Ψ̇, and the total-derivative term

∂t(
√
hΨK) is dropped from the bulk Lagrangian. The

matter Lagrangian (1 + f)Lm contains no Ψ at all (f
is a matter-only functional of the distribution function
F (x, p)). Hence the full F01 Lagrangian density has no

Ψ̇ dependence.

2. Primary constraints

The momentum conjugate to Ψ is therefore

πΨ ≡ ∂L/∂Ψ̇ = 0 identically, (I2)

a primary constraint in the Dirac sense and the hallmark
signature of a Lagrange multiplier. Together with the
standard GR primaries πN = 0, πi = 0, the F01 system
has 5 primary constraints.
Cross-check vs. Brans–Dicke ω = 0. BD grav-

ity with ω = 0 has the action SBD = (16π)−1
∫√

−gΨR
(no kinetic term in the ω → 0 limit). The F01 grav-
ity sector is this case (modulo the (1 + f) matter cou-
pling); the matter-side coupling is what distinguishes
ISST. The Chiba f(R) ↔BD equivalence specialised
to f(R) = R is the degenerate Einstein-Hilbert-with-
prescribed-coupling case, which is exactly F01 without
V (Ψ).

3. Hamiltonian and secondary constraints

The total Hamiltonian (modulo boundary terms) is

H =

∫
d3x [NH⊥+N iHi+uNπN+uiπi+uΨπΨ ], (I3)
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with H⊥ = h−1/2πij(πij− 1
2πhij)/Ψ+(

√
h/16π)ΨR(3)+

matter and Hi = −2∇jπ
j
i +matter flux.

Consistency of the primary constraints generates

π̇N = {πN , H} ≈ −H⊥ ⇒ H⊥ = 0 (secondary, GR scalar)
(I4)

π̇i = {πi, H} ≈ −Hi ⇒ Hi = 0 (secondary, GR vector)
(I5)

π̇Ψ = {πΨ, H} ≈ −δH/δΨ. (I6)

Collecting all Ψ-derivative terms of H and demanding
they vanish is algebraically equivalent to the trace of the
F01 metric field equation,

−ΨR+ 3□Ψ = 8πTeff , (I7)

which on Branch A (R = 0, with ∇Ψ ̸= 0) reduces to

□Ψ = 8π
3 (1 + f)T. (I8)

This is the trace-determined evolution of Ψ: Ψ prop-
agates as a sourced second-order PDE but does so as
a constraint determined by matter, not as an indepen-
dent dynamical field with its own variational equation.
In Hamiltonian language, the secondary constraint from
π̇Ψ = 0 is R = 0 (Branch A); Ψ’s evolution is then fixed
point-by-point by the trace identity.

4. Constraint classification and DOF count

The pair (πΨ, R = 0) is first-class: {πΨ(x), R(y)} =
−∂R(y)/∂Ψ(x) = 0 because R contains no Ψ (the grav-
ity action is ΨR, so R itself is a metric-only func-
tional). With R = R[g, πg] and Lm = Lm[g, χi] both
Ψ-independent, δR/δΨ = 0 identically, hence the Pois-
son bracket vanishes weakly.

The first-class pair (πΨ, R = 0) generates the gauge
transformation δΨ = ε(x), δgij = 0, δπij = 0,
δ(matter) = 0 on the constraint surface. This is the
formal statement that Ψ is pure gauge modulo the R = 0
slice — only its gradient appears in observables, through
□Ψ and ∇µ∇νΨ in the metric field equation.

The full constraint count is:

• First-class: 8 (GR diffeomorphism: πN = 0, H⊥ =
0, πi = 0, Hi = 0, ×2) plus 1 from (πΨ, R = 0)
taken as a first-class pair — total 9.

• Second-class: 0.

By the Dirac formula DOFconfig = (Nphase − 2N1C −
N2C)/2 = (22− 18− 0)/2 = 2.

F01 has two propagating degrees of freedom:
the two graviton polarisations of GR, no propa-
gating scalar mode.

5. Distinction from mimetic gravity

The mimetic-gravity DOF controversy is the natural
concern raised by F01’s structural similarity to mimetic
gravity [89]. In mimetic gravity, a Lagrange multiplier
λ enforces gµν∂µϕ∂νϕ = −1 on the scalar ϕ. This con-
straint forces ϕ to play the role of a clock-like coordinate
and produces a propagating dust-like mode whose kinetic
structure has been analysed by Barvinsky [99], Capela–
Ramazanov [100], and the Firouzjahi–Gorji–Mansoori se-
quence [101, 102]; several authors argue that the con-
straint creates a hidden propagating degree of freedom
with non-trivial dispersion in the caustic regime.
The F01 action does not contain this constraint. No

Lagrange multiplier λ enforcing a derivative condition on
Ψ appears in (1), and ∇Ψ is not constrained to be time-
like unit. The trace identity □Ψ = (8π/3)(1 + f)T that
emerges from π̇Ψ = 0 does not impose a kinematic condi-
tion on ∇Ψ analogous to mimetic’s gµν∂µϕ∂νϕ = −1; it
is a Poisson-type sourced equation determining Ψ’s gra-
dient in terms of matter, with no preferred-frame struc-
ture on Ψ. The mimetic-dust hidden-mode mechanism
therefore does not directly transfer to F01.
Open: external verification. The internal ADM

count above is consistent with the no-propagating-
scalar reading of the F01 action and structurally dis-
tinct from the mimetic constraint. However, given
the mimetic-DOF literature’s history of subtle hidden
modes in apparently constrained systems, an indepen-
dent ADM/Hamiltonian-constraint analysis by an exter-
nal group — with explicit cross-comparison against the
cited mimetic literature — is required to close the DOF
question to the level a hostile referee would demand. This
external verification is identified as a methodological pri-
ority (Sec. X).

6. What the trace-determined evolution does and
does not mean

The trace equation □Ψ = (8π/3)(1 + f)T is a second-
order PDE in Ψ. It is sourced by matter. In the
PDE sense, Ψ propagates: hyperbolic equations on a
Lorentzian background admit characteristic propagation
along null cones. The phrase “non-dynamical Ψ” is mis-
leading at the PDE level and is replaced throughout
the paper by “trace-determined,” “metrically slaved,” or
“constraint-propagated” (Sec. II B).
What is true is the variational statement: Ψ is not

independently extremised in the action — there is no
δS/δΨ = 0 EOM. Its evolution is entirely determined
by the metric and matter equations through the trace
constraint. Whether this constraint-propagation consti-
tutes an independent dynamical degree of freedom is a
Hamiltonian-constraint question (this appendix), not a
PDE-classification question on the trace equation. The
Hamiltonian answer above is that the (πΨ, R = 0) pair is
first-class, generating the gauge transformation δΨ = ε,
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and contributes zero propagating DOF.
The body’s “no fifth force” claim is therefore the nar-

row statement that no propagating-scalar-mediated fifth
force exists in F01: the Ψ sector contributes no propagat-
ing mode that could mediate a Yukawa-type interaction
between matter test particles. The (1 + f) rescaling of
the gravitational source is a matter-side coupling, not a

fifth-force mediator; it has no propagator and no finite
range. Conversely, the gradients of Ψ that do exist in
space and time — driven by matter sources via the trace
equation — do enter local observables (the LLR Ġ/G
prediction in Sec. III is exactly such an effect) through
boundary-condition drag on bound systems embedded in
an evolving cosmological background.

[1] C. Brans and R. H. Dicke, “Mach’s principle and a rel-
ativistic theory of gravitation,” Phys. Rev. 124, 925
(1961).

[2] J. O’Hanlon and B. O. J. Tupper, “Vacuum-field solu-
tions in the Brans–Dicke theory,” Nuovo Cim. B 7, 305
(1972).

[3] G. W. Horndeski, “Second-order scalar-tensor
field equations in a four-dimensional space,”
Int. J. Theor. Phys. 10, 363 (1974).

[4] Y. Fujii and K.-i. Maeda, The Scalar–Tensor Theory of
Gravitation (Cambridge Univ. Press, 2003).

[5] T. P. Sotiriou and V. Faraoni, “f(R) theories of grav-
ity,” Rev. Mod. Phys. 82, 451 (2010).

[6] G. J. Olmo, “The gravity Lagrangian according to So-
lar System experiments,” Phys. Rev. Lett. 95, 261102
(2005).

[7] C. M. Will, “The confrontation between general relativ-
ity and experiment,” Living Rev. Rel. 17, 4 (2014).

[8] T. Damour and G. Esposito-Farese, “Tensor-multi-
scalar theories of gravitation,” Class. Quant. Grav. 9,
2093 (1992).

[9] J. Khoury and A. Weltman, “Chameleon cosmology,”
Phys. Rev. D 69, 044026 (2004).

[10] J. E. Shore and R. W. Johnson, “Axiomatic derivation
of the principle of maximum entropy and the principle
of minimum cross-entropy,” IEEE Trans. Inf. Theory
26, 26 (1980).

[11] J. Aczél, Lectures on Functional Equations and Their
Applications (Academic Press, New York, 1966).

[12] E. T. Jaynes, “Information theory and statistical me-
chanics,” Phys. Rev. 106, 620 (1957).

[13] J. D. Bekenstein, “Relation between physical and grav-
itational geometry,” Phys. Rev. D 48, 3641 (1993).

[14] E. Verlinde, “On the origin of gravity and the laws of
Newton,” JHEP 04, 029 (2011) [arXiv:1001.0785].

[15] E. Verlinde, “Emergent gravity and the dark universe,”
SciPost Phys. 2, 016 (2017).

[16] T. Padmanabhan, “Thermodynamical aspects of grav-
ity: new insights,” Rep. Prog. Phys. 73, 046901 (2010)
[arXiv:0911.5004].

[17] S. Brailsford, F03–F08 Branch theorems, ISST reposi-
tory, foundations/02 branch theorem/ (2026).

[18] S. Brailsford, F-task ledger, ISST repository, MASTER.md
(2026).

[19] S. Brailsford and Lily, ISST companion site and live
Derivation Passport, https://lily-labs.co.uk/isst

(2026).
[20] T. Buchert, “On average properties of inhomogeneous

cosmologies,” Gen. Rel. Grav. 32, 105 (2000).
[21] T. Buchert and S. Räsänen, “Backreaction in late-time

cosmology,” Annu. Rev. Nucl. Part. Sci. 62, 57 (2012).
[22] D. L. Wiltshire, “Cosmic clocks, cosmic variance and

cosmic averages,” New J. Phys. 9, 377 (2007).
[23] D. L. Wiltshire, “Average observational quantities in

the timescape cosmology,” Phys. Rev. D 80, 123512
(2009).

[24] D. L. Wiltshire, “Exact solution to the averaging prob-
lem in cosmology,” Phys. Rev. Lett. 99, 251101 (2007).

[25] L. H. Dam, A. Heinesen and D. L. Wiltshire,
“Apparent cosmic acceleration from Type Ia super-
novae,” Mon. Not. Roy. Astron. Soc. 472, 835 (2017);
arXiv:1706.07236.

[26] M. A. Nazer and D. L. Wiltshire, “Cosmic microwave
background anisotropies in the timescape cosmology,”
Phys. Rev. D 91, 063519 (2015).

[27] A. Lewis and A. Challinor, “CAMB: Code for
Anisotropies in the Microwave Background,” Astro-
physics Source Code Library, ascl:1102.026 (2011);
A. Lewis, A. Challinor and A. Lasenby, “Efficient com-
putation of CMB anisotropies in closed FRW models,”
ApJ 538, 473 (2000).

[28] R. K. Sheth and R. van de Weygaert, “A hierarchy of
voids: much ado about nothing,” MNRAS 350, 517
(2004).

[29] Planck Collaboration, “Planck 2018 results. VI. Cosmo-
logical parameters,” A&A 641, A6 (2020).

[30] A. G. Riess et al., “A comprehensive measurement of the
local value of the Hubble constant with 1 km/s/Mpc
uncertainty from the Hubble Space Telescope and the
SH0ES team,” Astrophys. J. Lett. 934, L7 (2022).

[31] L. Verde, T. Treu and A. G. Riess, “Tensions between
the early and late universe,” Nature Astron. 3, 891
(2019).

[32] E. Di Valentino et al., “In the realm of the Hubble
tension—a review of solutions,” Class. Quant. Grav. 38,
153001 (2021).

[33] A. G. Adame et al. (DESI Collaboration), “DESI
2024 VI: Cosmological constraints from the measure-
ments of baryon acoustic oscillations,” arXiv:2404.03002
(2024).

[34] M. Abdul-Karim et al. (DESI Collaboration), “DESI
DR2 results II: Measurements of baryon acoustic os-
cillations and cosmological constraints,” Phys. Rev. D
112, 083515 (2025).

[35] C. Heymans et al., “KiDS-1000 cosmology: Multi-probe
weak gravitational lensing and spectroscopic galaxy
clustering constraints,” A&A 646, A140 (2021).

[36] DES Collaboration, “Dark Energy Survey Year 3 re-
sults: Cosmological constraints from galaxy clustering
and weak lensing,” Phys. Rev. D 105, 023520 (2022).

[37] S. More et al., “Hyper Suprime-Cam Year 3 results:
Cosmology from galaxy clustering and weak lensing,”
Phys. Rev. D 108, 123520 (2023).

[38] L. Amendola et al. (Euclid Theory Working Group),

Manuscript r2-43faf52 · 2026-04-26 33

https://lily-labs.co.uk/isst


“Cosmology and fundamental physics with the Euclid
satellite,” Living Rev. Rel. 21, 2 (2018).

[39] R. Laureijs et al. (Euclid Collaboration), “Euclid defi-
nition study report,” arXiv:1110.3193 (2011).

[40] F. Beutler et al., “The 6dF galaxy survey: z ≈ 0 mea-
surements of the growth rate and σ8,” MNRAS 423,
3430 (2012).

[41] C. Howlett et al., “2MTF VI. Measuring the velocity
power spectrum,” MNRAS 449, 848 (2015).

[42] S. Alam et al., “The clustering of galaxies in the com-
pleted SDSS-III Baryon Oscillation Spectroscopic Sur-
vey,” MNRAS 470, 2617 (2017).

[43] C. Blake et al., “The WiggleZ Dark Energy Survey:
joint measurements of the expansion and growth his-
tory at z < 1,” MNRAS 425, 405 (2012).

[44] A. Pezzotta et al., “The VIMOS public extragalactic
redshift survey: the growth of structure at 0.5 < z <
1.2,” A&A 604, A33 (2017).
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