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A matter-dominated contracting phase gives a local-type non-Gaussian amplitude f local
NL =

−35/16 = −2.1875 before the nonsingular transition. We derive this contraction-phase coefficient for
the stated ϵ = 3/2 background and cubic action by re-summing all four cubic vertices, re-expand the
result in the ordered symmetric basis, and obtain the unique coefficients (3, 1,−9, 5,−33, 9); indepen-
dent checks use Cai et al.’s order-grouped expressions and Li et al.’s general-cs formula. The result
corrects the unreproduced printed −35/8 literature value. For orientation only, and conditional
on faithful cubic-order transmission through a specified bounce completion, we map the published
Heinrich et al. SPHEREx multi-tracer bispectrum sensitivity through the exact shape. Its flat-grid
amplitude recovery is r = 0.8354 and shape cosine is rcos = 0.9817; the corresponding rounded
arithmetic map is 2.63σ before additional nuisance marginalization. A channel-native surrogate-
covariance check spans 3.5σ with nuisances fixed, 3.1σ after marginalizing the relativistic-projection
amplitude AGR, 2.3σ with an explicit 30% theory prior on the PNG bias-response coefficient bϕ,
and 0.4σ when bϕ is free. These values are illustrative conditional diagnostics, not an observational
headline, a new joint-covariance forecast, or a detection forecast. The primary contribution is the
exact contraction-phase amplitude derivation.

I. INTRODUCTION

Scope and conventions. The paper’s primary contri-
bution is an exact four-vertex contraction-phase ampli-
tude derivation. The observational numbers are illus-
trative conditional mappings, not a unified or indepen-
dent survey forecast. They map the published Hein-
rich et al. [1] σ(f local

NL ) ≈ 0.7 baseline through Eq. (8),
use the exact-shape overlap, and test nuisance sensitiv-
ity with an in-house surrogate covariance. The latter
does not replace the unpublished external per-triangle
covariance. Cubic transmission through the bounce is a
load-bearing model assumption: it is established at lin-
ear order for the specified completion, while the nonlinear
extension is motivated by single-clock conservation and is
not claimed here as a completed third-order calculation.
We therefore report conditional diagnostics, not a de-
rived measurement precision. Here r denotes amplitude
recovery, reff the survey-weighted recovery check, rcos the
shape cosine, and ρ a Fisher correlation. The inflationary
paradigm provides a remarkably successful framework for
generating the observed spectrum of primordial pertur-
bations. Standard single-field slow-roll inflation gives
a nearly scale-invariant, nearly Gaussian spectrum with
the conventional primordial squeezed-template coefficient
fNL ≈ (5/12)(1−ns) ≈ 0.015 from the Maldacena consis-
tency relation [2]. This global-template coefficient is not
by itself an independently observable scale-dependent-
bias signal: local-observer consistency-relation and pro-
jection treatments absorb the leading coordinate con-
tribution, leaving only slow-roll and projection residu-
als [3, 4]. We therefore use 0.015 only as a theory-
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normalization benchmark; the bounce-vs-inflation con-
trast remains |fbounce

NL | ≫ |f inf
NL| after the observable pro-

jection treatment.

Bouncing cosmology offers an alternative origin for pri-
mordial perturbations: modes exit the Hubble radius
during a contracting phase and re-enter after a nonsingu-
lar bounce. In particular, a matter-dominated contrac-
tion (w ≈ 0) produces a scale-invariant scalar spectrum
through the growth of the curvature perturbation ζ on
superhorizon scales [5, 6].

A distinctive pre-bounce result is the negative local
amplitude fNL = −35/16 = −2.1875 [7–9]. Appendix B
derives it from the exact four-vertex sum and documents
why the separately printed −35/8 is not reproduced. The
leading amplitude is fixed once the matter-contraction
background and cubic action are specified; quasi-dust
corrections remain model dependent. Applying this pre-
bounce amplitude to late-time observables additionally
requires faithful nonlinear transfer across the chosen non-
singular transition. That transfer is verified only at lin-
ear order in the cited Wilson–Ewing construction, so all
observational statements in this paper are explicitly con-
ditional on assumption (d) of Sec. II C. The result is not
asserted to be model independent across bounce com-
pletions, post-bounce inflationary histories, or fermion-
sourced torsion sectors. SPHEREx [10] can test local-
type non-Gaussianity through scale-dependent bias and
the galaxy bispectrum [1, 11]. We recast its published
local-template sensitivity onto the exact matter-bounce
shape, itemize the assumptions and nuisance dependence,
and keep the model-comparison exercise subordinate to
its prior dependence. A proposed future spectroscopic fa-
cility could provide a complementary test, but such pro-
jections are speculative and are not part of the headline
result.
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II. THE MATTER-BOUNCE BISPECTRUM
BENCHMARK

A. The Prediction

In a matter-dominated contracting universe with stan-
dard GR perturbation theory and Bunch-Davies vacuum,
the curvature perturbation ζ grows as |η|−3 on super-
horizon scales during contraction. The cubic interac-
tions, governed by the Maldacena action [2] specialized
to ϵ = 3/2, produce a bispectrum with shape function [7]:

AT (k1, k2, k3) =
3

256 k21k
2
2k

2
3

K9(k1, k2, k3) , (1)

where K9 ≡ K9(k1, k2, k3) is a degree-nine homogeneous
momentum polynomial, deliberately distinguished from
the power spectra Pζ(k) and PΦ(k). The configuration-
dependent nonlinearity amplitude, whose squeezed limit
is the local nonlinearity parameter, is:

BNL =
10

3

AT∑︁
i k

3
i

→ −35

16
as k1/k → 0 , (2)

where k ≡ k2 ≈ k3 denotes the hard-mode scale and
k1 ≪ k is the long mode. Here AT is the exact vertex-
sum shape. Appendix B documents the discrepancy be-
tween that sum and Cai et al.’s transcribed final polyno-
mial and shows why the separately stated −35/8 is not
reproduced. Every overlap and Fisher calculation below
uses the exact vertex-sum polynomial of Eq. (3), while
−35/16 agrees independently with Li et al. [8] at cs = 1.
Here

∑︁
i k

3
i ≡ k31 + k32 + k33, and BNL is dimensionless by

construction: K9 has degree nine, the prefactor of Eq. (1)
removes degree six, and the

∑︁
i k

3
i denominator removes

the remaining degree three. Note that BNL retains its
full dependence on the coefficients (c1, . . . , c6) through
K9 via AT ; no cancellation of K9 occurs between Eqs. (1)
and (2).

We evaluate the vertex-consistent shape in the ordered
symmetric degree-nine basis. At first use,

∑︁
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the six ordered pairs and
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The coefficient vector is therefore uniquely

(c1, c2, c3, c4, c5, c6) = (3, 1,−9, 5,−33, 9). (4)

This is a re-expansion of the exact sum of all four cubic
vertices, not a fit to three benchmark configurations. In
particular, the ordered (5, 2, 2) orbit has six index per-
mutations but only three distinct monomials because the
two exponent-2 factors are identical. Each distinct mono-
mial appears twice, so the ordered-basis coefficient −33

expands to coefficient −66 on each distinct (5, 2, 2) mono-
mial. The earlier three-benchmark fit mistook this book-
keeping redundancy for a physical coefficient uncertainty;
no such uncertainty is propagated here.

On the fixed 23,098-triangle ratio grid, the exact shape
gives amplitude recovery r = 0.83542294 and shape co-
sine rcos = 0.98167825 against the local template. The
exact benchmark values are BNL = −35/16 (squeezed),
−255/128 (equilateral), and −9/8 (folded). The adopted
noise-weighted recast convention r = 0.84 ± 0.02 is
unchanged because the exact flat-grid value lies inside
that weighting-scheme interval; the interval describes
estimator-weight variation, not uncertainty in the poly-
nomial coefficients. The local/equilateral/orthogonal de-
composition and the independent C13–C15 Fisher checks
are regenerated from Eq. (4).

FIG. 1. Exact four-vertex matter-bounce shape
BNL(kL, kS , kS) as a function of squeeze ratio. The curve is
evaluated directly from Eq. (3) and approaches −35/16; the
marker identifies the equilateral value −255/128.

Configuration Exact BNL

Squeezed (k1 → 0) −35/16 = −2.1875
Equilateral (k1 = k2 = k3) −255/128 = −1.9922
Folded (k1=2k2=2k3)

a −9/8 = −1.125

TABLE I. Confirmation of the matter-bounce shape function
at three benchmark momentum configurations, quoted at the
corrected amplitude f local

NL = −35/16 (Appendix B): the values
are exactly one-half the amplitudes published in Cai et al. [7]
(−35/8, −255/64, −9/4), whose transcribed printed polyno-
mial carries a −(99/128)

∑︁
i k

3
i discrepancy relative to the

exact vertex sum (Appendix B), and agree with the general-
cs result of Li et al. [8] at cs = 1. aThe folded row sits on
the degenerate boundary k1 = k2+k3 and is evaluated as the
limit of the sequence k1 = 2k, k2 = k3 = k.
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B. Contraction-Phase Coefficient and the
Cubic-Transfer Gate

The exact −35/16 coefficient is a contraction-phase re-
sult under: (a) matter-dominated contraction (w ≈ 0,
ϵ ≈ 3/2), (b) the stated standard-GR cubic action during
contraction, and (c) Bunch–Davies vacuum initial con-
ditions. It is not asserted to be independent of a UV
completion. Relating that coefficient to a late-time ob-
servable additionally requires faithful third-order trans-
fer through a specified nonsingular transition (assump-
tion (d), Sec. II C); only linear transfer is verified for the
cited Wilson–Ewing construction [12]. Thus the alge-
braic coefficient and the cubic-transfer gate are separate
claims: the first is certified here, while the second remains
a completion-dependent condition.

C. Assumptions

The contraction-phase amplitude and the observa-
tional recast require distinct assumptions. The ampli-
tude calculation assumes: (a) matter domination, w = 0
and ϵ = 3/2; (b) standard GR perturbation theory dur-
ing contraction; and (c) Bunch–Davies initial conditions.
The recast additionally assumes: (d) faithful transmis-
sion of the bispectrum through the nonsingular transi-
tion; (e) no prolonged post-bounce inflation that erases
the signal; and (f) negligible fermion-sourced torsion dur-
ing contraction and the bounce.

Assumption (d) is the load-bearing limitation. Wilson-
Ewing [12] establishes linear propagation for the speci-
fied effective LQC construction. Single-clock separate-
universe reasoning makes small nonlinear corrections
plausible for deeply superhorizon modes, but it does not
substitute for an explicit third-order evolution through
the bounce, particularly across quantization schemes
with different effective sound speeds. We therefore do
not claim a closed cubic-transfer theorem or a derived
numerical bound. Every late-time sensitivity in this pa-
per is conditional on faithful cubic transmission; a direct
numerical cubic calculation is required to promote that
condition to a prediction of the full bounce model.

Quasi-dust corrections are also kept separate from the
exact matter-limit polynomial. Existing scaling argu-
ments suggest percent-level changes, but their coeffi-
cient requires evaluating the four cubic integrals with the
quasi-dust mode functions. Likewise, assumption (f) is
automatic only in the scalar-only sector; models with ap-
preciable fermion populations require an explicit bound
on the Einstein–Cartan four-fermion operator. These
limitations affect model applicability, not the algebraic
uniqueness of Eq. (4).

D. The Viable Model

The Wilson-Ewing ΛCDM quasi-dust model [12] sup-
plies one concrete setting for the conditional recast:
w = −0.003 fits ns ≃ 0.964, and the construction reports
strong tensor suppression. The exact contraction-phase
cubic amplitude is fNL = −35/16 at the matter limit,
with quasi-dust corrections and nonlinear bounce trans-
mission kept as separate theoretical systematics. We do
not elevate this package to a complete fit or a model-
independent forecast.

III. OBSERVABLE MAPPING TO
LARGE-SCALE STRUCTURE

A. Scale-Dependent Bias

The primordial and late-time conventions are con-
nected explicitly. We define ζ = ζg+(3/5)fNL(ζ

2
g −⟨ζ2g ⟩),

hence Bloc
ζ = (6/5)fNL[PζPζ + cyc.]. During matter

domination Φ = (3/5)ζ, so PΦ = (3/5)2Pζ and Bloc
Φ =

2fNL[PΦPΦ + cyc.]. The same dimensionless fNL there-
fore enters the large-scale-structure kernel below; no ad-
ditional factor of 3/5 is applied.
Primordial local non-Gaussianity induces a scale-

dependent correction to galaxy bias [11, 13]:

∆b(k, z) =
fNL bϕ
M(k, z)

, (5)

bUMF
ϕ = 2 δc (b1 − 1) . (6)

The second line is the universal-mass-function specializa-
tion used by the numerical surrogate; substituting it in
the first line recovers ∆b = 2fNL(b1−1)δc/M. More gen-
eral tracer responses can instead keep bϕ free, as in the
final row of Table III. The Poisson–Newtonian transfer
kernel is

M(k, z) =
2 k2 T (k)D(z)

3Ωm H2
0

, (7)

where T (k) is the matter transfer function (normalized
to T (k) → 1 as k → 0), D(z) is the linear growth fac-
tor (normalized to D(0) = 1), wavenumbers k are co-
moving and quoted in hMpc−1 throughout (we work in
units c = 1 and likewise express H0 in hMpc−1, so that
M is dimensionless and ∆b carries no residual units),
δc ≈ 1.686 is the spherical-collapse threshold, and b1 is
the linear Eulerian galaxy bias. Since ∆b ∝ 1/M and
M ∝ k2 on ultra-large scales (where T (k) → 1), the sig-
nal grows as ∆b ∝ 1/k2 as k → 0 [11, 13]; this 1/k2

enhancement on the largest scales is what makes scale-
dependent bias the most sensitive single channel for local-
type fNL. All downstream Fisher weightings, plots, and
forecasts that invoke the SDB kernel in this paper use
Eqs. (5)–(7) as the canonical definition.
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B. Template Projection and Amplitude Recovery

The exact matter-bounce shape is not purely local:
BNL changes from −35/16 in the squeezed limit to −9/8
at the folded boundary. A local-template estimator
therefore recovers a weighted fraction r of a bounce-
shaped signal:

fmeasured
NL = r fbounce

NL , σ(fbounce
NL ) = σ(f local

NL )/r. (8)

Direct evaluation of the unique exact shape gives flat-
grid r = 0.83542294 and rcos = 0.98167825. The adopted
r = 0.84 ± 0.02 is a weighting-scheme envelope around
this exact-shape value. It is not a coefficient poste-
rior or polynomial uncertainty. The independent survey-
weighted Fisher gives reff as a benchmark statistic un-
der its adopted covariance; no value from one metric is
silently substituted into another.

Standard-basis template decomposition. Projecting the
exact physical bispectrum onto the local, equilateral, and
orthogonal templates [14] gives uniform-weight local co-
sine 0.9817. A joint three-template projection increases
the recovered Fisher-norm fraction from 0.9637 to 0.9680,
corresponding to only δr = 0.0022. The large raw orthog-
onal cosine reflects template collinearity and is not inde-
pendent signal. This is a geometry-only check; the true
SPHEREx estimator variance still requires its survey co-
variance. Across the stated survey-motivated weighting
choices, the exact shape is summarized by

r = 0.84± 0.02, (9)

with the flat-grid exact value 0.8354 and the previously
defined signal-only endpoint 0.876. We use 0.84 for the
recast and keep the ±0.02 spread as a weighting-choice
sensitivity only. A shape-matched estimator could ap-
proach unit recovery, but constructing that estimator
with the actual SPHEREx covariance is outside this re-
cast. For the published SPHEREx bispectrum baseline
σ(f local

NL ) = 0.7, direct substitution gives 2.63σ with the
adopted r = 0.84 template map, reduced from the naive
ratio 3.13σ. This is an illustrative arithmetic mapping
before additional nuisance marginalization, not an obser-
vational headline. The channel-native ladder in Sec. VII
reports those nuisance assumptions explicitly, including
the 0.4σ free-bϕ surrogate limit.

C. Galaxy Bispectrum

The galaxy bispectrum provides an independent mea-
surement channel that accesses information at shorter
wavelengths, reducing the dependence on ultra-large-
scale modes [1]. This makes bispectrum-based con-
straints more robust to large-scale systematics than
power-spectrum-based scale-dependent bias alone.

IV. ILLUSTRATIVE SPHEREX MAPPING

We use the published Heinrich et al. [1] multi-tracer
bispectrum baseline σ(f local

NL ) ≃ 0.7 only for an illustra-
tive mapping to the exact matter-bounce template. With
r = 0.8354, direct substitution gives |fNL|r/0.7 = 2.61σ
(rounded to 2.63σ for the adopted r = 0.84 convention).
This conditional arithmetic map is not a paper headline,
an independently reproduced SPHEREx likelihood, or a
detection forecast.
Two in-house Fisher calculations test the mapping un-

der a leading-order Gaussian multi-tracer covariance. In
real space, the local-template uncertainty is 0.626 with
bias fixed and 0.687 after the implemented bias marginal-
ization; the exact bounce-template values are 0.631 and
0.688, giving reff = 0.9929 and 0.9986, respectively.
These correspond to 3.5σ and 3.2σ before the additional
nuisance axes discussed below. The survey weighting is
squeezed dominated, explaining why this recovery ratio
is closer to unity than the flat-grid amplitude recovery
r = 0.8354; the two quantities use different inner prod-
ucts and are not interchangeable.
A redshift-space extension numerically integrates the

line-of-sight orientation and includes the tree-level Kaiser
and Z2 kernels. It gives bounce-template uncertain-
ties 0.417 (bias fixed) and 0.449 (bias marginalized),
with full-signal recovery ratios reff = 0.9953 and 0.9991.
A separate primordial-transfer-only run gives reff =
0.9981, which is reported separately because the full
result includes the standard density-bispectrum contri-
bution. A targeted orientation-grid convergence test
changes marginalized uncertainties by at most 1.4×10−6

fractionally between 8 × 8 and 12 × 12 quadrature. In
that reduced-grid test the primordial-only marginalized
response ratio is 1.0037; because marginalization changes
the two template responses differently, this statistic is
not a bounded Fisher cosine and is not interpreted as
an overlap exceeding unity. The approximately 34.7%
bias-marginalized gain over the real-space calculation
(0.687 → 0.449) is materially larger than the roughly
18% gain quoted for an already-redshift-space monopole-
to-multipole comparison; differences in baseline, nuisance
set, and signal model prevent treating that agreement as
validation. Fingers-of-God damping and non-Gaussian
covariance are omitted, so the absolute redshift-space sig-
nificance is optimistic. The recovery ratio is the more
stable diagnostic, but it is not assigned an uncertainty
band.
Finally, a channel-native (fNL, bϕ, AGR) surrogate

Fisher makes the nuisance dependence explicit. Here
bϕ is the coefficient of the local-PNG scale-dependent-
bias response and AGR scales the modeled relativistic-
projection contribution. At fNL = −35/16 it gives 3.5σ
with both nuisances fixed, 3.1σ after marginalizing AGR,
2.3σ with AGR marginalized and a declared 30% Gaus-
sian theory prior on bϕ, and 0.4σ when bϕ is free. The
exact values remain in Table III and its generating ar-
tifact. The 30% result is conditional on that prior; the
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free-bϕ result is the unconstrained limit of this surrogate
model. Neither replaces the missing external per-triangle
covariance, and no endpoint is presented as a guaranteed
floor.

V. SPECULATIVE FUTURE-SURVEY
OUTLOOK

A proposed high-redshift spectroscopic facility such as
MegaMapper [15] could eventually test the same shape
with different tracer and redshift leverage. We do not
transfer the SPHEREx systematic budget or quote a
headline significance for an unapproved design: the high-
redshift GR projection, tracer selection, and covariance
require a dedicated calculation. This is an outlook only
and is not used in the abstract, conclusion, or evidence
claims.

VI. INFLATIONARY ALTERNATIVES

A. Can Inflation Reproduce the Signal?

Standard single-field slow-roll inflation gives fNL =
(5/12)(1 − ns) ≈ +0.015 [2] in the standard global
primordial-template convention. It is not itself an
independent on-sky scale-dependent-bias signal: in a
local-observer or conformal-Fermi description the lead-
ing single-clock consistency-relation contribution is ab-
sorbed by the coordinate/projection treatment, leaving
parametrically smaller slow-roll and projection residu-
als [3, 4]. We retain |fbounce

NL |/0.015 = 2.1875/0.015 ≈
146 only as a conventional template-normalization bench-
mark, not as a survey prediction; after the observable
projection treatment the bounce-vs-inflation contrast re-
mains qualitatively |fbounce

NL | ≫ |f inf
NL| and opposite in

sign. Non-canonical single-field models (DBI, etc.) pro-
duce equilateral-shape fNL, not local. Table II makes the
convention distinction explicit.

TABLE II. Expected squeezed-limit local fNL for the quasi-
dust matter bounce and single-field slow-roll inflation under
two comparison conventions. The global primordial-template
row is a like-for-like theory-normalization convention; it does
not assert that a survey measures the single-clock consistency-
relation term as an independent scale-dependent-bias signal.
The local-observer, projection-aware row [3, 4] removes or ab-
sorbs the leading single-clock coordinate contribution. This
distinction primarily changes the inflation entry and does not
alter the conditional bounce recast.

convention fbounce
NL f inf

NL |fbounce
NL |/|f inf

NL|
primordial template −2.1875 +0.015 ≈ 146

local observer −2.1875 → 0+ ≫ 146

Non-attractor single-field inflation gives fNL = +5/2 in
its standard limit [16], while curvaton and curved-field-

space constructions can access negative local amplitudes
with additional parameters. The amplitude alone there-
fore does not uniquely identify a bounce; distinguishing
these classes requires their full shape, scale dependence,
nuisance structure, and physically derived priors.
To keep estimator coordinates explicit, Fig. 2 displays

the imported Heinrich σ(f local
NL ) = 0.7 baseline in bounce-

amplitude coordinates using Eq. (8): the bar is cen-
tered at fbounce

NL = −35/16 with half-width σ(fbounce
NL ) =

0.7/0.84 = 0.83. The separate shape-matched surrogate
result σ(fbounce

NL ) ≃ 0.688 is not the blue bar.

FIG. 2. fNL landscape: matter bounce vs. inflationary al-
ternatives. The blue bar is the imported SPHEREx local-
template uncertainty transformed to bounce-amplitude coor-
dinates by Eq. (8): σ(fbounce

NL ) = 0.7/0.84 = 0.83, centered
on −35/16. It is not the separate shape-matched surrogate-
covariance uncertainty.

B. The Kinematic vs. Parametric Asymmetry

The bounce predicts fNL ≈ −35/16 kinematically
in the exact matter limit. The quasi-dust correc-
tion is presently unquantified because its coefficient re-
quires evaluating all four cubic integrals with quasi-dust
mode functions (Sec. II C). Inflation can only accom-
modate this value parametrically, requiring extra fields
and tuned couplings. This asymmetry—one tightly de-
termined matter-limit prediction versus multiple tunable
parameters—is qualitative and does not by itself estab-
lish a Bayesian preference.

VII. SYSTEMATICS AND ROBUSTNESS

The illustrative observational calculation has two de-
liberately separate layers. The published-baseline map-
ping uses σ(f local

NL ) ≃ 0.7 and the exact-shape recovery
r = 0.8354, giving 2.61σ (or 2.63σ with the adopted
rounded r = 0.84). It does not contain a new covariance.
The in-house channel-native calculation instead uses a
leading-order Gaussian multi-tracer covariance and is a
sensitivity test of nuisance directions, not a replacement
for the published likelihood.



6

The channel-native ladder is summarized in Table III.
The corresponding exact-shape uncertainties are 0.631,
0.697, 0.941, and 5.173. The native correlations are
ρ(fNL, AGR) = −0.4264 in the two-parameter block,
−0.5025 in the three-parameter block, and ρ(fNL, bϕ) =
+0.9909. The 30% row is conditional on a theory prior;
it is neither an empirical calibration nor a lower bound.
The free-bϕ row is the genuinely unconstrained limit of
this surrogate model and shows that the result is prior
sensitive.

The dominant unmodeled effects are the unavail-
able external per-triangle covariance, non-Gaussian
covariance terms, higher-order bias marginalization,
photometric-redshift outliers, relativistic light-cone
terms beyond the amplitude surrogate, and fingers-of-
God damping in the redshift-space check. Omitting
fingers-of-God damping makes the absolute C14 infor-
mation gain optimistic. Common modeling errors can
cancel in a local-to-bounce recovery ratio, but this can-
cellation is not guaranteed and no uncertainty band is
invented for reff .

VIII. CURRENT DATA AND CONSISTENCY
RELATION

Current CMB and large-scale-structure constraints are
not yet decisive. Planck PR4/NPIPE reports fNL =
−0.1 ± 5.0 [17]; using the CMB-weighted recovery r =
0.876 gives fbounce

NL = −0.11 ± 5.71, only 0.37σ from
the predicted −35/16. DESI DR1 local-PNG constraints
have uncertainties near 9–10 [18, 19]. These data are
consistent with both the matter-bounce amplitude and
zero.

The Wilson–Ewing quasi-dust construction relates the
measured tilt to a small departure from matter contrac-
tion. That departure can also perturb the cubic ampli-
tude, but the required four-vertex calculation with quasi-
dust mode functions has not been completed here. We
therefore do not assign a derived correction coefficient or
propagate an invented joint (ns, fNL) covariance. The ex-
act w = 0 result remains the benchmark, and departures
from it are a named theory uncertainty.

IX. DISCUSSION

The strongest result of this work is algebraic: the sum
of the four cubic vertices has the unique ordered-basis
coefficients (3, 1,−9, 5,−33, 9) and yields fNL = −35/16.
The ordered (5, 2, 2) orbit contains six permutations but
only three distinct monomials, so each distinct monomial
is counted twice. This resolves the earlier artificial coeffi-
cient freedom without assigning a statistical uncertainty
to an exact basis conversion.

The observational material is an illustration, not a sec-
ond headline result. Mapping the published SPHEREx
local-template sensitivity through the exact-shape recov-

ery gives the arithmetic value 2.63σ before additional
nuisance marginalization. The channel-native surrogate
shows why this must remain conditional: the significance
ranges from 3.5σ with nuisances fixed to 0.4σ with bϕ free,
and the intermediate 2.3σ value requires a declared 30%
theory prior. An eventual analysis must use the survey’s
full per-triangle covariance and a justified bϕ calibration.
Faithful cubic transmission through the bounce is the

leading theoretical condition. Linear propagation is es-
tablished for the specified construction [12]; single-clock
conservation motivates the nonlinear extension but does
not replace an explicit third-order calculation through
the transition. Consequently a future null measurement
would test the combination of the contraction-phase am-
plitude and the stated transmission assumptions, not ev-
ery nonsingular cosmology.
A proposed future high-redshift facility may offer com-

plementary leverage, but no such projection enters the
headline, conclusion, or readiness assessment. A nonzero
negative local amplitude would also not uniquely identify
a bounce because multifield inflation can generate sim-
ilar amplitudes. Shape information, scale dependence,
nuisance control, and model-derived priors remain neces-
sary for model discrimination.

X. CONCLUSION

The contraction-phase calculation predicts f local
NL =

−35/16. Re-summing the four cubic vertices and expand-
ing the result in the ordered symmetric basis gives the
unique coefficients (3, 1,−9, 5,−33, 9), with the (5, 2, 2)
permutation multiplicity treated explicitly. The result
agrees with the independent general-cs expression at
cs = 1 and replaces the unreproduced printed −35/8
value.
Conditional on faithful cubic transmission through

the chosen nonsingular completion, direct substitution
into the published SPHEREx baseline gives an illus-
trative 2.63σ arithmetic map before additional nuisance
marginalization. The channel-native surrogate ranges
from 3.5σ with nuisances fixed to 0.4σ with bϕ free; its
2.3σ intermediate result requires an explicit 30% bϕ the-
ory prior. None of these values is an observational head-
line, a unified forecast, or a guaranteed discovery floor.
The missing external covariance, higher-order nuisance
treatment, and direct third-order bounce evolution are
the principal work required before a survey-level claim.

DATA AND CODE AVAILABILITY

Analysis code and numerical artifacts are available in
the public project repository at https://github.com/
Hubify-Projects/bigbounce. An immutable versioned
archive and DOI remain a submission-time camera-ready
packaging step and are not claimed here as complete. The
exact vertex certification is implemented in scripts/

https://github.com/Hubify-Projects/bigbounce
https://github.com/Hubify-Projects/bigbounce
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TABLE III. Channel-native surrogate-covariance nuisance ladder. The 30% row is explicitly theory-prior conditional; the free-
bϕ row is the unconstrained limit of this surrogate.

Nuisance treatment Significance at fNL = −35/16

bϕ and AGR fixed 3.47σ

AGR marginalized 3.14σ

AGR marginalized; 30% Gaussian bϕ theory prior 2.32σ

AGR marginalized; bϕ free 0.42σ

p2_vertex_check.py, the exact shape and overlap ar-
tifact is generated by scripts/exact_shape_analysis.
py, the real- and redshift-space Fisher checks are imple-
mented in scripts/c13_independent_bounce_fisher.
py and scripts/c14_rsd_multipole_fisher.py, and
the native nuisance ladder is generated by scripts/c15_
channel_native_fisher.py. The orientation conver-
gence artifact is stored with the other JSON outputs.
The retired benchmark-fit coefficient scan is not used or
distributed as an uncertainty model.

The per-triangle covariance of Heinrich et al. [1] is ex-
ternal to this project and unavailable here; only its pub-
lished scalar σ(f local

NL ) ≃ 0.7 is used in the illustrative
mapping. No new observational data are introduced.

Appendix A: Prior-Volume Reproducibility Note

For completeness, the committed reproducibility scans
include a one-dimensional Gaussian summary likelihood
under several bounce and multifield amplitude priors.
This is not a forecast or model-selection result: in the

broad-competitor limit BF ∝ W/
√︂
σ2
eff + σ2

theory, so the

evidence ratio changes directly with the chosen competi-
tor width W . A defensible comparison would require a
joint likelihood and physically derived priors for every
competing class; the scans are therefore retained only as
provenance artifacts.

Appendix B: Resolution of the Cai–Li Factor of
Two: The Correct Matter-Bounce Local Amplitude

is −35/16

The historical factor-of-two discrepancy between
fNL = −35/8 (Cai et al. [7]) and fNL = −35/16 (Li
et al. [8], evaluated at cs = 1) is resolved at the level
needed here by an exact re-summation of Cai et al.’s own
four cubic vertices. That sum gives −35/16. The tran-
scribed final polynomial does not reproduce either the
vertex sum or Cai et al.’s separately stated −35/8, so
we identify the polynomial discrepancy but do not claim
a complete reconstruction of how the published −35/8
arose.

Trusted-expression provenance. The adopted chain is
deliberately bounded: Cai et al.’s four source-level vertex
expressions and their ϵ-order-grouped intermediates are

trusted inputs; their exact symbolic sum fixes Eqs. (3)–
(4) and fNL = −35/16; Li et al.’s independent Eq. (5.1)
agrees at cs = 1. Cai’s Eq. (37) and Li’s Eq. (4.19) share
the printed polynomial whose −305/64 squeezed reduc-
tion conflicts with that chain. We disclose that tension,
do not use the printed polynomial downstream, and do
not claim to have reconstructed how the separately stated
−35/8 arose.
The decisive computation. Cai et al.’s cubic action

(Maldacena form, ϵ = 3/2) gives four vertex contribu-
tions to the shape function A: the field-redefinition term,
the ζζ̇2 term, the ζ̇ ∂ζ ∂χ term, and the ζ(∂i∂jχ)

2 term

(their own expressions, χ defined by ∂2χ = a ϵ ζ̇). Sum-
ming these four exactly and taking the squeezed limit
k1 ≪ k2 = k3 = k gives

fNL(k1 ≪ k2 = k3) = −35

16
+

35

64

k21
k2

+ · · · k1→0−−−→ −35

16
,

(B1)
a clean k1 → 0 limit with no cancellation-sensitive
subleading ambiguity (equilateral: f equil

NL = −255/128).
Two independent cross-checks fix this value. (1) Cai
et al.’s own ϵ-order-grouped intermediate expressions

(their Aϵ, Aϵ2 , Aϵ3) sum to the per-vertex result and give
−35/16. (2) Li et al.’s Eq. (5.1), f local

NL = −165/16 +
65/(8c2s), gives −35/16 at cs = 1 by an independent
general-cs in-in method. By contrast, Cai et al.’s tran-
scribed final polynomial AT (their Eq. 37) does not equal
the sum of their own vertices:

Aprinted
T −

∑︁
(vertices) = − 99

128

∑︁
i k

3
i ̸= 0, (B2)

i.e. a spurious −(99/128)
∑︁

i k
3
i local-shaped term is

present in the transcribed printed polynomial AT rela-
tive to the exact sum of Cai et al.’s own four vertices (the
sign is fixed by the committed symbolic check scripts/
caili_certification/cai_vertices.py, which evalu-

ates
∑︁

(vertices) − Aprinted
T = +(99/128)

∑︁
i k

3
i ). Two

facts about this term must be stated precisely, and
are what the committed artifacts show. First, under
the six-Wick-permutation convention used consistently
in Cai et al.’s vertex equations and Eq. (B8), the tran-
scribed printed polynomial AT does not itself squeezed-
reduce to Cai’s stated −35/8: it reduces to −305/64 =
−4.766 (scripts/caili_certification/cai_conv.py,
scripts/caili_certification/cai_shape.py), con-
sistent with the −(99/128)

∑︁
i k

3
i term shifting the cor-

rect −35/16 by −(10/3)(99/128) ≈ −2.58 to −305/64.
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Treating the repeated (5, 2, 2) orbit as three distinct
monomials while retaining six (4, 3, 2) permutations is
not this source convention: it drops a factor of two
from only one orbit and breaks the equal forms of Cai
et al.’s vertex expressions. Second, therefore, this sin-
gle term is one identified discrepancy between the tran-
scribed printed polynomial and the exact vertex sum
— not by itself the full mechanism of Cai’s separately-
published −35/8 (which the transcribed printed coef-
ficients do not reproduce). The certified result is the
vertex-sum squeezed limit −35/16 (Eq. B1), which is un-
affected by either issue: it is fixed independently by the
exact four-vertex sum, by Cai’s own ϵ-order-grouped in-
termediates (Eq. B5), and by Li et al.’s general-cs for-
mula. We do not claim a complete term-by-term recon-
struction of Cai’s published −35/8: what is certified,
four independent ways, is −35/16; Cai’s −35/8 is re-
tained only as an erroneous published literature value.
For clarity: Li et al.’s printed total polynomial Atot

(their Eq. 4.19) agrees with Cai et al.’s transcribed poly-
nomial AT (their Eq. 37) coefficient-for-coefficient at
cs = 1, so the two transcribed polynomials share the
same (−305/64) squeezed reduction; the corrected am-
plitude −35/16 comes from re-summing Cai’s four cubic-
vertex contributions directly (the step that bypasses the
shared printed polynomial), and Li’s closed-form general-
cs formula (their Eq. 5.1) independently gives the same
−35/16 at cs = 1.

Vertex-by-vertex certification. We certify the −35/16
correction explicitly at the level of Cai et al.’s four indi-
vidual cubic vertices. Reading their own shape-function
contributions verbatim from the arXiv source of Ref. [7]
(matterbounceng2.tex, arXiv:0903.0631v2, source re-
trieved July 14, 2026), the four source-level vertices con-
tribute to the shape function A with their general ϵ de-
pendence as listed in Table IV; ϵ = 3/2 is substituted

only when evaluating the stated matter-contraction lim-
its. Summing the four rows of Table IV exactly (sym-
bolic fractions) and forming fNL = (10/3)A/

∑︁
i k

3
i , the

squeezed limit k1 ≪ k2 = k3 = k is

fvertex sum
NL (k1 ≪ k) = −35

16
+

35

64

k21
k2

+ · · · k1→0−−−→ −35

16
,

(B3)
identical to Eq. (B1).
Term-by-term vertex walkthrough. To make the re-

summation fully auditable at referee-report granularity
we tabulate the squeezed and equilateral local-amplitude
contribution of each individual vertex of Table IV,
formed by inserting that vertex’s shape-function row
alone into fNL = (10/3)A/

∑︁
i k

3
i and taking the two lim-

its (squeezed k1 ≪ k2 = k3 = k, then k1 → 0; equilat-
eral k1 = k2 = k3). Table V lists the four values; both
columns sum, exact-fraction, to the certified benchmarks
−35/16 (squeezed) and−255/128 (equilateral) of Table I.
Each per-vertex entry is the exact squeezed/equilateral
limit of the corresponding single row of Table IV (formed
by substituting that vertex’s shape-function contribu-
tion alone into fNL = (10/3)Av/

∑︁
i k

3
i ); the four rows

are built from the same exact-fraction vertex expres-
sions that the committed sympy certification scripts/
p2_vertex_check.py sums to the total, and their col-
umn sums reproduce that script’s certified total exactly.
No value is fitted or rounded.
Displayed intermediate algebra. For full ref-

eree/reader verifiability we display the two intermedi-
ate objects that the squeezed reduction Eq. (B3) col-
lapses — both transcribed verbatim from the commit-
ted symbolic-certification script (scripts/p2_vertex_
check.py, exact-fraction sympy). First, the collapsed
exact vertex sum. Multiplying the four Table IV rows
through by the common denominator Πk2 ≡ k21k

2
2k

2
3, the

total shape function at ϵ = 3/2 is the degree-9 polynomial

256Πk2 A = 9
∑︂
i

k9i + 3Σi̸=j k
7
i k

2
j − 27Σi̸=j k

6
i k

3
j + 15Σi̸=j k

5
i k

4
j

− 198Σdist
i k5i k

2
jk

2
l + 27Σi̸=j ̸=l k

4
i k

3
jk

2
l , (B4)

where Σi̸=j runs over the six ordered pairs i ̸= j (six dis-
tinct monomials), Σi̸=j ̸=l over the six all-distinct triples,
and Σdist

i k5i k
2
jk

2
l ≡ k51k

2
2k

2
3 + k52k

2
1k

2
3 + k53k

2
1k

2
2 over the

three distinct (5, 2, 2) monomials (so, e.g., the leading
squeezed piece k1 → 0 isolates the 9k92+9k93+3k72k

2
3+ . . .

collinear block that reduces to −35/16 after forming
fNL = (10/3)A/

∑︁
i k

3
i ). Second, the ϵ-order-grouped de-

composition. WritingA = ϵAϵ+ϵ2Aϵ2+ϵ3Aϵ3 (Cai et al.’s
own intermediate grouping) and forming the squeezed
fNL-contribution of each order separately at ϵ = 3/2 gives

fNL

⃓⃓
ϵ1

= − 5
2 , fNL

⃓⃓
ϵ2

= + 5
16 , fNL

⃓⃓
ϵ3

= 0, (B5)

whose sum − 5
2 + 5

16 + 0 = − 35
16 reproduces Eq. (B3)

term-by-term (the Aϵ piece is the pure − ϵ
2

∑︁
i k

3
i local

shape; the Aϵ2 and Aϵ3 pieces carry the non-local Πk2-
denominator structure of Eq. B4). The order-grouped
values Eq. (B5) are the ϵ-decomposition Cai et al. de-
scribe, made explicit.

Two independent certifications bracket this result.
First, Cai et al.’s own ϵ-order-grouped intermediate ex-

pressions (Aϵ, Aϵ2 , Aϵ3 ; Eq. B5) sum to the Table IV
total exactly (difference = 0 symbolically) and likewise
give −35/16, so the correction is internal to Cai’s own
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TABLE IV. The four source-level cubic-vertex contributions to Cai et al.’s [7] shape function A, retaining their general ϵ
dependence, read from the arXiv source (matterbounceng2.tex, arXiv:0903.0631v2; retrieved July 14, 2026). Here Σij denotes
the six ordered pairs, Σijl the six ordered all-distinct triples, and Πk2 ≡ k2

1k
2
2k

2
3. The matter-contraction limits stated below are

evaluated only after setting ϵ = 3/2. Their exact sum has squeezed limit −35/16 (Eq. B3); Cai’s transcribed printed polynomial
(their Eq. 37) differs from this sum by the spurious −(99/128)

∑︁
i k

3
i term of Eq. (B2) and squeezed-reduces to −305/64.

vertex contribution to A (general ϵ)

field redef. (Lredef) − ϵ
2

∑︁
k3 − ϵ2

32Πk2 {Σijk
7k2+Σijk

6k3

−2Σijk
5k4−2Σijlk

5k2k2−Σijlk
4k3k2}

Lζζ̇2

(︂
− ϵ2

12
+ ϵ3

24

)︂∑︁
k3

Lζ̇∂ζ∂χ
ϵ2

24Πk2 {2Σijk
7k2 − 2Σijk

5k4 − Σijlk
5k2k2}

Lζ(∂i∂jχ)2
ϵ3

96Πk2 {Σk9 − 3Σijk
7k2 − Σijk

6k3

+3Σijk
5k4 − Σijlk

5k2k2 +Σijlk
4k3k2}

TABLE V. Per-vertex squeezed- and equilateral-limit local-amplitude contribution of each of Cai et al.’s [7] four cubic vertices
(rows of Table IV), at ϵ = 3/2, formed as fNL = (10/3)Av/

∑︁
i k

3
i for each vertex v alone. Column sums are the certified

benchmarks f sq
NL = −35/16 and feq

NL = −255/128 (Table I). The single-vertex Lζ̇∂ζ∂χ squeezed contribution vanishes; the
net −35/16 is carried by the field-redefinition and highest-order bulk vertices. Values are the exact per-row limits of the
same exact-fraction vertex expressions summed by scripts/p2_vertex_check.py (sympy), whose column sums reproduce
that script’s certified total; no fitting or rounding.

vertex squeezed f sq
NL equilateral f eq

NL

field redef. (Lredef) − 25
16

− 35
32

Lζζ̇2 − 5
32

− 5
32

Lζ̇∂ζ∂χ 0 − 5
8

Lζ(∂i∂jχ)2 − 15
32

− 15
128

sum (all four) −35
16

−255
128

paper. Second, subtracting the vertex sum from Cai’s
transcribed printed polynomial AT (their Eq. 37) leaves

exactly the spurious local term of Eq. (B2), Aprinted
T −∑︁

(vertices) = −(99/128)
∑︁

i k
3
i , one traceable term by

which the transcribed printed polynomial differs from the
exact vertex sum (and by which its squeezed reduction
departs from −35/16 to −305/64, not to Cai’s stated
−35/8; not a naive additive shift; cf. Eq. B2 discussion
above). Independently, Li et al.’s [8] general-cs formula
(their Eq. 5.1) f local

NL = −165/16 + 65/(8c2s) evaluates to
−35/16 at cs = 1 by a wholly separate in-in method. The
correction −35/16 is therefore certified vertex-by-vertex
and cross-checked three ways; the −(99/128)

∑︁
i k

3
i dis-

crepancy is one identified difference between the tran-
scribed printed polynomial and the exact vertex sum in
Ref. [7].

Interpretation. The discrepancy is not a local-template
normalization change: Cai et al. and Li et al. use the
same fNL = 10A/(3

∑︁
i k

3
i ) convention and the same

squeezed limit. Nor can the commutator sign iden-
tity, used consistently within either the Hamiltonian
or interaction-Lagrangian convention, adjudicate it, be-
cause both calculations use the full in-in structure. What
is established is narrower and sufficient: the exact four-
vertex sum, Cai et al.’s order-grouped intermediates, and
Li et al.’s general-cs formula all give −35/16 at cs = 1.

The transcribed total polynomial differs from that vertex
sum by Eq. (B2) and squeezed-reduces to −305/64, not
to the separately published −35/8. We therefore adopt
−35/16 and do not assign a time-ordering mechanism to
the historical value.

A.1 Wick contraction and the in-in commutator

At first order in the cubic interaction Hamiltonian,

⟨ζ3(η∗)⟩ = −i

∫︂ η∗

−∞
dη ⟨[ζ3(η∗), Hint(η)]⟩. (B6)

For Hermitian Hint, define I
(σ)
v,H ≡∫︁ η∗

−∞ dη ⟨ζ3(η∗)Hint,v(η)⟩(σ)c . The two terms in the
commutator are complex conjugates, so the Hamiltonian
convention gives

−i⟨[ζ3, Hint]⟩ = +2 Im⟨ζ3Hint⟩. (B7)

For each cubic vertex v, Wick’s theorem expands the
connected time-ordered correlator as

⟨ζk1
ζk2

ζk3
Ov⟩c =

∑︂
σ∈S3

3∏︂
a=1

⟨ζkσ(a)
Φv,a⟩, (B8)
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with all six external-leg permutations included. Combin-
ing the four vertices and their symmetry factors gives

Bζ = +2 Im

4∑︂
v=1

∑︂
σ∈S3

I
(σ)
v,H

Sv
. (B9)

Equivalently, an interaction-Lagrangian convention may

define I
(σ)
v,L ≡ −I

(σ)
v,H and write the same result as Bζ =

−2 Im
∑︁

I
(σ)
v,L/Sv; the integral definition and its sign must

not be mixed across conventions. Equation (B7) is uni-
versal and does not by itself decide between the reported
local amplitudes. The adopted result instead follows
from the four explicit, already signed vertex rows in Ta-

ble V, whose squeezed contributions are −25/16, −5/32,
0, and −15/32, summing to −35/16; their equilateral
contributions likewise sum to −255/128. The accompa-
nying symbolic checker prints all four rows and the two
exact totals.
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