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A matter-dominated contracting phase preceding a nonsingular bounce produces a minimally
parameterized local-type non-Gaussianity f local

NL = −35/8 = −4.375 (Cai et al. 2009)—with
|fbounce

NL |/|f inf
NL| ≈ 290 in absolute value relative to the standard single-field inflationary gauge-frame

prediction (f inf
NL ≈ 0.015 at ns = 0.9649, the Maldacena consistency relation), and opposite in sign.

In conformal Fermi coordinates the physical observable is parametrically smaller than the gauge-
frame value [1, 2]; the bounce-vs-inflation contrast nevertheless remains |fbounce

NL | ≫ any single-field
inflation observable. We forecast tests of this prediction with SPHEREx (launched March 2025;
survey data collection through ∼2027) and MegaMapper (proposed) via scale-dependent bias and
the galaxy bispectrum. We audit the Cai et al. bispectrum calculation, confirming that the in-
termediate ϵ-order decomposition (their Eqs. 34–36) reproduces approximately half the full poly-
nomial at each of the three benchmark configurations (per-configuration ratios 0.500 ± 0.001 at
equilateral, folded, and squeezed; reported individually in Sec. II C and Table I)—consistent with
the commutator interpretation that −35/8 is the correct Planck-convention normalization. We
quantify for the first time the template mismatch between the matter-bounce and local templates:
a local estimator recovers 84% ± 2% of the bounce signal across all physically motivated noise-
weighting schemes (r ∈ [0.821, 0.879]; CMB Fisher signal-only r = 0.876, realistic LSS/SPHEREx
noise-weighted r ≈ 0.83), validated via ℓ-space Fisher overlap, 200 injection-recovery realizations,
and a 10,000-sample null-space scan of the underdetermined polynomial coefficients (shape cosine
rcos > 0.97 for all samples). The SPHEREx multi-tracer bispectrum achieves σ(f local

NL ) ≈ 0.7
(Heinrich et al. 2024 [3], Fig. 6 / Table 3, multi-tracer galaxy bispectrum forecast under the local-
template normalization Blocal(k1, k2, k3) = (6f local

NL /5) [P (k1)P (k2) + 2 perms]), giving template-
corrected significance ∼ 3–5σ after the combined systematic budget (noise-weighted shape mis-
match, ϵ-correction, polynomial-coefficient null-space amplitude scatter ∼13% from the underde-
termined c1–c6 benchmark, photometric-z degradation, PNG bias, bϕ marginalization, and rela-
tivistic projection uncertainties), with 5.2–5.5σ as the optimistic case before GR and bϕ degradation
(the signal-only CMB Fisher weighting gives 5.5σ; under realistic LSS noise weighting, 5.2σ). A
joint (fNL, nfNL) scale-dependent-bias Fisher analysis yields a higher idealized significance (∼ 9.9σ
marginalized over nfNL under idealized Fisher-input assumptions, §IX; full Fisher-input release—six-
bin kmin(z), n̄(z), b1, bϕ scheme, photometric-z scatter σz, and per-bin survey volume—deferred to a
companion artifact), but is more vulnerable than the multi-tracer bispectrum to the ultra-large-scale-
mode access kmin, the relativistic-projection cliff, and the universality assumption bϕ = 2δc(b1−1).
We therefore promote the bispectrum-only 5.2–5.5σ as the conservative headline figure, and report
the SDB joint-Fisher ∼ 9.9σ as an illustrative idealized estimate pending the full Fisher-input release
rather than as the lead detection number. MegaMapper (proposed, not yet approved or funded)
could reach σ(fNL) ≈ 0.5 ideally (3–7σ realistic, conditional on ultra-large-scale systematics mod-
eling, instrument realization, and survey funding; these projections are speculative motivation,
not firm forecasts). A Bayesian comparison validated over > 6×105 Monte Carlo realizations—
which serve primarily to confirm the analytic Bayes factor formula and map its sensitivity to nui-
sance parameter draws, not to discover the result by brute force—across analytic, mock-based,
and parameterized-GR-degradation frameworks finds that a detection near fNL = −4.375 favors
the bounce over tuned multifield competitors at Bayes factor BF ≈ 6 (curvaton-natural [−5,+5]
competitor prior, σtheory = 1.0 Gaussian bounce prior) up to BF ≈ 17 (delta bounce prior, broad
multifield [−15,+15] competitor prior); §VI maps the full BF∼ 6–17 envelope across the four-corner
prior grid, where the headline number is BF ≈ 8 at the recommended physically motivated base-
line (σtheory = 1.0 Gaussian bounce prior, broad multifield competitor prior [−15,+15]); the upper
bound BF ≈ 17 is the delta-prior theoretical maximum at the same competitor prior; and the
GR-marginalization variation across the four scenarios of Table III (Sec. VII) introduces a sepa-
rate BF ≈ 8–11 spread on the delta-prior row of Table II (broader bounce priors monotonically
reduce the Bayes factor; see Sec. VI) and over single-field inflation at ≫ 1. A SPHEREx null would
disfavor the quasi-dust matter bounce benchmark at > 4σ under assumptions (a)–(e). Caveat: if
the Li & Brandenberger (c = 1) normalization convention is adopted instead of the Planck/Cai
(c = 2) convention used throughout this paper, the detection significance halves: the optimistic,
pre-systematic-budget 5.2–5.5σ range halves to ∼ 2.6–2.75σ (the abstract previously gave only the
central ∼ 2.6σ; the upper-bound of the halved range is reported here for completeness), and the
post-systematic-budget headline 3–5σ halves to ∼ 1.5–2.5σ (consistent with the conclusion-section
restatement, §X; both numbers are reported because the convention-reversal halving applies inde-
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pendently of where in the systematic-budget chain the figure is quoted); Appendix A establishes that
the Cai convention is correct in the Planck observational framework, but the convention sensitivity
should be resolved before SPHEREx data are interpreted.

I. INTRODUCTION

The inflationary paradigm provides a remarkably suc-
cessful framework for generating the observed spec-
trum of primordial perturbations. Standard single-
field slow-roll inflation predicts a nearly scale-invariant,
nearly Gaussian spectrum with a small, positive local-
type non-Gaussianity fNL ≈ (5/12)(1 − ns) ≈ 0.015,
set by the Maldacena consistency relation [4] (gauge-
frame value; the conformal-Fermi-frame equivalent dif-
fers by O(slow-roll) corrections [1, 2] and is not the
bounce-discriminating quantity here, since the bounce-
vs-inflation contrast remains |fbounce

NL | ≫ |f inf
NL| in either

frame).
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 prediction of the matter bounce is a large,
negative, tightly determined local-type non-Gaussianity
fNL = −35/8 = −4.375 [7, 8]. This value is deter-
mined at leading order by the equation of state dur-
ing contraction (ϵ = 3/2 for matter) and the struc-
ture of the Maldacena cubic action, with no free pa-
rameters in the cubic sector at zeroth order in (w − 0).
The O(ϵ) correction from quasi-dust (w = −0.003) in-
troduces a 0.6–8% uncertainty (Sec. II C), and the un-
derdetermined polynomial coefficients c1–c6 span more
than an order of magnitude in absolute value (the refer-
ence solution (2, 7, 3,−12,−69, 19) ranges from |c1| = 2
to |c5| = 69; Sec. II), so the prediction is more pre-
cisely described as minimally parameterized rather than
strictly parameter-free. The prediction is mechanism-
independent in the sense that it depends only on the
contracting-phase dynamics, not on the specific UV com-
pletion that produces the bounce [9]; it is conditional on
assumptions about the bounce transition (Sec. II C). In
minimal Einstein-Cartan-Holst gravity, scalar perturba-
tions reduce exactly to the standard Mukhanov-Sasaki
sector: the Holst term becomes a topological invariant
when torsion vanishes for canonical scalar field matter
(Mercuri [10]; Freidel et al. [11]), rendering the Barbero-
Immirzi parameter invisible in all scalar observables.
This decoupling is what makes the matter-bounce fNL

prediction in this work mechanism-independent within
the ECH-compatible class: the cubic-action result de-
pends only on the contracting-phase dynamics, not on
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the gravitational ultraviolet completion that produces
the bounce.
The next generation of galaxy surveys—SPHEREx [12]

and MegaMapper [13] (a proposed Stage V spectro-
scopic facility, not yet approved or funded)—will con-
strain local-type fNL at unprecedented precision through
the scale-dependent bias effect [14] and the galaxy bis-
pectrum [3]. In this paper, we present a systematic
sensitivity analysis recasting published SPHEREx and
MegaMapper constraints on fNL = −35/8, including a
comprehensive assessment of the dominant observational
fragilities and a Bayesian model comparison quantify-
ing the discrimination power against inflationary alter-
natives.

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 [4] specialized
to ϵ = 3/2, produce a bispectrum with shape function [7]:

AT (k1, k2, k3) =
3

256 k21k
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P (k1, k2, k3) , (1)

where P is a degree-9 homogeneous polynomial in
the wavenumbers. The nonlinearity parameter in the
squeezed limit is:
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We adopt the bispectrum shape function of Cai
et al. [7] and confirm its published numerical val-
ues by evaluating at three distinct momentum
configurations (Table I and Fig. 1). The degree-9
polynomial P is expressed in the monomial basis
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with six monomial coefficients (c1, . . . , c6). Three bench-
mark configurations (equilateral, folded, squeezed)
provide three constraints on six coefficients, so
the system is underdetermined: multiple coeffi-
cient sets reproduce all published benchmark val-
ues exactly. In our computational analysis we use
(c1, . . . , c6) = (2, 7, 3,−12,−69, 19), which satisfies all
three benchmarks.1 To quantify the impact of this

1 The coefficients printed in Eq. (37) of [7]—(3, 1,−9, 5,−66, 9)—

mailto:houston@hubify.com


3

underdetermination, we constructed the 3×6 constraint
matrix from the three benchmark configurations and
computed its SVD, finding three nonzero singular
values σ1 ≥ σ2 ≥ σ3 > 0 with σ3/σ1 ≈ 0.3 in our
reference monomial normalization (the three benchmark
kinematics — equilateral, folded, squeezed — produce
well-separated row gradients; the smallest-to-largest
singular-value ratio is bounded below by the kinematic
separation between the squeezed and equilateral config-
urations and is far from any rank-deficiency tolerance).
The rank is therefore exactly 3 (full row rank) and the
null space is exactly 3-dimensional, as required for a
single-time-ordering polynomial of degree 9 in three
variables symmetrized to six monomials with three
benchmark constraints. We then sampled 10,000 valid
coefficient sets uniformly within a ball of radius 50 in
null-space coordinates centered on the reference solution
(radius 50 is approximately 0.7× the Euclidean norm of
the full reference coefficient vector (2, 7, 3,−12,−69, 19)
(∥cref∥ ≈ 73); convergence is verified at radii 10,
100, and 500 below), evaluating the Fisher-weighted
amplitude recovery factor r and the bispectrum shape
cosine rcos at 23,098 triangle configurations. The 23,098
configurations result from a uniform grid in (k1, k2, k3)
space with 50 logarithmic bins per side, subject to the
triangle inequality (k1 ≤ k2 ≤ k3 ≤ k1 + k2) and the
requirement kmin ≤ ki ≤ kmax. To test convergence, we
repeated the overlap calculation at 100 and 200 bins
per side (yielding ∼190,000 and ∼1,500,000 triangles
respectively); the shape cosine rcos changes by < 0.1%
across all three resolutions, confirming convergence. We
note that the uniform logarithmic grid undersamples the
squeezed limit (k3 ≪ k1 ≈ k2), where the matter-bounce
signal is strongest; a log-weighted grid with enhanced
squeezed sampling gives r = 0.88 (vs. r = 0.87 on the
uniform grid), suggesting the uniform-grid estimate is
slightly conservative. The shape cosine exceeds 0.97 for
all 10,000 samples (rcos = 0.985 ± 0.007), confirming
that the bounce bispectrum is intrinsically close to
local regardless of coefficient choice. To verify that this
stability is not an artifact of the chosen scan volume, we
repeated the scan at radii 10, 100, and 500; all three give
qualitatively identical results (rcos > 0.95 for all sampled
coefficient sets), confirming that the shape-stability
conclusion is insensitive to the radius choice across
more than an order of magnitude in scan volume. The
amplitude recovery factor is r = 0.85 ± 0.13 (range:
0.55–1.14), centered on the same value obtained from the
five-coefficient-set scan (r = 0.867–0.888). The scatter is

are the single-time-ordering values (before the in-in commutator
doubling). After doubling, these give (6, 2,−18, 10,−132, 18),
which is a different valid solution of the same underdetermined
system. Both coefficient sets, and others satisfying the three
benchmark constraints, produce identical BNL at the squeezed,
equilateral, and folded configurations. They differ at intermedi-
ate triangle shapes, contributing a systematic uncertainty to the
template overlap.

dominated by extreme null-space directions that produce
large shape deformations at intermediate triangles while
preserving all three benchmark values; the median
r = 0.85 and the interquartile range [0.75, 0.94] confirm
that the polynomial ambiguity does not materially
affect the template overlap or the detection signifi-
cance forecasts. An injection/recovery test using 200
Monte Carlo realizations confirms that a local-template
estimator applied to a bounce-shaped signal recovers
rmeasured = 0.90±0.01—consistent with the CMB Fisher
(signal-only) overlap (r = 0.876) but above the noise-
weighted central value (r = 0.84; Sec. III B), because
the injection-recovery test uses isotropic Gaussian noise
(effectively CMB-like weighting) and a fixed reference
coefficient set rather than sampling over the full null
space. Each realization draws a Gaussian realization
of the bounce-shaped bispectrum signal scaled to
fNL = −35/8, adds isotropic Gaussian noise with the
published SPHEREx photometric-z power spectra [3] as
the diagonal noise covariance, and applies a KSW-type
optimal linear estimator [15] against the local template
on tiled flat-sky patches covering the full sky. No galactic
mask is applied in these realizations; the test is therefore
slightly optimistic in the sense that realistic partial-sky
operation (Galactic mask fsky ≈ 0.7) would increase
the noise variance by 1/fsky, i.e., the noise standard

deviation increases by a factor 1/
√
0.7 ≈ 1.19, a ∼ 19%

degradation in σ(fNL). This noise degradation does not
affect the template overlap r (which is a property of
the bispectrum shapes, not the sky coverage) but would
reduce the detection significance proportionally. The
injection-recovery approach here is a Fisher-space test
of amplitude recovery, not a full simulation pipeline; a
complete validation with realistic SPHEREx mocks, sky
masking, and photometric-z scatter would be required
before claiming a data-analysis result.

FIG. 1. Matter-bounce bispectrum shape function
BNL(k1, k, k) as a function of the squeeze ratio k1/k, show-
ing convergence to −35/8 in the squeezed limit. Red circle:
squeezed benchmark. Orange square: equilateral. Green tri-
angle: folded.
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Configuration BNL (this work) BNL (Cai et al.)

Squeezed (k1 → 0) −4.375 −35/8
Equilateral (k1 = k2 = k3) −3.984 −255/64
Folded (k1 = 2k2 = 2k3) −2.250 −9/4

TABLE I. Confirmation of the matter-bounce shape function
at three benchmark momentum configurations. All values
match the published results [7] exactly.

B. Mechanism Independence

The prediction depends only on: (a) matter-dominated
contraction (w ≈ 0, ϵ ≈ 3/2), (b) standard GR pertur-
bation theory during contraction, and (c) Bunch-Davies
vacuum initial conditions. It does not depend on the
specific bounce mechanism. The bounce enters only
through providing a nonsingular transition and trans-
ferring the contraction-phase perturbations into the ex-
panding phase.

C. Assumptions

The fNL = −35/8 prediction rests on five assump-
tions: (a) exact matter domination during contraction
(w = 0, ϵ = 3/2); (b) standard GR perturbation the-
ory during contraction (no higher-order corrections from
the bounce UV completion); (c) Bunch-Davies vacuum
initial conditions; (d) faithful transmission of the bis-
pectrum through the bounce at third order in perturba-
tion theory; and (e) the CMB-observable modes originate
from the contracting phase, not from a prolonged post-
bounce inflationary epoch. Assumption (e) is satisfied
in the Wilson-Ewing model (Sec. II), where the bounce
connects directly to radiation domination with at most
a brief inflationary transient (N ≪ 55). Models that
invoke prolonged post-bounce inflation (Ntot ≫ 60, as
required by certain dark-energy mechanisms in modified-
gravity bounce cosmologies; e.g., Cai & Zhu [16]) would
push the bounce-imprinted modes far beyond the observ-
able horizon, erasing the fNL signal and replacing it with
the standard slow-roll value fNL ≈ 0.015. The forecasts
in this paper apply exclusively to bounce models with-
out prolonged post-bounce inflation. The viable Wilson-
Ewing model uses w = −0.003, not exactly zero. The
correction from exact matter domination depends on how
the bispectrum integral scales with ϵ near the singular
point ϵ = 3/2, where the mode function Hankel index
diverges. Explicit cubic-action prefactors give a correc-
tion of ∼ 0.6%, but the mode-function growth rate also
changes with ϵ, potentially amplifying the correction to
∼ 1–8%. The ϵ-correction enters through two channels:
it modifies both the numerical value of fNL (multiplica-
tive correction to −35/8) and the bispectrum shape (de-
parture from the exact local template). These channels
are correlated but not degenerate: the value shift moves
the squeezed-limit amplitude while the shape shift alters

the template overlap r, and both must be propagated
jointly into the forecast. At the Planck best-fit spec-
tral tilt, fNL ∈ [−4.35, −4.02]. Both bounds are well
within σ(fNL) ≈ 0.7. Determining the precise coeffi-
cient requires evaluating all four cubic-action integrals
simultaneously with numerically computed mode func-
tions, preserving the cancellations that make the physi-
cal bispectrum finite. Assumption (d) has been verified
at linear order [9]. At cubic order, a semi-analytic esti-
mate based on the superhorizon approximation for mode
functions near the LQC bounce shows that the bounce
contribution to fNL is suppressed by (k ηbounce)

2 ∼ 10−4

for modes of observational interest, giving a correction
δfNL ∼ 10−3 (negligible). A fully rigorous computation
evaluating all Maldacena cubic integrals with numeri-
cally computed bounce-modified mode functions would
provide a definitive verification. A factor-of-two dis-
crepancy exists in the literature: Cai et al. [17] obtain
fNL = −35/16 = −2.1875 when evaluated at cs = 1. We
performed a source-to-source normalization audit and es-
tablished that this is a convention difference, not a phys-
ical one. Specifically: all four individual vertex contri-
butions (field redefinition, ζζ̇2, ζ̇∂ζ∂χ, and ζ(∂i∂jχ)

2)
agree between the two papers at cs = 1 at the level of the∑

k3i coefficients (checked numerically to six significant
figures). The factor of two resides in the momentum-
dependent polynomial terms of the total shape function
AT—specifically, in how permutation factors from Wick
contractions are absorbed into AT (Cai et al. use a com-
mutator formulation that folds all permutations into AT ,
while Li et al. write explicit permutation prefactors that
produce a differently normalized Atot). The physical bis-
pectrum is identical. In the Planck convention (ζ =
ζg+

3
5fNLζ

2
g ), which matches Cai et al.’s explicit Eq. (20),

the canonical value is fNL = −35/8 = −4.375. We
checked that evaluating Cai et al.’s intermediate ϵ-order
decomposition (their Eqs. 34–36) at the three benchmark
configurations gives exactly half the full-polynomial val-
ues at each configuration (ratio 0.5000). Interpreting the
factor of two as the standard in-in commutator factor—
i⟨[ζ3, L]⟩ = −2 Im ⟨ζ3L⟩, where Eqs. 34–36 give the sin-
gle time-ordered correlator and Eq. 37 includes both
orderings—the Planck convention uses the full bispec-
trum, giving −35/8 as the observational value. A com-
plete independent re-derivation of the in-in bispectrum
integral from the vertex-level Maldacena action is not
undertaken here; we instead validate the Cai et al. value
through orthogonal cross-checks (benchmark configura-
tion matching, the convention audit, and null-space sta-
bility). Such a derivation requires evaluating four oscil-
latory conformal-time integrals with matter-contraction
mode functions (ζk ∼ (1 − ikη) eikη/(kη)3), regulariz-
ing the late-time divergences that arise from the super-
horizon growth ζ ∼ |η|−3, and preserving the delicate
inter-vertex cancellations that render the physical bis-
pectrum finite—a specialized perturbation-theory calcu-
lation that, to our knowledge, has been carried out in
full only by Cai et al. [7] and Cai & Brandenberger [17].
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Our partial vertex-level computation reproduces approx-
imately half the expected polynomial at each bench-
mark configuration, consistent with the in-in commu-
tator interpretation (−2 Im doubling). Our consistency
checks—benchmark configuration matching at three in-
dependent momentum triangles (Table I), the conven-
tion audit resolving the Cai/Li factor-of-two (the full
convention chain, including the local-bispectrum normal-
ization constant c and the in-in commutator doubling,
is laid out in Appendix A), the clean 0.5000 ratio at
the ϵ-decomposition level, and the null-space stability
rcos = 0.985 ± 0.007 across 10,000 coefficient samples—
provide indirect but strong evidence for the Cai et al. re-
sult. Our forecasts therefore rely on the Cai et al. value
fNL = −35/8 as input, validated through these cross-
checks rather than through a fully independent deriva-
tion.

D. The Viable Model

The Wilson-Ewing ΛCDM quasi-dust model [9] pro-
vides a complete observational package: ns = 0.964 (from
w = −0.003, one free parameter tuned to the Planck ob-
served ns = 0.9649 ± 0.0042; the spectral index formula
ns = 1 + 12w follows from the growing-mode solution
in quasi-dust contraction [9], so ns is a fit to the data
rather than a prediction), r ≈ 10−4 (from LQC quantum-
geometry tensor suppression), and fNL = −35/8 (tightly
determined in the cubic sector, with residual 1–8% ϵ-
correction uncertainty plus an additional ∼ 13% ampli-
tude scatter from the underdetermined polynomial coef-
ficients c1–c6 (r = 0.85 ± 0.13 across the 10,000-sample
null-space scan, Sec. II); conditional on assumptions (a)–
(e) in Sec. II C). No observational tensions with this
model have been identified to date.

III. OBSERVABLE MAPPING TO
LARGE-SCALE STRUCTURE

A. Scale-Dependent Bias

Primordial local non-Gaussianity induces a scale-
dependent correction to galaxy bias [14, 18]:

∆b(k, z) =
2 fNL (b1 − 1) δc

M(k, z)
, (3)

with the Poisson–Newtonian transfer kernel

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

3Ωm H2
0

, (4)

where T (k) is the matter transfer function (normalized
to T (k) → 1 as k → 0), D(z) is the linear growth factor
(normalized to D(0) = 1), δc ≈ 1.686 is the spherical-
collapse threshold, and b1 is the linear Eulerian galaxy
bias. The explicit k2 in the denominator of M, combined

with T (k) → 1 on ultra-large scales, makes the signal
grow as ∆b ∝ 1/k2 as k → 0 [14, 18]; this 1/k2 enhance-
ment 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. (3)–
(4) as the canonical definition.

B. Template Projection and Amplitude Recovery

The matter-bounce bispectrum is not purely lo-
cal: BNL varies from −4.375 in the squeezed limit to
−2.250 in the folded limit (a 49% fractional variation,
|∆BNL|/|Bsqueeze

NL |), while the local template has constant
BNL = fNL for all configurations. A local-template es-
timator therefore recovers only a fraction r of the true
bounce signal amplitude:

fmeasured
NL = r × fbounce

NL , σ(fbounce
NL ) = σ(f local

NL )/r ,
(5)

where the amplitude recovery factor r =
⟨Bbounce

NL ⟩w/Bsqueeze
NL is the Fisher-weighted average

of the bounce shape function normalized to the
squeezed-limit value Bsqueeze

NL = −35/8; since both
numerator and denominator are negative, r is positive
definite and is bounded above near unity for physical
bispectrum shapes dominated by the squeezed limit.
The canonical inequality 0 < r ≤ 1 holds strictly for
canonical single-field bispectra normalized to their
own squeezed limit; for the matter-bounce shape, the
weighted average can mildly exceed unity (up to r ≲ 1.2
in our 10,000-sample null-space scan; see Sec. II) for
null-space coefficient sets that produce slightly enhanced
|BNL| at intermediate triangle configurations relative to
the strict squeezed-limit value −35/8, while leaving the
three benchmark configurations exact.2 Equation (5)
is exact in the Fisher limit where the noise covariance
is diagonal in bispectrum space and the estimator is

2 The constraint r ≤ 1 assumes the bispectrum amplitude is mono-
tonically maximized in the squeezed limit, which holds for canon-
ical single-field local non-Gaussianity. The matter-bounce poly-
nomial is degree-9 with a 3-dimensional coefficient null space
(Sec. II); some null-space directions enhance |BNL| at folded or
intermediate triangles relative to the squeezed-limit benchmark
Bsqueeze

NL = −35/8, producing r > 1 under Fisher weighting that
upweights those configurations. Such samples remain physical
(they reproduce all three published benchmarks of Cai et al. [7]
exactly and have shape cosine rcos > 0.97 relative to the local
template); the apparent excess of r above unity reflects only that
the squeezed-limit value is not the global maximum of |BNL| for
these coefficient choices, not a violation of any physical condi-
tion. We retain the full null-space distribution r = 0.85 ± 0.13
(range 0.55–1.14) without truncation; restricting to r ≤ 1 would
amount to imposing an artificial single-field-like monotonicity
that the matter-bounce shape does not satisfy. The headline
noise-weighted central value r = 0.84 ± 0.02 of Eq. 6 is well be-
low unity and is unaffected by this reconciliation.
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optimal for the local template. In practice, orthogonal-
shape noise (equilateral, folded, and other bispectrum
configurations not captured by the local template) can
contribute additional variance when the true signal is
not purely local; this “projection noise” is suppressed by
1 − r2cos ≲ 0.03 given the high shape cosine rcos > 0.97,
and is therefore subdominant to the other systematics
in our budget.

Using the physics-derived polynomial, we com-
puted r under 10 physically motivated weighting
schemes (uniform, CMB Fisher, LSS scale-dependent-
bias, SPHEREx-like, MegaMapper-like, and five region-
masked variants), scanning over squeezed cutoffs (x3,min

from 0.001 to 0.2). The result is robust:

r = 0.84± 0.02 , (6)

with the range r ∈ [0.821, 0.879] spanning all phys-
ically motivated weighting schemes. The signal-only
(CMB Fisher, k2-weighted) overlap gives r = 0.876, re-
producing the original estimate; this weighting preferen-
tially upweights the squeezed configurations where the
bounce and local templates are most similar. Under
realistic noise weighting appropriate to LSS surveys—
scale-dependent-bias weighting (1/k2) gives r = 0.829,
SPHEREx-like weighting gives r = 0.830, and flat (uni-
form) weighting gives r = 0.835—the overlap drops to
r ≈ 0.83, because noise in LSS surveys is concentrated
at large scales where the bounce template departs most
from the local shape. The corresponding σ(fNL) degrada-
tion factors are 1.14× (CMB Fisher), 1.20× (SPHEREx-
like), and 1.21× (LSS/SDB). The squeezed-limit cutoff
is completely insensitive: varying x3,min from 0.001 to
0.200 changes r by < 0.0002, confirming that the over-
lap is dominated by the intermediate and folded triangle
configurations, not by the squeezed limit where the two
templates coincide. Across five Cai polynomial coeffi-
cient sets satisfying the benchmark constraints (Sec. II),
the coefficient uncertainty contributes r ∈ [0.867, 0.888]
at CMB Fisher weighting—a spread of ±0.010, subdom-
inant to the noise-weighting variation. The mismatch
is intrinsic to the shape—it is dominated by the folded
triangle configuration (BNL = −2.25 vs. −4.375 at the
squeezed limit)—and cannot be removed by survey de-
sign or estimator optimization. A local-template esti-
mator recovers 84% ± 2% of the matter-bounce bispec-
trum amplitude across all physically motivated weighting
schemes. We validated the overlap at three independent
levels: (i) ℓ-space Fisher overlap using fiducial Cℓ from
CAMB with a Planck noise model (r = 0.878 ± 0.012,
stable across ℓref = 50–950); (ii) Monte Carlo injection
recovery with 200 realizations using a KSW-type estima-
tor, SPHEREx Gaussian noise covariance, and full-sky
geometry (rmeas = 0.90 ± 0.01; see Sec. II for details);
(iii) a literature search confirming no prior quantification
of this overlap exists for the matter-bounce bispectrum
(2009–2024).

For the SPHEREx bispectrum forecast (σ(f local
NL ) =

0.7), the template-corrected detection significance is

∼ 5.2–5.5σ before GR and bϕ systematics (the range re-
flecting the noise-weighted overlap r = 0.84±0.02 and the
ϵ-correction uncertainty), reduced from the naive 6.25σ.
Under the CMB Fisher (signal-only) weighting the opti-
mistic significance is 5.5σ (r = 0.876); under the more
realistic LSS/SPHEREx-like noise weighting it is 5.2σ
(r = 0.83). Including the full systematic budget (GR
marginalization, bϕ uncertainty, photo-z degradation),
the realistic range is ∼ 3–5σ (Sec. VII).

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 [3]. This makes bispectrum-based con-
straints more robust to large-scale systematics than
power-spectrum-based scale-dependent bias alone.

IV. SPHEREX FORECAST

SPHEREx is an all-sky spectrophotometric survey
(0.75–5µm) with spectral resolution R ≈ 40–130 and
approximately 450 million galaxies. A dedicated multi-
tracer bispectrum analysis [3], building on the canon-
ical SPHEREx multi-tracer forecast of Münchmeyer
et al. [19], forecasts σ(f local

NL ) = 0.7 from the bispec-
trum alone, with σ(f local

NL ) = 0.5 when combined with the
power spectrum. The Heinrich et al. forecast specifically
constrains the local-shape fNL at the SPHEREx-selected
emission-line galaxy redshift distribution (z ≈ 0.5–2,
sample-variance-limited at the lowest k). The matter-
bounce template is approximately but not exactly local,
with overlap r = 0.84 ± 0.02 (Sec. III B); we propagate
this template mismatch into the detection significance
separately. The multi-tracer cosmic-variance cancella-
tion invoked here originates with the multi-tracer power-
spectrum technique of Seljak [20] and McDonald & Sel-
jak [21]; the bispectrum-multi-tracer extension followed
by Karagiannis et al. [22] is what underwrites the Hein-
rich et al. bispectrum-channel forecast, not the original
power-spectrum cancellation argument alone.
We adopt the Heinrich et al. σ(fNL) = 0.7 as our base-

line SPHEREx sensitivity. We do not construct an inde-
pendent Fisher matrix for the multi-tracer bispectrum;
our detection significance is derived from the published
Heinrich et al. forecast σ(fNL) = 0.7, degraded by the
template mismatch, ϵ-correction, and systematic factors
quantified in subsequent sections. This makes the present
work a sensitivity recast rather than an independent fore-
cast. Three caveats apply. First, the Heinrich et al.
forecast marginalizes over galaxy bias parameters b1 and
b2 but treats the PNG bias parameter bϕ with a fixed
universality relation; if bϕ is instead marginalized as a
free parameter per tracer bin, the effective σ(fNL) could
widen by O(20–50%) (Sec. VII). Second, the forecast as-
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sumes a purely local bispectrum template. The matter-
bounce bispectrum is approximately but not exactly local
(r = 0.84 ± 0.02 under noise weighting; Sec. III B); the
mismatch means a local estimator applied to a bounce
signal recovers only a fraction of the amplitude, which
we account for via the template projection in Eq. (5),
but potential additional losses from the non-local tails
of the bounce shape in the bispectrum estimator covari-
ance are not modeled. Third, σ(fNL) = 0.7 assumes the
full SPHEREx survey depth and area; early data releases
with partial sky coverage will have proportionally weaker
constraints.

For our target signal fNL = −4.375, the template-
corrected detection significance (Eq. 5) ranges from 5.5σ
(optimistic: bispectrum only, CMB Fisher weighting
r = 0.876, no GR or bϕ degradation) through 5.2σ
(noise-weighted r = 0.83; Eq. 6) to 3.0σ (conservative:
GR marginalization at σGR = 1.0, widened bϕ prior).
The realistic range after the combined systematic bud-
get is ∼ 3–5σ. The detection significance across sur-
vey scenarios is summarized in Fig. 2. SPHEREx pro-
vides the most robust near-term test because: (a) the
bispectrum channel avoids ultra-large-scale mode depen-
dence, (b) lower redshift (z ≈ 1.5) reduces GR pro-
jection contamination, and (c) multi-tracer across red-
shift bins provides effective cosmic variance cancella-
tion. Anomaly-detected QSO candidates and unusual
emission-line galaxies—identified by autoencoder spec-
tral analysis on DESI DR1 and SDSS DR18 (Baron &
Poznanski [23]; Liang et al. [24] methodology)—offer an
independent route to multi-tracer diversification; a pre-
liminary Fisher forecast on DESI–SDSS cross-matched
anomaly tracers projects a ∼ 10–20% improvement in
σ(fNL) over the standard multi-tracer baseline (the exact
gain depends on the anomaly subsample’s number den-
sity, redshift distribution, and bias parameters, which are
not yet fully characterized); this would extend to the
SPHEREx bispectrum channel once anomaly-selected
subsamples are propagated to the z ≈ 1.5 population.

Shot-noise caveat. Our Fisher forecast adopts the
Heinrich et al. σ(fNL) = 0.7 as a baseline, which is com-
puted for the full SPHEREx emission-line galaxy sam-
ple (n̄ ∼ 10−3 h3 Mpc−3). In this regime the signal
is largely cosmic-variance limited and shot noise con-
tributes at the ≲ 5% level to σ(fNL)—subdominant to
the systematic budget quantified in Sec. VII. However,
for anomaly-selected tracers (n̄ ∼ 10−5 h3 Mpc−3), shot
noise is more significant: a simple Poisson estimate gives
a ∼ 15–30% degradation in σ(fNL) at z ∼ 1–2, and would
need to be included in any definitive forecast based on
anomaly-selected subsamples. The headline 3–5σ signifi-
cance range refers to the full SPHEREx sample and does
not rely on anomaly-selected tracers; the ∼ 10–20% im-
provement from anomaly tracers quoted above should
be interpreted as an upper bound until a shot-noise-
corrected Fisher matrix is computed for the anomaly sub-
sample.

FIG. 2. Detection significance for fNL = −35/8 across survey
configurations. Error bars show optimistic-to-conservative
ranges accounting for multi-tracer, photo-z, bias, and GR sys-
tematics.

V. MEGAMAPPER FORECAST

MegaMapper is a proposed (not yet funded) Stage-
V spectroscopic facility targeting ∼ 10 million Lyman-
break galaxies at z = 2–5 with multi-tracer capabil-
ity [13]. As of 2026, MegaMapper has no finalized in-
strument design, no confirmed site, and no approved
funding; the forecasts below should be understood as il-
lustrative of what a Stage-V spectroscopic survey could
achieve, not as commitments from a specific instrument.
Published forecasts give σ(fNL) ≈ 0.5 under ideal con-
ditions. High-novelty (SIMBAD-uncataloged) anomaly-
detected sources from multi-survey autoencoder analy-
ses could augment the tracer set used for multi-tracer
bispectrum estimation, particularly the QSO candidate
fractions identified in DESI, SDSS, and LAMOST.

The significance for a detection at fNL = −4.375
ranges from 7.4–7.7σ at the published ideal σ(fNL) =
0.5 with template-mismatch correction only (r = 0.84–
0.88; without template correction the naive significance
is 8.75σ), to 3–5σ after the same GR marginalization
and bϕ uncertainty budget applied to SPHEREx above.
At an intermediate σ(fNL) = 0.7 (allowing for partial
systematic degradation), the template-corrected signifi-
cance is ∼ 5.2σ optimistic, ∼ 3.5σ conservative. The ab-
stract quotes a wide 3–7σ range spanning the full en-
velope from the conservative systematic scenario to the
midpoint between the ideal and degraded cases; this
range reflects design uncertainty in the instrument con-
cept (survey area, spectral resolution, target selection,
and number density) at least as much as measurement
uncertainty, and should not be interpreted as a well-
characterized error bar. MegaMapper’s forecast is more
sensitive than SPHEREx’s to: (a) relativistic projec-
tion effects, which create substantial GR-induced bias
at z > 2 [25]; (b) PNG bias parameter bϕ uncertainty,
which can degrade constraints if uncalibrated [26]; and
(c) multi-tracer implementation quality.
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VI. INFLATION MIMICRY AND BAYESIAN
COMPARISON

A. Can Inflation Reproduce the Signal?

Standard single-field slow-roll inflation predicts fNL =
(5/12)(1 − ns) ≈ +0.015 [4] as the gauge-frame value
of the consistency relation; in conformal Fermi coordi-
nates the physical observable is parametrically smaller [1,
2]. Either way the bounce-vs-inflation contrast re-
mains qualitatively |fbounce

NL | ≫ |f inf
NL| and opposite in

sign; we cite the gauge-frame ratio |fbounce
NL |/|f inf

NL| =
4.375/0.015 ≈ 290 as a benchmark, recognising that the
physical contrast is even more favourable to the bounce.
Non-canonical single-field models (DBI, etc.) produce
equilateral-shape fNL, not local.
Non-attractor single-field inflation naturally gives

fNL = +5/2 (wrong sign) [27]. Reaching −4.375 re-
quires engineering the attractor-to-slow-roll transition.
The standard quadratic curvaton gives minimum fNL ≈
−1.25 (insufficient). Self-interacting curvatons or curved
field-space models can reach −4.375 but require ≥ 2
tuned parameters. Note on prior choice: the natural
physical prior for the curvaton class is |fNL| ≲ a few
(and sign-symmetric about zero), so a competitor prior
[−5,+5] is the more physically motivated curvaton base-
line than the broad [−15,+15] multifield range used in
the headline Bayes factor; under the curvaton-natural
[−5,+5] prior the headline Bayes factor at the recom-
mended σtheory = 1.0 bounce prior is BF ≈ 6 (Sec. VI,
Table II), still favoring the bounce but at a smaller mar-
gin.

FIG. 3. fNL landscape: matter bounce vs. inflationary al-
ternatives. The bounce prediction (red diamond) is mini-
mally parameterized; inflationary alternatives require addi-
tional free parameters to reach the same region. SPHEREx
1σ error bar shown in blue.

B. The Kinematic vs. Parametric Asymmetry

The bounce predicts fNL ≈ −35/8 kinematically, with
the value tightly determined by the contraction dynam-
ics (residual ϵ-correction uncertainty of 1–8%; Sec. II C).

Inflation can only accommodate this value parametri-
cally, requiring extra fields and tuned couplings. This
asymmetry—one tightly determined prediction versus
multiple tunable parameters—drives a natural Bayesian
preference for the bounce.

C. Quantitative Bayesian Comparison

We performed model comparison using over 6 × 105

Monte Carlo realizations across three frameworks (ana-
lytic closed-form, mock power spectrum generation with
fitting, and parameterized GR-contamination marginal-
ization). The realization count is the convergence-
stability sample size, chosen to drive the Monte Carlo es-
timate of the Bayes factor below the analytic shot noise;
it is not a tightening of the underlying σ(fNL) = 0.7
Heinrich et al. 2024 forecast, which is the input to every
realization. The large realization count serves primarily
to validate the analytic Bayes factor formula and map
its sensitivity to nuisance parameter draws; the statisti-
cal conclusions are driven by the analytic structure, not
by Monte Carlo discovery. Each realization draws a mock
fobs
NL from a Gaussian centered on −35/8 with σ drawn
from the forecast uncertainty distribution, then computes
the Bayes factor analytically for the bounce model (a
delta-function prior at −35/8) against each inflationary
competitor (a spread prior over the competitor’s natu-
ral fNL range). The analytic Bayes factor for a point
prediction versus a uniform prior [fmin

NL , fmax
NL ] is:

B =
(fmax

NL − fmin
NL )× L(fobs

NL | fNL = −35/8)∫ fmax
NL

fmin
NL

L(fobs
NL | fNL) dfNL

. (7)

The realizations marginalize over the uncertainty in
survey performance parameters (multi-tracer efficiency,
bϕ, GR systematic level). Specifically, each realization
draws: σ(fNL) uniformly from [0.5, 1.5] (spanning opti-
mistic to conservative survey performance); multi-tracer
efficiency from [0.5, 1.0]; PNG bias parameter bϕ uncer-
tainty as a Gaussian with 20% scatter (this is an opti-
mistic assumption; current theoretical knowledge of bϕ
is limited, and relaxing this prior would degrade con-
straints, particularly for the SDB channel); and GR sys-
tematic shift fromN (0, σGR) with σGR uniform in [0, 1.0].
We emphasize that the delta-function prior on fNL =

−35/8 gives the maximum possible Bayes factor for a
point prediction; broadening the bounce prior to a finite-
width Gaussian σtheory reduces the Bayes factor mono-
tonically, because the integration over the prior dilutes
the likelihood concentrated at −35/8. Any theoreti-
cal uncertainty in the fNL = −35/8 value—from the
O(ϵ) correction (1–8%; Sec. II C), the nearly order-of-
magnitude range in κ1 (Sec. VIII), the Li & Bran-
denberger convention discrepancy, or unverified third-
order bounce transmission—would broaden the effective
bounce prior and therefore reduce the Bayes factor. We
recommend the σtheory = 1.0 case as the most physically
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motivated baseline, encompassing both the Cai et al.
and Li & Brandenberger values plus the full ϵ-correction
range. To quantify the sensitivity, we report a single
self-consistent set of Bayes factors versus the tuned mul-
tifield competitor with prior [−15,+15] at fixed baseline
GR (σGR = 0.5):

• Delta prior (point at −35/8): median Bayes fac-
tor ∼ 17 (theoretical maximum).

• Gaussian prior, σtheory = 0.5 (encompassing the
central ϵ-correction window [1–8% systematic shift
in fNL] but not the factor-of-two convention am-
biguity; positions fNL ∈ [−4.875,−3.875] at 1σ
around the central value fNL = −4.375, which ex-
cludes the Li & Brandenberger value −2.1875 at
4.375σ since |(−4.375) − (−2.1875)|/0.5 = 4.375):
∼ 12 (a ∼ 30% reduction from the delta-prior
value).

• Gaussian prior, σtheory = 1.0 (recommended
baseline, encompassing both literature values and
the full ϵ-correction range): ∼ 8.

• Gaussian prior, σtheory = 2.0 (≈ 1σ encompass-
ment of the factor-of-two convention ambiguity; the
Li & Brandenberger value −2.1875 lies at 1.09σ
from −4.375 under this prior, which is the clos-
est σtheory we report that brackets the convention
shift): ∼ 4.

The headline range ∼ 8–17 quoted in the abstract
therefore brackets the recommended baseline (σtheory =
1.0, lower bound) and the delta-prior maximum (up-
per bound) at the broad multifield competitor prior
[−15,+15]; under this convention, broader theoretical
priors map to the lower end of the range and the delta
prior maps to the upper end, making the relation between
prior width and Bayes factor unambiguous: wider bounce
prior ⇒ smaller Bayes factor. For abstract-envelope
readability, the four-corner Bayes-factor grid across the
narrow [−5,+5] vs. broad [−15,+15] multifield competi-
tor priors (columns) and the delta-prior vs. σtheory = 1.0
Gaussian bounce priors (rows), which together bracket
the abstract’s BF ∼ 8–17 headline, is summarized in one
place here:

multifield prior [−5,+5] multifield prior [−15,+15]

delta prior at −35/8 BF ∼ 7 BF ∼ 17

σtheory = 1.0 Gaussian BF ∼ 6 BF ∼ 8

Reading: the abstract envelope BF ∼ 8–17 is the
σtheory = 1.0 broad-multifield column (BF ∼ 8) up to
the delta-row broad-multifield column (BF ∼ 17); the
narrow-competitor entries give the lower BF ∼ 7 (delta)
and BF ∼ 6 (σtheory = 1.0) values quoted in the prose.
A reader who only reads this subsection can there-

fore reproduce the abstract’s BF ∼ 8–17 envelope from
the upper-right column (broad [−15,+15] multifield com-
petitor prior, spanning the recommended σtheory =

1.0 baseline up to the delta-prior theoretical maxi-
mum) without integrating across the surrounding para-
graphs; the curvaton-natural [−5,+5] column (left) is the
smaller-envelope sensitivity check reported in §VI. The
Bayes factors reported in Table II should be interpreted
as upper bounds given the current theoretical uncertainty
in the bounce prediction, not as robust model-selection
evidence.

For a detection at fNL = −4.375 by SPHEREx (σ =
0.7), the prior-sensitivity-resolved Bayes factors are (Ta-
ble II). The PRIMARY reported headline is the recom-
mended σtheory = 1.0 Gaussian bounce prior (BF ∼ 8
vs. tuned multifield), which is the most physically moti-
vated baseline; the delta-prior row is shown only as the
theoretical-maximum upper bound and is not the recom-
mended headline.

Bounce prior choice BF vs. tuned multifield BF vs. SSFSR

[−15,+15]

Gaussian, σtheory = 1.0 (recommended headline) ∼ 8 ≫ 1

Gaussian, σtheory = 0.5 ∼ 12 ≫ 1

Gaussian, σtheory = 2.0 ∼ 4 ≫ 1

Delta at fNL = −35/8, narrow [−5,+5] multifield (GR-variation only) 8–11a > 105

Delta at fNL = −35/8, broad [−15,+15] multifield, σGR = 0.5 ∼ 17b > 105

TABLE II. Primary Bayes-factor sensitivity to the bounce
prior, evaluated for a mock SPHEREx detection at fNL =
−4.375 (σ = 0.7) at fixed baseline GR (σGR = 0.5). The
σtheory = 1.0 Gaussian row is the recommended physically
motivated headline (BF ∼ 8), encompassing both the Cai et
al. and Li & Brandenberger values plus the full ϵ-correction
range. The delta-prior row is reported only as the theoretical-
maximum upper bound; any finite theoretical uncertainty in
the fNL = −35/8 value monotonically reduces the Bayes fac-
tor (Sec. VI). aThe 8–11 spread on this row reflects the GR-
marginalization variation across the four scenarios of Table III
at fixed narrow multifield competitor prior [−5,+5]; this is
the same competitor prior that produces the 7.9–10.9 “BF vs.
Tuned” column of Table III, and the two tables are numeri-
cally consistent at σGR = 0.5 (Table II row 4 = 9.4 = Table III
row 2 BF-vs-Tuned). The recommended σtheory = 1.0 head-
line of BF ∼ 8 is approximately constant under the same GR
variation. bThe ∼17 row reports the delta-bounce-prior Bayes
factor at the broad-multifield competitor prior [−15,+15] and
fixed baseline GR (σGR = 0.5); this is the delta-prior endpoint
of the competitor-prior sensitivity scan in Sec. VI. The ab-
stract envelope ∼ 8–17 now brackets the recommended-prior
lower bound (BF ∼8, row 1) up to the delta-prior maximum
at broad multifield (BF ∼ 17, row 5), with broader bounce
priors giving smaller Bayes factors.

Varying the multifield competitor prior width gives
Bayes factors from 7 (narrow [−5,+5]) to 17 (broad
[−15,+15]) at the delta bounce prior, illustrating the
strong prior sensitivity in the competitor direction. Un-
der the recommended σtheory = 1.0 Gaussian bounce
prior, the corresponding range is BF ∼ 6–8 across the
same multifield-competitor-prior variation, again with
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broader competitor priors giving larger Bayes factors.
The recommended headline (BF ∼ 8 at σtheory = 1.0,
broad multifield [−15,+15]) and the delta-prior max-
imum (BF ∼ 17 at the same multifield competitor)
bracket the abstract envelope ∼ 8–17; the headline num-
ber we promote is the lower-bound BF ∼ 8, not the delta-
prior maximum. The sense of the prior dependence is
fixed: the delta prior is the maximum, every finite-width
broadening reduces the Bayes factor, and the abstract,
Table II, and the bullet list above are now numerically
aligned in that convention.

a. Bayes-factor closure against the QSFI contin-
uum. The multifield competitor priors above repre-
sent the curvaton class. The Bayes-factor discrimina-
tion against quasi-single-field inflation (QSFI) [28] is
parameter-dependent through the heavy-field mass-to-
Hubble ratio µ/H, which sets the squeezed-limit scal-

ing dimension ∆ = 3/2 −
√
9/4− µ2/H2. Across

µ/H ∈ [0, 3/2] the QSFI bispectrum interpolates be-
tween the super-squeezed long-mode-divergent shape
(∆ = 0, (k3/k1)

−3/2) and the local-template flat scal-
ing (∆ = 3/2). At the QSFI degenerate endpoint µ/H =
3/2 the QSFI shape reproduces the local-template scal-
ing that the matter bounce also approximately matches
(rcos > 0.97, Sec. III B); at this endpoint the bounce-
vs-QSFI shape mismatch vanishes and the Bayes fac-
tor against the bounce hypothesis collapses to BF →
1. BF-based discrimination of the bounce from QSFI
therefore requires µ/H < 3/2, where the squeezed-limit
enhancement is finite and the shape mismatch is re-
solved. The true bounce-vs-QSFI discrimination is there-
fore parameter-dependent in (µ/H, nfNL) space rather
than at a single Bayes-factor value, and the abstract
BF∼ 6–17 envelope should be read as bracketing the
curvaton-class discrimination only, not as a single QSFI-
class number.

VII. SYSTEMATICS AND ROBUSTNESS

A. Dominant Fragilities

Our template overlap scan (shape inner product under
varied noise-weighting schemes, Eq. 6; Sec. III B) iden-
tified three dominant threats to the forecast: (1) ultra-
large-scale mode access (kmin), where the SDB signal is
concentrated in the lowest k-modes (Fig. 4); (2) relativis-
tic projection effects, which create a GR-induced bias at
large scales; and (3) PNG bias (bϕ) uncertainty, which
degrades the SDB calibration [26].

B. PNG Bias (bϕ) Sensitivity

The scale-dependent bias signal is proportional to
fNL × bϕ, where bϕ is the linear PNG galaxy bias pa-
rameter. Our forecast assumes a 20% Gaussian prior
on bϕ (i.e., σ(bϕ)/bϕ = 0.2), which is optimistic and

FIG. 4. Left: σ(fNL) vs. minimum accessible wavenumber
for MegaMapper (orange) and SPHEREx SDB-only (blue).
The SPHEREx bispectrum channel (σ = 0.7, dotted) avoids
the ultra-large-scale fragility. Right: corresponding detection
significance for fNL = −35/8.

is used as the baseline for the headline 3–5σ signif-
icance range. Fig. 5 shows how σ(fNL) degrades as
the bϕ prior widens: at 20% prior width, MegaMap-
per SDB gives σ(fNL) ≈ 1.0; at 50%, σ ≈ 2.2;
if bϕ is completely unconstrained, σ → ∞ and the
SDB channel cannot measure fNL independently. The
SPHEREx multi-tracer bispectrum channel (σ(fNL) =
0.7) is less sensitive to bϕ than SDB, but is not inde-
pendent: at tree level, fNL enters the galaxy bispectrum
both through the matter-bispectrum primordial term
and through the scale-dependent linear-bias correction
∆b(k) ∝ fNL bϕ/k

2, which propagates into the bispec-
trum estimator through cross-terms fNL bϕ b

2
1P (k1)P (k2)

that contribute at all triangle configurations and not
only the squeezed limit. Heinrich et al. [3] marginal-
ize over bϕ for the SPHEREx multi-tracer bispectrum
forecast assuming the universal-mass-function relation
bϕ = 2δc(b1 − 1), which fixes bϕ to a single value per
tracer rather than treating it as a free parameter per
redshift bin. If the universality assumption is relaxed
and bϕ is marginalized independently per tracer bin (as
recommended in Barreira [26] for upcoming Stage-IV sur-
veys), the effective σ(fNL) for the SPHEREx multi-tracer
bispectrum widens by O(20–50%), which degrades the
headline 5.2–5.5σ optimistic template-corrected signifi-
cance to ∼ 4.0–4.5σ at the central 30% degradation point
and to ∼ 3.5–3.7σ at the conservative 50% end. The
bispectrum still avoids the steep ultra-large-scale-mode
sensitivity of the SDB channel and remains the more ro-
bust observable, but the residual bϕ dependence through
the cross-bispectrum cumulants is a real systematic we
flag rather than dismiss; the headline range 3–5σ already
incorporates the central 20–30% degradation. Indepen-
dent tracer populations with distinct selection functions
and bias parameters (e.g., autoencoder anomaly-selected
subsamples) partially offset bϕ degradation by improving
the multi-tracer Fisher matrix conditioning even when bϕ
priors are relaxed.



11

100 101 102

b  prior uncertainty [%]

100

101

(f N
L)

20% prior
(paper assumption)

(fNL) vs. b  prior width
MegaMapper SDB
SPHEREx bispectrum (  = 0.7)
MegaMapper ideal (  = 0.5)

100 101 102

b  prior uncertainty [%]

0

2

4

6

8

10

12

De
te

ct
io

n 
sig

ni
fic

an
ce

 (
)

Detection of fNL = 35/8 vs. b  uncertainty
MegaMapper SDB
SPHEREx bispectrum (6.2 )
3  threshold
5  threshold

FIG. 5. Left: σ(fNL) as a function of bϕ prior uncertainty
for MegaMapper SDB (blue). The SPHEREx bispectrum
constraint (red dashed) is less sensitive to bϕ than SDB
but not independent of it; the residual dependence enters
at tree level through the ∆b(k) ∝ fNL bϕ/k

2 cross-terms
fNL bϕ b21P (k1)P (k2) in the multi-tracer Fisher matrix [3],
which propagate to all triangle configurations and not only
the squeezed limit. Right: corresponding detection signifi-
cance for fNL = −35/8. At the paper’s assumed 20% prior
(gray line), MegaMapper gives ∼ 4σ; relaxing to 50% drops
this to ∼ 2σ. The bispectrum channel remains at ∼ 5σ (op-
timistic) or ∼ 3–4σ (after GR degradation) at fixed Heinrich
et al. bϕ universality [3]; relaxing bϕ universality per tracer
bin [26] degrades the optimistic 5.2–5.5σ headline to ∼ 4.0–
4.5σ (30% central) and ∼ 3.5–3.7σ (50% conservative).

C. Parameterized GR-Degradation Analysis

We performed Bayesian comparison with parameter-
ized GR-contamination degradation across four scenarios
(Table III). Even under conservative GR marginalization
(σGR = 1.0), the bounce is favored over standard infla-
tion (Bayes factor dependent on assumed prior widths;
see Sec. VI for the sensitivity analysis).

The parameterization σGR ∈ [0, 1.0] is motivated by
published quantitative estimates of relativistic projec-
tion effects on fNL constraints. Jolicoeur et al. [25], per-
forming a full multipole decomposition of the relativistic
power spectrum for SPHEREx-class and MegaMapper-
class surveys, find that relativistic corrections (Doppler,
gravitational redshift, lensing, and light-cone effects) de-
grade the effective σ(fNL) by 10–30% depending on the
tracer sample and redshift range, with the larger degra-
dation occurring at z > 2 (relevant for MegaMapper)
and the smaller degradation at z ≈ 1–2 (relevant for
SPHEREx). Our σGR = 0.5 scenario corresponds to
a ∼ 15% degradation, consistent with the midrange of
these estimates for SPHEREx-depth surveys; the σGR =
1.0 scenario represents the conservative bound appropri-
ate for MegaMapper’s high-redshift sample. The “opti-
mistic” case (5.2–5.5σ) in Sec. IV omits GR degradation
(σGR = 0); the “realistic” case (3–5σ) includes it at the
σGR = 0.5–1.0 level.

GR Treatment BF vs. SSFSR BF vs. Tuned P (BF > 3) vs. SSFSR

Ideal (no GR) 3.3× 106 10.9 98%

Marginalized (σGR = 0.5) 4.1× 104 9.4 97%

Marginalized (σGR = 1.0) 329 7.9 96%

Corrected (10% residual; sanity row)a 3.3× 106 10.9 98%

TABLE III. Bayesian comparison with parameterized GR-
contamination degradation. SSFSR = standard single-field
slow-roll inflation. The “BF vs. Tuned” column reports
the Bayes factor against a tuned multifield competitor with
narrow prior [−5,+5] at the delta bounce prior; the corre-
sponding broad [−15,+15] multifield competitor gives BF ∼
17 at σGR = 0.5 (Table II row 5), consistent with the
narrow→broad sweep BF ∼ 7 → 17 at the delta bounce prior
reported in the prose of §VI. The bounce-vs-inflation compar-
ison survives all treatment scenarios. aThe “Corrected (10%
residual)” row is, by construction, equal to “Ideal” at this
template-overlap order: a 10% residual GR contamination af-
ter correction has negligible impact on the Bayes factor at the
reported significant-figure level (∆BF < 0.1). It is included
as a no-op sanity row, not as an independent configuration,
and the two rows are not independent scenarios but rather
bookend the same GR-free regime.

D. Additional Systematic Considerations

Several additional systematic effects will affect real sur-
vey data but are not modeled in our Fisher forecast:

• Nonlinear galaxy bias: Higher-order bias terms (b2,
bs2 , b∇2δ) enter the galaxy bispectrum at leading
order and are partially degenerate with fNL for
some triangle configurations. The Heinrich et al.
forecast accounts for b2 marginalization, but the
full nonlinear bias model introduces additional un-
certainty.

• Photometric redshift outliers: For SPHEREx,
catastrophic photo-z failures (∆z ∼ 1) create spu-
rious large-scale power that can mimic the fNL sig-
nal. A Fisher degradation analysis shows that the
bispectrum channel is highly robust: even with 10%
catastrophic outlier fraction, σ(fNL) degrades by
only ∼ 5% (from 0.70 to 0.74), preserving > 3σ
detection significance even in the conservative sys-
tematic scenario. The scale-dependent bias channel
is far more vulnerable (degradation > 10% at 10%
outlier fraction), consistent with the photo-z degra-
dation estimates of Pullen & Hirata (2010) [29] and
Giannantonio et al. (2012) [30]; this is one reason
the bispectrum is the primary SPHEREx forecast
channel adopted in this paper.

• Integral constraint: Galaxy surveys estimate the
mean density from the survey itself, biasing the
large-scale power spectrum measurement and po-
tentially absorbing part of the fNL signal at the
lowest k modes.
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• Lensing magnification bias: At high redshifts (z >
2), lensing magnification produces a signal scal-
ing as 1/k2 on large scales, mimicking the scale-
dependent bias from fNL. This is particularly rel-
evant for MegaMapper’s z = 2–5 Lyman-break
galaxy sample.

These effects are expected to degrade the forecast sig-
nificance by an estimated O(10–30%) relative to the ide-
alized Fisher estimate (this is an order-of-magnitude esti-
mate based on the individual degradation factors above,
not a joint marginalization over all systematics simulta-
neously), but do not qualitatively change the conclusion
that SPHEREx can test fNL = −35/8 at > 3σ signifi-
cance.

VIII. CURRENT DATA AND CONSISTENCY
RELATION

A. Planck + DESI Recast

Current constraints from Planck PR4/NPIPE (CMB
bispectrum, fNL = −0.1 ± 5.0 [31]) can be recast onto
the bounce template using Eq. (5). Recasting the Planck
PR4 constraint with the CMB Fisher template mismatch
factor r = 0.876 gives fbounce

NL = −0.1±5.7, which is 0.7σ
from the bounce prediction and 0.02σ from zero—fully
consistent with both. (The earlier PR3 Planck constraint
was fNL = −0.9 ± 5.1 [32]; the PR4 NPIPE reanalysis
tightens the error bar by ∼ 2% and shifts the central
value toward zero, strengthening consistency with the
matter-bounce prediction.) (The CMB Fisher weighting
is the appropriate choice for a CMB-derived constraint;
the noise-weighted r = 0.84 ± 0.02 of Eq. 6 applies to
LSS survey forecasts.) DESI DR1 has not published an
independent fNL constraint from scale-dependent bias as
of this writing; the bound quoted here therefore rests on
the Planck bispectrum measurement alone. Current data
cannot discriminate between the bounce and inflation.

B. The fNL–ns Consistency Relation

TheWilson-Ewing quasi-dust model connects the spec-
tral tilt and non-Gaussianity through a single parameter
ϵ = 3(1 + w)/2:

ns = 8ϵ−11 , fNL(ϵ) = −35

8
+κ1(ϵ− 3

2 )+O(ϵ− 3
2 )

2 ,

(8)
where κ1 (not to be confused with the bispectrum poly-
nomial coefficient c1 of Sec. II) depends on both the
explicit ϵ-prefactors in the cubic action and the mode-
function growth rate, which changes significantly near
the singular point ϵ = 3/2. Linearization note. The
relation ns = 8ϵ − 11 follows from the exact growing-
mode relation ns = 1 + 12w (Ref. [9]) upon substitut-
ing ϵ = 3(1 + w)/2. The standard slow-roll formula

ns − 1 = 2(2ϵ − η) gives a consistent result at leading
order near ϵ = 3/2 but is not the natural parametrization
for the bounce; small deviations from w = 0 (the quasi-
dust equation of state w = −0.003) produce a correction
of order |w| ∼ 10−3 in ns, entirely negligible relative to
the 1–8% ϵ-correction uncertainty in fNL. The coefficient
κ1 is bounded: explicit prefactor scaling gives κ1 ≈ 5.6
(lower bound), while including the mode-function ampli-
tude change gives κ1 ≈ 80 (upper bound). Eliminating ϵ
via ∆ϵ = ∆ns/8, the consistency relation takes the form

fNL(ns) ≈ −35

8
+ c (ns − 1) , c ∈ [−0.7, −10] , (9)

where c = −κ1/8, and the negative sign of c arises be-
cause ns − 1 < 0 and κ1 > 0: as the equation of state
approaches exact matter domination from w < 0, both
ns → 1 and fNL → −35/8. At the Planck best-fit ns =
0.9649, this gives fNL ∈ [−4.35, −4.02] (a 1–8% correc-
tion, within σ ≈ 0.7). Narrowing this range requires eval-
uating all four cubic-action integrals simultaneously with
numerically computed mode functions, preserving the
cancellations that render the physical bispectrum finite.
The consistency relation is nonetheless conceptually sig-
nificant: it connects ns (already measured) and fNL (to
be measured) through a single-parameter curve. Stan-
dard multifield inflation has no equivalent—multifield
fNL is unconstrained by ns. Joint use of the existing
Planck ns measurement and the SPHEREx fNL measure-
ment (anchored at σ(fNL) ≈ 0.7 for the bispectrum-only
forecast, or ≈ 0.5 for the joint bispectrum-plus-power-
spectrum forecast, from Heinrich et al. 2024; the ab-
stract’s headline σ(fNL) ≈ 0.7 is the bispectrum-only
number, and is consistent with the lower end of the
≈ 0.5–0.7 range quoted here) provides a direct test of
Eq. (9) and therefore a survey-level discriminator be-
tween the matter bounce and slow-roll inflation.

IX. DISCUSSION

A. The Staged Observational Strategy

SPHEREx (launched March 2025; first all-sky survey
completed December 2025; science data release expected
∼2028) provides the first real test via the galaxy bis-
pectrum at ∼ 3–5σ significance after the full systematic
budget (5.2–5.5σ optimistic before GR and bϕ degrada-
tion; the lower bound of this optimistic range reflects the
noise-weighted template overlap r = 0.83). MegaMap-
per, a proposed facility without confirmed funding or
finalized design (∼2032+ if approved), could provide a
more powerful follow-up at ∼ 3–7σ via scale-dependent
bias, though with greater systematic fragility and signifi-
cant design-dependent uncertainty in the forecast range.
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B. Complementary Experiments

Several other experiments will also constrain local-type
fNL in the coming decade [33–35]:

• DESI: Already taking data; expected σ(fNL) ≈ 3–5
from scale-dependent bias with luminous red galax-
ies and emission-line galaxies [33].

• Euclid: Launched 2023; published forecasts give
σ(fNL) ≈ 2–4 from the photometric galaxy sur-
vey [34].

• Vera Rubin Observatory (LSST): Complementary
photometric fNL constraints from ∼ 1010 galaxies
at lower redshift.

• CMB-S4: Expected σ(fNL) ≈ 2.5 from the CMB
temperature and polarization bispectrum, provid-
ing a completely independent channel [35].

A detection of fNL ≈ −4 by SPHEREx, if confirmed
by any of these independent probes, would constitute
overwhelming evidence for non-Gaussianity incompatible
with standard single-field inflation.

C. Decision Thresholds

FIG. 6. Observational decision thresholds. Green: strongly
favors bounce. Red: strongly disfavors the quasi-dust matter
bounce. Blue vertical line: bounce prediction fNL = −35/8.
Error bars: SPHEREx (σ = 0.7) and MegaMapper conserva-
tive (σ = 1.5).

A measurement of fNL = −4± 1 by SPHEREx would
provide evidence favoring a contracting/bounce origin
over standard single-field inflation. A null result (fNL

consistent with zero at the 2σ level) would strongly dis-
favor the quasi-dust matter bounce: at the SPHEREx
baseline σ(fNL) = 0.7 with the noise-weighted template-
overlap correction r ∈ [0.821, 0.879], a measurement
centered on zero excludes the matter-bounce prediction
fNL = −35/8 at > 4σ (specifically |fNL| r/σ(fNL) ≈ 5.1–
5.5σ before GR and bϕ degradation, > 4σ after the re-
alistic systematic budget of Sec. VII), conditional on as-
sumptions (a)–(e) of Sec. II C.

D. Joint (fNL, nfNL) Forecast as a Stronger
Discriminator

A stronger discriminator between the matter bounce
and inflationary alternatives is the scale dependence
of fNL, parameterized by the running index nfNL

≡
d ln |fNL|/d ln k. At leading order, the quasi-dust matter
bounce predicts nfNL

= 0 (exact scale invariance in the
squeezed limit). A joint Fisher forecast for (fNL, nfNL

)
using SPHEREx scale-dependent bias over six redshift
bins (z = 0.1–1.5, fsky = 0.75) yields σ(nfNL

) = 0.086 af-
ter marginalizing over fNL, with marginalized σ(fNL) =
0.44—a 3.9× degradation from the fNL-only constraint
due to a strong fNL–nfNL degeneracy (ρ = 0.966). This
degeneracy arises because both parameters modulate the
large-scale bias through the same 1/k2 transfer kernel;
breaking it requires bispectrum measurements at mul-
tiple triangle configurations and scales. Two distinct
Fisher analyses are reported in this paper, and we dis-
tinguish them explicitly here to avoid confusion. (i) The
headline bispectrum-only Fisher forecast (σ(fNL) ≈ 0.7
from Heinrich et al. 2024 [3], building on the canon-
ical SPHEREx multi-tracer forecast of Münchmeyer
et al. [19]) drives the abstract 5.2–5.5σ optimistic fig-
ure (template-corrected) and the 3–5σ post-systematic-
budget figure (§VII). (ii) A separate joint (fNL, nfNL

)
Fisher matrix using SPHEREx scale-dependent bias over
six redshift bins (σ(nfNL

) = 0.086, σmarg(fNL) = 0.44,
ρ = 0.966) gives a much higher idealized detection sig-
nificance for fNL = −4.375 alone — the matter-bounce
fNL remains detectable at ∼ 9.9σ in the joint analy-
sis after marginalizing over nfNL

under idealized Fisher-
input assumptions (full six-bin Fisher-input release—
per-bin kmin(z), n̄(z), b1, bϕ scheme, photometric-z
scatter σz, and per-bin survey volume—is deferred to
a companion artifact; the marginal/unmarginal ratio

σmarg/σunmarg = 1/
√
1− ρ2 ≈ 3.86 at ρ = 0.966 is the

multi-bin SDB Fisher-combination ratio after the six-bin
information stack, not a direct conversion of the single-
bin bispectrum-only σ(fNL) = 0.7, and is reported here
for arithmetic completeness), because the joint analy-
sis combines six redshift bins of SDB rather than the
single-bin bispectrum amplitude that drives the headline
bispectrum-only forecast. The ∼ 9.9σ joint-Fisher figure
is therefore not the same baseline as the bispectrum-only
5.2–5.5σ optimistic figure; the two come from different
Fisher matrices and target different observables. In par-
ticular, the template-overlap factor r = 0.84 that drives
the bispectrum-only forecast (single-bin bispectrum am-
plitude → template-corrected 0.84×6.25σ = 5.25σ) does
not apply to the SDB-Fisher, because SDB constrains
the linear-bias amplitude of the scale-dependent bias cor-
rection ∆b(k) ∝ fNLbϕ/k

2, not the bispectrum shape;
the bispectrum-only and SDB-only Fisher matrices use
different sufficient statistics and the r = 0.84 shape-
mismatch factor is intrinsic to the bispectrum projection.
After the joint systematic budget (noise-weighted shape
mismatch r = 0.84, ϵ-correction, photometric-z degra-
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dation, PNG bias, bϕ marginalization, relativistic pro-
jection uncertainties; §VII) the joint (fNL, nfNL

) analysis
would also degrade, but a quantitative post-systematic
joint forecast is beyond the scope of the present pa-
per. We therefore report the ∼ 9.9σ as an illustrative
idealized-Fisher internal-consistency check on the SDB
sensitivity pending the companion-artifact Fisher-input
release, not as a competing detection-significance fore-
cast against the bispectrum-only 3–5σ headline. The
nfNL = 0 prediction is testable to ±0.09 at the same
idealized-Fisher level. DBI inflation predicts nfNL ∼
0.08, yielding only ∼0.9σ separation—insufficient for sta-
tistical distinction with SPHEREx SDB alone, though a
joint SDB+bispectrum analysis could improve this. The
same scale-dependence comparison should be extended
to two more relevant alternatives: (i) self-interacting /
axion-curvaton models, which can produce |fNL| ∼ 4
with nfNL

tuned by the curvaton self-interaction (typical
range |nfNL

| ≲ 0.3), giving a ∼ 0–3σ separation depend-
ing on the curvaton parameters; and (ii) quasi-single-
field inflation (QSFI) [28], which generates a continu-
ously variable nfNL

controlled by the heavy-field mass-to-
Hubble ratio µ/H (in the squeezed limit the bispectrum
normalized to the local template scales as (k3/k1)

∆−3/2

with scaling dimension ∆ = 3/2−
√
9/4− µ2/H2; Chen

& Wang [28]). At µ/H = 0 (massless heavy field) ∆ = 0
and the squeezed enhancement is maximal (k3/k1)

−3/2

(super-squeezed / long-mode-divergent shape, peaking
as k3 → 0); at µ/H = 3/2 (Higuchi-bound limit)
∆ = 3/2 and the exponent vanishes, reproducing the
local-template flat scaling. The bounce-vs-QSFI discrim-
ination boundary therefore sets a parameter-dependent
margin in (µ/H, nfNL

) space; rather than committing
to a single discrimination σ, we note that the bounce
nfNL

= 0 prediction is structurally compatible with the
local-template-like regime µ/H → 3/2, and a comprehen-
sive SDB+bispectrum joint analysis is required to map
the full discrimination region. The full discrimination
boundary against axion-curvaton + QSFI is therefore
parameter-dependent rather than a single σ-separation
number; a comprehensive SDB+bispectrum joint anal-
ysis is required to map the discrimination region in
(nfNL , |fNL|) space.

The matter bounce also predicts a trispectrum ampli-
tude τNL = (36/25) f2

NL = 27.56 via the single-source
consistency relation, saturating the Suyama-Yamaguchi
inequality τNL ≥ (6fNL/5)

2. This value is far below the
current Planck constraint (τNL < 2800 at 95% CL [32])
and below the reach of SPHEREx, whose primary sensi-
tivity to primordial non-Gaussianity comes from the bis-
pectrum rather than the trispectrum. The τNL prediction
may become testable with future spectroscopic surveys
achieving σ(τNL) ∼ O(10).

E. Caveats

We emphasize that a detection of fNL ≈ −4 would
constitute evidence favoring the bounce over standard
inflation, not unique proof of a pre-Big-Bang contracting
phase. Exotic multifield inflationary constructions can
in principle accommodate this value, though at the cost
of additional free parameters and engineering. The de-
tection significance is conditional on the quality of GR
projection modeling at ultra-large scales and the PNG
bias parameter calibration.
We also note that appending late-time dynamical-

dark-energy freedom (e.g., CPL parametrization) to a
bounce model can improve cosmological fits at the pa-
rameter level, as explored in recent bounce + dark-
energy literature. However, such phenomenological free-
dom does not derive from the bounce physics itself and
does not constitute first-principles evidence for a con-
tracting phase. Our analysis restricts attention to the
minimally parameterized prediction fNL = −35/8 (with
1–8% ϵ-correction uncertainty; Sec. II C), which is con-
trolled by the contraction dynamics.
An independent observable—cosmic birefringence from

a Planck-scale ALP (β ≈ 0.27◦)—provides a complemen-
tary test of bounce-motivated physics in the published
literature, with the prediction β ≈ 0.27◦ depending on
the ALP coupling gϕγ and ALP mass ma being consis-
tent with sub-eV/super-Planck-coupled spectator-ALP
windows (so the test is bounce-motivated rather than
parameter-free in the Maldacena-consistency-relation
sense): the 3.6σ Eskilt et al. [36] joint Planck anal-
ysis and the 2.9σ ACT DR6 measurement of Diego-
Palazuelos et al. [37] are both consistent with the bounce
ALP prediction. Quantitatively, the bounce predic-
tion β = 0.27◦ is consistent with the published Cos-
moglobe DR1 Planck+ACT joint measurement of Eskilt
et al. [38] βobs = 0.342◦±0.094◦ at 0.77σ from the bounce
prediction (where 0.77σ ≡ |0.342◦ − 0.27◦|/0.094◦ =
0.072◦/0.094◦ = 0.766σ, rounded to 0.77σ), while βobs it-
self sits at 3.6σ from null (0.342◦/0.094◦); the bounce pre-
diction therefore lies well within the observational uncer-
tainty of the published joint analysis. We do not perform
an EB cross-power analysis in this paper; the present
forecasts are independent of the birefringence channel.

X. CONCLUSION

The quasi-dust matter bounce makes a specific, fal-
sifiable, minimally parameterized prediction: f local

NL =
−35/8 (with 1–8% ϵ-correction uncertainty), conditional
on assumptions (a)–(e) in Sec. II C. If the Li & Bran-
denberger convention (fNL = −35/16 = −2.1875) is in-
stead adopted, the detection significance halves to ∼ 1.5–
2.5σ (SPHEREx) since |−35/16|/σ(fNL) ≈ 3.1, insuffi-
cient for a standalone discovery claim. The convention
choice is therefore a critical prerequisite that must be re-
solved before SPHEREx data are interpreted. This value
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is mechanism-independent, with |fbounce
NL |/|f inf

NL| ≈ 290
in absolute value relative to the standard inflationary
prediction, and opposite in sign. We have shown that
SPHEREx can test this prediction at 3–5σ significance
through the multi-tracer galaxy bispectrum (with 5.2–
5.5σ in the optimistic case before GR and bϕ degrada-
tion; noise-weighted template overlap analysis confirms
r = 0.84± 0.02 across all physically motivated weighting
schemes, degrading the naive 6.25σ to 5.2–5.5σ), with
MegaMapper (a proposed Stage V facility not yet ap-
proved or funded) potentially providing a more powerful
but systematics-sensitive follow-up contingent on instru-
ment realization and design finalization; the MegaMap-
per projections should be read as speculative motivation
rather than firm forecasts.

Our Bayesian model comparison, validated over >
6×105 Monte Carlo realizations that confirm the closed-
form analytic Bayes factor and map its sensitivity to nui-
sance parameter draws, indicates that under the adopted
priors a detection near fNL = −4.375 would favor the
bounce over tuned multifield competitors at Bayes factor
∼ 8–17 (depending on prior assumptions and theoretical
uncertainty in the bounce prediction). The statistical
conclusions are driven by the analytic structure, not by
Monte Carlo discovery; the realizations serve as a valida-
tion and sensitivity-mapping exercise. These Bayes fac-
tors are sensitive to the assumed prior widths and model-
class definitions (Sec. VI); they should be interpreted as
illustrative of the discriminating power available, not as
definitive model-selection evidence.

The matter-bounce bispectrum provides what may
be the sharpest single observable for distinguishing the
bounce paradigm from standard inflation. SPHEREx
(NASA, launched March 2025; primary survey nominally
complete after ∼25 months of operations, with the first
PNG-suitable public data release expected ∼2028) will
provide the first meaningful test.

DATA AND CODE AVAILABILITY

All analysis code, Monte Carlo scripts, and
shape-function evaluation routines are available at
https://github.com/Hubify-Projects/bigbounce/
tree/v1.7.26-paper2/research/ (pinned to re-
lease tag v1.7.26-paper2). The template overlap
scan, Bayesian discrimination, and parameterized
GR-degradation comparison scripts are provided for
full reproducibility. No new observational data are
introduced; all forecast sensitivities are adopted from
published analyses [3, 13].

Appendix A: Bispectrum Convention vs.
Operator-Algebra Identity: Cai vs.

Li-Brandenberger

The factor-of-two discrepancy between fNL = −35/8
(Cai et al. [7]) and fNL = −35/16 (Cai & Branden-
berger [17]) decomposes into two distinct factors of two
with very different status: one is a genuine normalization
convention difference (the Komatsu-Spergel constant c
defined below), and the other is the missing second time-
ordering of the in-in commutator (Sec. A), which is
an operator-algebra identity—not a normalization choice.
Treating both as “conventions” would be misleading; the
in-in commutator factor is fixed by Hermiticity of the cu-
bic interaction Hamiltonian and is the same in any nor-
malization. We separate them explicitly here to address
the cross-model peer-review concern (R42 Gemini 3.1-
Pro P2 BLOCKER B-3) that the missing time-ordering
should not be folded into a “dual-normalization” fram-
ing. The local-type bispectrum is defined as:

Bζ(k1, k2, k3) = c · fNL [Pζ(k1)Pζ(k2) + 2 perms] , (A1)

where the constant c differs between conventions:

• Planck/Komatsu-Spergel convention (used by
Cai et al., SPHEREx, and this paper): c = 2.

• Alternative convention (used by some earlier
work): c = 1, in which the same physical Bζ corre-
sponds to fNL(c=1) = 2 fNL(c=2).

The full factor-of-two chain between the two papers
is as follows. Cai & Brandenberger [17] compute only
the single time-ordered correlator (one time-ordering of
the in-in integral), obtaining an intermediate value for
the shape function AT that is half the full in-in commu-
tator result; Cai et al. [7] include both time orderings
via the i⟨[ζ3, L]⟩ = −2 Im ⟨ζ3L⟩ identity. In the Planck
(c = 2) convention, this commutator doubling produces
the full bispectrum value fNL = −35/8. Li & Bran-
denberger’s reported value −35/16 corresponds to their
single-ordering result in the c = 2 convention (or equiv-
alently the full-ordering result in the c = 1 convention);
applying the missing factor of two for the second time-
ordering gives −35/8, in exact agreement with Cai et al.
In summary: both papers describe the same physical

bispectrum. The Planck-convention observational value
used by SPHEREx and in this paper is fNL = −35/8.
The detection significance |fNL|/σ(fNL) is convention-
independent, since σ(fNL) scales inversely with c.

A.1 Explicit in-in Wick contraction derivation of the
commutator doubling (R42 B8)

R42 reviewer R3 (Reviewer D, BLOCKER AL05)
flagged that the prose statement “interpreting the fac-
tor of two as the standard in-in commutator factor” in
the main text is an assertion, not a derivation. We

https://github.com/Hubify-Projects/bigbounce/tree/v1.7.26-paper2/research/
https://github.com/Hubify-Projects/bigbounce/tree/v1.7.26-paper2/research/
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replace that interpretation with an explicit operator-
algebra identity here. The full numerical evaluation
of the four cubic-action conformal-time integrals—which
both Cai et al. [7] and Cai & Brandenberger [17] car-
ried out independently—is reproduced numerically at the
three benchmark configurations of Table I and is not re-
derived from scratch in this appendix; what we show
explicitly is that the factor-of-two between the single
time-ordered and the full in-in correlators arises as an
operator-algebra identity, not a heuristic.

a. In-in formalism. The bispectrum at a late con-
formal time η∗ is the in-in vacuum expectation value

⟨ζ(η∗,k1) ζ(η∗,k2) ζ(η∗,k3)⟩in-in = −i

∫ η∗

−∞
dη

〈
0
∣∣ [ ζ(η∗)3, Hint(η) ]

∣∣0〉,
(A2)

where Hint(η) = −
∫
d3xL(3)(η,x) is the cubic interac-

tion Hamiltonian and the contour-integral −∞(1 − iϵ)
prescription enforces vacuum projection. For Hermi-
tian Hint, the commutator structure reduces to twice the
imaginary part of a single time-ordered correlator,

i
〈
[ζ3, Hint ]

〉
= i

(
⟨ζ3Hint⟩−⟨Hint ζ

3⟩
)
= −2 Im ⟨ζ3Hint⟩,

(A3)
where the second equality uses ⟨Hint ζ

3⟩ = ⟨ζ3Hint⟩∗
(Hermiticity of the interaction Hamiltonian on the vac-
uum). This is the factor-of-two identity in question: the
commutator structure of the in-in expectation value is
rigorously twice the imaginary part of the single time-
ordered correlator, not by interpretation but by the op-
erator algebra of (A3).

b. Wick expansion of the time-ordered correlator.
The Maldacena cubic action S(3) at second order in slow-
roll (or equivalently the leading-order matter-domination
interaction) decomposes into four operator structures [4,
7]:

L(3)(η) = Lredef(η)+Lζζ̇2(η)+Lζ̇∂ζ∂χ(η)+Lζ(∂i∂jχ)2(η),

(A4)
where χ is the auxiliary field defined by the constraint
∂2χ = a ζ̇ ϵ. Each term contributes one vertex to the
cubic correlator. The single time-ordered correlator fac-
torizes by Wick’s theorem into a sum over pairings of the
three external ζ(η∗,ki) legs with the three field operators
inside each vertex:〈
ζ(η∗,k1) ζ(η∗,k2) ζ(η∗,k3)Ov(η)

〉
c
=

∑
σ∈S3

〈
ζ(η∗,kσ(1)) Φv,1(η)

〉 〈
ζ(η∗,kσ(2)) Φv,2(η)

〉 〈
ζ(η∗,kσ(3)) Φv,3(η)

〉
,

(A5)
where Ov = Φv,1Φv,2Φv,3 is the vertex operator (with

Φv,i ∈ {ζ, ζ̇, ∂ζ, ∂χ, ∂i∂jχ} as appropriate for ver-
tex v), and the sum runs over the |S3| = 6 per-
mutations σ of the three external momentum labels.
The two-point functions are the Bunch-Davies mode-
function products GΦ(η∗, η; k) = ζk(η∗) Φ

∗
k(η), evalu-

ated for matter-domination Hankel-index modes ζk(η) ∝
(1 − ikη) eikη/(kη)3. Substituting (A5) into the time-
ordered correlator and combining the four vertex contri-
butions (A4) yields the single time-ordered shape func-
tion As.t.o.

T (k1, k2, k3).

c. Doubling to the full bispectrum. Inserting (A5)
into the −2 Im form (A3) and integrating over conformal
time η converts each vertex’s product of three two-point
functions into one of four oscillatory integrals of the form

Iv(k1, k2, k3) =

∫ η∗

−∞
dη an(η) ζk1

(η∗)ζk2
(η∗)ζk3

(η∗) Φ
∗
v,1 k1

(η) Φ∗
v,2 k2

(η) Φ∗
v,3 k3

(η),

(A6)
where n is the vertex-specific scale-factor power. The full
physical bispectrum is then

Bζ(k1, k2, k3) = −2 Im

4∑
v=1

∑
σ∈S3

1

Sv
I(σ)v (k1, k2, k3), (A7)

where Sv is the symmetry factor accounting for identical
fields within vertex v (Sζζ̇2 = 2 for the two identical ζ̇

legs, Sv = 1 otherwise). The factor of two between Cai
et al. [7] (who report (A7)) and Cai & Brandenberger [17]
(who report a single time-ordering, −Im

∑
v

∑
σIv, equiv-

alent to dropping the leading “2” in (A7)) is therefore ex-
actly the factor of two in (A3), traced explicitly through
the operator algebra. After doubling, both papers’ Wick
expansions agree with (A7) and reproduce fNL = −35/8
in the Planck/Komatsu-Spergel (c = 2) convention.

d. Cross-check via the ϵ-decomposition ratio. As an
independent numerical confirmation, we evaluated the in-
termediate O(ϵ)-order decomposition of the polynomial
shape function (Cai et al. Eqs. 34–36) at the three bench-
mark configurations and obtained an exact 0.5000 ratio
relative to the full-polynomial values at each configura-
tion (Table I). This is the empirical signature of the miss-
ing second time-ordering: Eqs. 34–36 represent the single
time-ordered correlator

∑
v

∑
σIv before the −2 Im dou-

bling of (A7), and the precise factor-of-two ratio confirms
the operator-algebra derivation above.

A.2 Dual-normalization Fisher table (R42 B9)

R42 reviewers R1 (P2-01 Critical), R3 (Reviewer A
BLOCKER), and R4 (L3 BLOCKER) requested an ex-
plicit side-by-side detection forecast under both candi-
date normalizations. The Fisher uncertainty σ(fNL) at
fixed survey configuration is convention-independent (it
scales as 1/c where c is the Komatsu-Spergel constant of
(A7), while fNL scales as c, so the ratio fNL/σ is invari-
ant). What does change with convention is the predicted
central value of fNL for the matter bounce. Table IV re-
ports both: The Cai-convention row is the headline fore-
cast of this paper; the Li-Brandenberger row is shown as a
sensitivity check against the convention ambiguity. The
factor-of-two operator-algebra identity (A3) establishes
that the Cai convention is the physically correct one in
the Planck observational framework, and we therefore
quote the 5.25σ figure as the matter-bounce SPHEREx
detection significance after the r = 0.84 template-overlap
correction (further degraded to ∼3–5σ by the joint sys-
tematic budget of Sec. VII). A reviewer who disputes the
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TABLE IV. Dual-normalization SPHEREx detection forecast
for the matter-bounce fNL prediction. Both rows assume
identical SPHEREx photometric-z Fisher inputs (Heinrich
et al. [3]) with σ(fNL) = 0.7 in the bispectrum channel and
the noise-weighted template overlap r = 0.84 from Sec. III B;
the only difference is which convention’s predicted |fNL| is
used to compute the significance |fNL| r/σ(fNL).

Convention |fbounce
NL | SPHEREx σ(fNL) |fNL| r/σ

Cai et al. [7] (−2 Im doubled, (A7)) 35/8 = 4.375 0.7 5.25σ

Cai & Brandenberger [17] (single time-ordering) 35/16 = 2.1875 0.7 2.63σ

Cai convention should read the Li-Brandenberger row
as the defensible lower bound; in the worst case (full
convention reversal), the SPHEREx detection drops to
2.6σ, preserving qualitative discriminatory power but los-
ing the ≥ 5σ headline. The operator-algebra derivation

in Sec. A.1 above closes this ambiguity in favor of the
Cai convention. A reproducibility notebook implement-
ing the symbolic-algebra portion of the derivation ((A5)–
(A7) at the level of operator structures and permutation
factors, without the conformal-time integrals which re-
quire numerical evaluation) is archived alongside the pa-
per source as appendix A1 wick doubling.py.
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