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ABSTRACT

Two literatures motivate a search for a preferred axis in galaxy spin directions: handedness-dipole

claims from Longo and from Shamir, and Poplawski’s rotating black-hole-universe model, in which
Einstein—Cartan torsion halts a collapsing black hole’s singularity, bouncing into a daughter universe
that inherits a preferred axis from the parent’s spin, toward which galaxies are predicted to align. We
report the largest test of that claim to date: an 8,474,531-galaxy DESI Legacy DRS chirality catalog
and two independent null tests. The primary, quality-controlled real-space dipole (Nsupport = 887,472
of 890,069 rows) is null-consistent (zmem = +0.635, one-sided p = 0.238), with a 95% sensitivity
floor AL ~ 0.98%, the more conservative of two limits and the floor used below (Neyman 95% CL
limit ASY ~ 0.75%). A companion DESIVAST void/non-void contrast on 145,766 classifier-labelled
galaxies likewise finds no significant effect (A few = +0.00145, two-sided p = 0.66). We derive the
model’s spin-axis-dipole implication; the cited mechanism papers give only a qualitative tendency, not
a computed amplitude, so under the minimal closure needed to quantify the claim, our floor disfavors a
dipole above ~1% at >95% power, 2-20x below the ~2-33% literature amplitudes, though under an
illustrative, not-adopted-for-strengthening bridge the two largest comparison samples drop below this
floor. This null is measured on 887,472 primary-channel spirals, 4-3,400x larger than every comparison
catalog in Table 5 except Shamir’s DESI Legacy sample (N = 1.3 million), and confirms independent

reanalyses by Iye et al. and Patel & Desmond finding no significant galaxy-spin anisotropy.

Keywords: Spiral galaxies (1560); Astrostatistics (1882); Catalogs (205); Large-scale structure of the

universe (902); Cosmic voids (1857)

1. INTRODUCTION

Whether spiral galaxies show a statistically pre-
ferred handedness on the sky is a two-decade ob-
servational question with a specific theoretical stake.
Longo (2011) (1) reported a ~ 7% left-handed excess
with a ~50 dipole signal in 15,158 SDSS spirals at z <
0.085. Shamir and collaborators subsequently reported
handedness asymmetries of order 2-20% across several
independent samples — SDSS (2; 3), DESI Legacy (4),
and most recently a ~2:1 clockwise-to-counterclockwise
imbalance among 263 JWST/JADES galaxies at z 2
1 (5). Independent reanalyses have not confirmed these
claims: Iye, Yagi & Fukumoto (2021) (6) re-examined
Shamir’s SDSS catalog with 3D random-walk simula-
tions and found no significant dipole after correcting
for reading-direction bias and duplicate photometric ob-
jects, and Patel & Desmond (2024) (7) collected every
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public spin-classification dataset and found consistency
with isotropy to within 3¢ in a combined Bayesian and
frequentist analysis.

The theoretical stake is Poplawski’s proposal that our
universe originated as the interior of a black hole in a
parent universe, where torsion in Einstein—Cartan grav-
ity generates a spin—spin contact repulsion that halts
gravitational collapse before a singularity forms and
drives a bounce into expansion (8; 9; 10). If the par-
ent black hole is rotating, its spin axis becomes a pre-
ferred, non-inertial axis for the daughter universe, and
Poplawski argues that galaxies tend to align their spin
axes with it over cosmic time, producing exactly the
kind of clockwise/counterclockwise sky asymmetry that
Longo and Shamir report (11). This is the same torsion
mechanism this research program’s own bounce papers
adopt for gravitational-collapse avoidance (P1A/P1C),
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2

which is why testing the model’s one directly observable
astrophysical claim — the predicted galaxy-spin preferred
axis — is of direct interest here.

This paper is the largest single test of that claim to
date. We release an 8,474,531-object DESI Legacy DR8
chirality catalog (Sec. 2) and report its primary null
result on 887,472 supported-pixel high-confidence spi-
rals (Sec. 3); we add a second, independent probe using
the released DESIVAST void catalog to test whether
chirality differs by large-scale environment on 145,766
classifier-labelled galaxies (Sec. 4); and we derive, from
the cited black-hole-universe literature, what quantita-
tive dipole amplitude the model actually predicts and
confront it with our sensitivity floor (Sec. 5). We make
no bounce claim beyond that stated test: the catalog
does not test, and is not evidence for or against, the
matter-bounce cosmology this research program other-
wise develops (Sec. 6).

2. CATALOG
2.1. Selection, schema, and release contract

The catalog assigns an observed chirality label (cw,
CCW, or NOT_SPIRAL) to 8,474,531 DESI Legacy Imag-
ing Survey DR (12) galaxy cutouts using a ViT-Small
encoder with test-time-augmentation (TTA) equivari-
ance correction, trained on a Galaxy Zoo 1-derived
label set and refined against Galaxy Zoo DESI mor-
phology (13).  The parent sample is drawn from
the Smith42/galaxies DESI Legacy DR8 cutout re-
lease (8,474,566 images; 512 x 512 px grz cutouts at
0.262" /pixel, a 134" field, resampled to the 224 x
224 network input); the parent-sample selection func-
tion inherits Galaxy Zoo DESI’s photometric-type cut
(REX/DEV/EXP/SER), r < 19.0, and half-light ra-
dius > 3", across the three DR8 imaging campaigns
(BASS+MzLS at § > +32°, DECaLS at § < +32°,
and a DES overlap region). The released per-galaxy
class counts are Now = 1,592,107, Ncow = 1,609,053,
Nns = 5,273,371; the classified-spiral sub-catalog is
Nspiral = Ncow + Neew = 3,201,160. The catalog’s
high-confidence (HC) selection (peq > 0.6) yields Nuc =
949,584 spirals, corresponding to an integrated chirality
purity of ~70% and a completeness of ~30% relative to
the full spiral sub-catalog, both against the GZ1 cross-
match; a stricter peq > 0.9 cut roughly halves complete-
ness to ~ 15% at higher purity (Table 2). We exclude
59,515 HC rows flagged raw_flip_qc_unsafe (a release-
safety quality-control flag identifying a raw/equivariant
pipeline-pass mismatch, not float32 rounding), leaving
890,069 quality-controlled rows, of which 887,472 oc-
cupy one of the 23,633 supported HEALPix (NSIDE =
64) pixels with Ngpirai(p) > 10 (the HC-RI support,
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Table 1. Catalog Parquet column schema (catalog release
v1.0.244, documented in the v1.0.274 archived release pa-
per (15)). One row per DESI Legacy DR8 galaxy cutout.

Column Description

object_id DRS8 object identifier (string)
Sky position (deg, double)
Equivariant-TTA

CW/CCW /NOT_SPIRAL

Equivariant ¢w class score

ra_deg, dec_deg

class_eq label:

score_cw_eq
score_ccw._eq Equivariant ccw class score
score_ns_eq Equivariant NOT_SPIRAL class score
score_eq-max max eq. class score (Peq)

cw or ccw (boolean)

HC flag, peq > 0.6 (boolean)

Release-safety QC flag: raw/eq pipeline-
pass mismatch (boolean)

is_spiral
primary_hc

raw_flip_qc_unsafe

Table 2. Completeness and purity vs. threshold pcq, against
the GZ1 cross-match (archived release (15)). Completeness
is relative to the full Ngpiral = 3,201,160 classified-spiral sub-
-catalog. peq > 0.6 is this paper’s HC selection threshold.

Threshold Nyuc Completeness  Purity
Peq > 0.6 (adopted) 949,584 ~30% ~70%
Peq > 0.9 lower ~15% highert

fNot separately quoted in the archived release.

fsky = 0.4808) to enter the supported-pixel dipole fit
and its matched null; the wider full-spiral FSC support
(Nspira1(p) > 10 on all classified spirals, not only HC) cov-
ers 24,087 pixels, fay = 0.49005, and underlies Fig. 1
and the harmonic diagnostic in Sec. 3. The catalog,
its quarantine, exact null arrays, and full provenance
register are archived under Zenodo DOI 10.5281/zen-
0d0.21461899 (17) and are the single primary contract
this paper’s tests draw on, with the per-row schema
given in Table 1. Full architecture, per-region calibra-
tion, and the complete systematics appendix are de-
scribed in the archived release paper (15) and are not
reproduced here beyond what Sec. 5 needs.

Completeness and purity against the GZ1 cross-match
are functions of the high-confidence threshold peq (Ta-
ble 2), not single scalars: the release adopts peq > 0.6
as the primary cut (balancing sample size against la-
bel reliability), and reports the peq > 0.9 point as a
higher-purity, lower-completeness alternative not other-
wise used in this paper’s tests.

2.2. Classifier quality and label provenance

The released classifier — the one that produced ev-
ery label in this catalog — achieves 69.91% chirality
agreement (Cohen’s £ = 0.40) against a full Galaxy
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Zoo 1 cross-match (N = 117,205). A separate, manifest-
retained, from-scratch retrain of the GZ1-core classifier
component — which does not alter the released Catalog
labels — validates at Cohen’s k = 0.97 on a provably
training-disjoint held-out GZ1 sample; the archived re-
lease paper is explicit that this retrain figure is “nei-
ther comparable to, nor a replacement for” the re-
leased classifier’s k = 0.40/69.91% figure (15). A sep-
arate, composition-faithful retrain that additionally in-
cludes the historical CE-ResNet-derived training com-
ponent collapses to chance-level chirality performance
(best three-class validation accuracy 0.5617, i.e. no bet-
ter than the 0.106 NOT_SPIRAL-only baseline plus chance
on the CW/CCW split; binary CW/CCW accuracy
0.517 on a clean held-out GZ1 sample), so the histor-
ical CE-included training accuracy is not reproducible
under honest, manifest-retained ingestion; the released
catalog labels are unaffected by either retrain. A for-
ward classifier-injection model over 1.7 x 107 banked
network passes rules out classifier label confusion as the
source of any residual handedness monopole (0.0% of
the observed value) and localizes the monopole’s origin
upstream of the classifier, in the input image distribu-
tion — without resolving whether that origin is a true
sky asymmetry or a DESI imaging systematic, which re-
mains an open attribution in the archived release (15).
The monopole takes different values on different sam-
ples, and this paper states all three explicitly rather
than one alone: the catalog-wide value across all classi-
fied spirals is fow = 0.497353 (monopole —0.265%, per-
pixel-independent binomial significance —9.47¢); the
HC selection including the 59,515 raw_flip_qc_unsafe
rows gives fow = 0.496051 (monopole —0.395%); and
the primary 887,472-galaxy supported-pixel sample used
for the dipole fit above — the strict HC selection with
those 59,515 rows removed — gives fow = 0.5126562
(454,968/887,472, monopole fow — 3 = +1.2656%,
equivalently A, = 2(fcw — %) = +2.53% in the am-
plitude convention of Fig. 1 and Egs. 1-2). The catalog-
wide and HC-with-unsafe monopoles are likewise A, =
—0.53% and A, = —0.79% in this same convention.
The quarantined rows themselves are strongly parity-
asymmetric (14,776 cw / 44,739 ccw, 75.2% ccw),
which is why removing them for the release-safety cut
flips the HC monopole’s sign; this asymmetry of the
raw_flip_qc_unsafe flag is itself a previously unstated,
checkable property of the released quality-control flag.
None of this affects the primary null: the injection-
recovery generator computing Eq. 1 draws its baseline
CW probability from the same strict 887,472-galaxy
sample and support it injects into, so using 0.5126562
is correct by construction; and the uniform-pixel-weight

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

215

216

217

218

219

220

222

223

3

Table 3. Three-class confusion matrix, released (equivari-
ant) classifier vs. Galaxy Zoo 1 human labels (1" cross—
match, N = 240,919; overlap with the 6,637 GZ1 train-
ing rows is not object-level excluded, so this evaluation is
overlap-contaminated rather than fully independent). Rows:
GZ1 label; columns: catalog prediction. Three-class accu-
racy 58.7%; restricted to the 117,205 GZ1 spirals the classi-
fier labels cw/ccw, chirality agreement is 69.91% (Cohen’s
k = 0.40).

GZ1 \ pred. cwW CCW NOT_SPIRAL
CwW 39,011 18,889 13,715
CCW 16,377 42,928 13,720
NOT_SPIRAL 17,056 19,724 59,499

real-space estimator fits A, = m + a - fip, absorbing any
constant monopole into m before the dipole amplitude
is read off — confirmed generatively, since binomial nulls
seeded at the global fow and at p = 0.5 give statisti-
cally identical dipole-amplitude nulls (1.957 x 1072 vs.
1.935 x 1073, 0.390 difference).

The exact historical training realization for the
released classifier is not fully recoverable:  the
production-script reconstruction supports 26,616 la-
beled rows (6,637 Galaxy Zoo 1 confident cw/cow,
17,153 CE-ResNet high-confidence spirals, 826 CE-
selected NOT_SPIRAL, 2,000 synthetic NOT_SPIRAL), a
21,293/5,323 train/validation split, and 93.6878% val-
idation accuracy, while the committed benchmark re-
port gives 26,626 total rows and 846 CE non-spirals and
the committed Hugging Face README reports 92.10%;
no retained object-ID manifest or random-state record
resolves the conflict or ties the named objects to the
historical checkpoint. This does not affect the released
labels (fixed historical production outputs) but does
mean the released classifier’s own training provenance
cannot be independently audited beyond the confusion
matrix above; the manifest-retained retrain (Sec. 2.1)
exists precisely to provide a fully regenerable, audit-
clean realization going forward. That retrain is de-
liberately scoped to the 6,637 Galaxy Zoo 1 confident
CW/CCW spirals plus 2,000 synthetic NOT_SPIRAL rows
only (notal = 8,637), reaching 99.31% best-epoch three-
class validation accuracy with every object ID, split in-
dex, and random state retained in a committed man-
ifest; on 3,000 held-out GZ1-confident spirals provably
disjoint from that manifest along both object identity
and a 3” proximity cut, it reaches accuracy 0.9867
and £ = 0.9733 (confusion [[1460,10],[30,1500]] for
[CW,CCW]|; zero NOT_SPIRAL predictions). A separate
composition-faithful retrain that also includes the his-
torical CE-ResNet-derived 17,153-row component (~67—
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Table 4. Bias-hardening test results from the archived
release, quoted verbatim (15). Seven of the eight origi-
nally numbered tests are tabulated. T5, a linear-Pearson
RA/Dec metadata-leakage test, is omitted: a linear Pear-
son correlation is inappropriate for the circular RA coordi-
nate 0° = 360°, so the archived release instead reports a
map-level low-£ real-Y,, regression against RA /Dec, finding
all three ¢ = 1 coefficients consistent with zero, |z| < 1.25.
All seven tabulated tests pass; these are necessary, not suf-
ficient, checks for sub-percent-level bias control and are not
calibrated against a physical sensitivity bound.

Test Threshold Result
T1: Flip-swap r > 0.80 1.000
T2: Rotation stability > 80% 89.8%
T3: Artifact rejection > 70% NOT_SPIRAL  100%
T4: Perturbation robustness > 80% 84%
T5: removed (see caption) - -
T6: Hemispheric diff. < 10% 3.6%
T7: Calibration proxy > 30% @ p>0.9 73.6%
T8: cw/ccw balance 50 £+ 10% 49.7%

72% of the historical training composition, by either
committed count) collapses to chance-level chirality per-
formance under honest, manifest-retained ingestion, dis-
cussed above.

2.3. Estimator and null specification

The primary real-space estimator fits A, = m + a -
i, (healpy.fit_dipole, a uniform-pixel-weight full-sky
least-squares fit for both a monopole m and a dipole vec-
tor a) on the 887,472-galaxy, 23,633-pixel HC-RI sup-
port after applying the selection predicate primary_hc
&& 'raw_flip_qc_unsafe. The matched null preserves
the observed per-pixel occupancy exactly: each of 10,000
draws redistributes the observed cw/ccwlabel totals
across the fixed pixel capacities of the HC-RI support
(a fixed-occupancy label-randomization, equivalent to a
multivariate-hypergeometric reshuffle per pixel), so that
the null differs from the data only in which galaxies
within each pixel are labeled cw vs. cCw, not in how
many galaxies occupy each pixel. The observed statis-
tic and each null draw are reduced to the same fitted
dipole amplitude Ap; Zmom is the observed value’s off-
set from the null mean in units of the null’s popula-
tion standard deviation, and the add-one rank p is the
upper-tail empirical rank of the observed value within
the 10,001-value pool (data plus null draws). The dis-
tinct FSC harmonic diagnostic (Sec. 3, above) uses a
different support (24,087 pixels), a different field conven-
tion (fow — % = A, /2 with Ngpirai-weighted mean sub-
traction), a NaMaster pseudo-Cy MASTER-decoupling
estimator rather than a real-space fit, and its own 500-
and 10*-draw null families; the two diagnostics are not
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Galaxy Chirality Asymmetry Map (8.47M galaxies, equivariant)

Equatorial

.08 (New = Neew)/ (New + Neew) 0.08

Figure 1. Equivariant chirality asymmetry map
of the full 8.47M-galaxy catalog (Mollweide pro-
jection, equatorial coordinates; per-pixel asymmetry
Ap = (New — Noew)/(New + Neew) = 2(fowp — 3)
at HEALPix NSIDE = 64, color scale [—0.08,+0.08]) on
the 24,087-pixel FSC support (fscy = 0.49005; Sec. 2.1).
This is the full-catalog map, a broader footprint than the
23,633-pixel, 887,472-galaxy HC-RI support used for the pri-
mary dipole fit below; no coherent large-scale structure is
visually apparent in either support.

interchangeable and are not combined into a single de-
tection statistic.

3. PRIMARY REAL-SPACE DIPOLE NULL

The paper’s primary result is a full-sky real-space
dipole fit (healpy.fit_dipole) on the 887,472-galaxy
supported-pixel HC sample against a fixed-occupancy
label-randomization null (10* draws). The fitted am-
plitude is Agip, = 0.467%, with zmem = +0.635 and
one-sided add-one rank p = 0.238: null-consistent. Fig-
ure 1 shows the full 8.47-million-galaxy catalog’s per-
pixel asymmetry map on the broader FSC support; the
887,472-galaxy HC-RI support used for this fit is a sub-
set of it (caption below).

To make this null quantitative against a specific alter-
native amplitude, we use a coverage-calibrated observed-
label injection—recovery: signal injections at fixed pixel
occupancy on 2,000 isotropically random axes per am-
plitude are passed through the exact committed primary
estimator and the exact committed 10*-draw null. Re-
covered detection probability rises monotonically with
amplitude (e.g. 0.24 at A = 0.40%, 0.91 at 0.90%, sat-
urating to unit coverage by 1.5%) and crosses 95% cov-
erage at

ASES ~ 0.98% (1)

ie., Ag‘gs is a detection-power threshold: the amplitude
at which an injected signal, run through the exact pri-
mary estimator and null, is recovered at > 95% power.
It is not itself a confidence-level bound on the measured

(full-amplitude, observed-label),
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value. The committed null distribution’s own 95th per-
centile, 0.669% (research/bh_universe_dipole/a95_
null_cl_2026_09_02.py), is also not a confidence-level
bound on Agip: it is the same no-signal acceptance
boundary already reported as the rank test above (p =
0.238), restated as a critical value rather than a rank
— values of Agi, at or above 0.669% occur in fewer
than 5% of null draws, which is a statement about the
null, not an interval on the true amplitude. A genuine
95% confidence-level upper limit requires the comple-
mentary Neyman inversion: the largest injected am-
plitude A whose recovered-amplitude distribution keeps
the observed Aqi, = 0.4665% above its own 5th per-
centile. Running the same committed injection model
and estimator used for Eq. 1, but recording the 5th (not
the 50th/84th) percentile of recovered_amp per injected
amplitude and inverting against Aqip, gives

ASF ~0.75%  (full-amplitude, Neyman 95% CL),
(2)
(bracketed between 0.75%, ps = 0.466%, and 0.80%,
ps = 0.493%; research/bh_universe_dipole/a95_
upper_limit_2026_09_02.py, 2,000 random-axis injec-
tions per amplitude, same estimator/support/null as
Eq. 1). The observed Agip, = 0.467% lies below this
genuine 95% CL upper limit, below the detection-power
floor ASLS = 0.98%, and below the null’s own 95th-
percentile critical value 0.669%. Because Agip is a
low realization of a positive-definite estimator whose
no-signal distribution has mean 0.362%, this classical
one-sided limit falls below the 95%-detection sensitiv-
ity A2, The limit retains exact frequentist cover-
age, but it is a statement about this realization, not
about the experiment’s reach; a downward fluctuation
can make a classical limit stronger than the amplitude
the experiment is guaranteed to detect (the standard
motivation for unified/CLs constructions). We there-
fore confront the model in Sec. 5 with the realization-
independent floor ASS = 0.98%, the more conserva-
tive of the two. AS® and ASF are additionally both
observed-label statements on the classifier’s chirality la-
bels, not physical parity-amplitude bounds on depro-
jected spin: the physical bound additionally requires a
spatially resolved morphology transfer function, which
remains an open gate in the archived release paper (15).
This distinction matters directly for Sec. 5, which uses
Eq. 1 as the sensitivity floor against which the black-
hole-universe claim is confronted. Sec. A.1 reports two
results that bear on this floor and this null and are
not otherwise referenced from this section: (i) a per-
imaging-leg partition of this same 887,472-galaxy pri-
mary sample is not uniformly clean under leg removal
— two single-leg-removal variants and the DES-only fit
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Figure 2. Observed-label injection—recovery curve un-
derlying Eq. 1: recovered one-sided detection probability
(p < 0.05 against the exact committed 10*-draw null) vs.
injected full-amplitude A, on 2,000 isotropically random
axes per amplitude, run through the exact committed pri-
mary HC-RI estimator. The curve crosses 95% coverage
at ASES = 0.98% (red dotted); the observed amplitude
Adgip = 0.467% (green dash-dot) sits well inside the sub-
-detection-power region. Plotted directly from the com-
mitted pipelines/p2_chirality/analysis/a95_observed_
label_upper_limit_v1_0_265. json (no re-inference).

individually exceed A$LS, even though the full four-

leg fit reported here is null-consistent; and (ii) a di-
rect measurement of the observed-to-physical transfer
function, via a PA-restoring handedness-reversal test,
on the classifier’s own Smith42/galaxies imaging gives
D < 0.600£0.007 (Ag?ys > 1.63%), superseding an ear-
lier bound measured on out-of-domain viewer cutouts
and withdrawn (Sec. A.1). (i) remains unresolved and is
stated explicitly, not adopted as a correction; (ii) is now
a measurement, in the conservative direction, adopted
below, in Sec. A.1.

A distinct harmonic diagnostic on the wider, 24,087-
pixel FSC support (Fig. 1) gives a fixed-occupancy ¢ = 1
moment z = +6.923 (add-one rank p = 0.001996 on 500
draws; a separate binomial-monopole null gives +6.983
at 500 draws and +7.207 at 10* draws). This diag-
nostic uses a different support, estimator (NaMaster
MASTER-decoupled harmonic power, not the real-space
uniform-pixel dipole fit), and null family than the pri-
mary HC-RI result above, and does not by itself over-
turn the primary null: the archived release attributes it
to classifier- and footprint-systematic structure rather
than a dipole-aligned axis, on the strength of the
classifier-injection forward model (Sec. 2.2) and a bat-
tery of declination/RA /equal-area partition checks (15).
Full weighted-least-squares and GZ1 human-vote diag-


https://github.com/Hubify-Projects/bigbounce/blob/main/research/bh_universe_dipole/a95_null_cl_2026_09_02.py
https://github.com/Hubify-Projects/bigbounce/blob/main/research/bh_universe_dipole/a95_null_cl_2026_09_02.py
https://github.com/Hubify-Projects/bigbounce/blob/main/research/bh_universe_dipole/a95_null_cl_2026_09_02.py
https://github.com/Hubify-Projects/bigbounce/blob/main/research/bh_universe_dipole/a95_upper_limit_2026_09_02.py
https://github.com/Hubify-Projects/bigbounce/blob/main/research/bh_universe_dipole/a95_upper_limit_2026_09_02.py
https://github.com/Hubify-Projects/bigbounce/blob/main/research/bh_universe_dipole/a95_upper_limit_2026_09_02.py
https://github.com/Hubify-Projects/bigbounce/blob/main/pipelines/p2_chirality/analysis/a95_observed_label_upper_limit_v1_0_265.json
https://github.com/Hubify-Projects/bigbounce/blob/main/pipelines/p2_chirality/analysis/a95_observed_label_upper_limit_v1_0_265.json
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nostics are retained as systematics cross-checks in the
archived release and are not repeated here.

A (%) Det. frac. A (%) Det. frac.
0.40 0.236 0.96 0.947
0.50 0.348 0.98 0.950
0.60 0.533 1.00 0.954
0.70 0.675 1.10 0.982
0.80 0.818 1.20 0.998
0.90 0.911 1.50 1.000

Detection fraction is monotonic in injected amplitude
across all 18 grid points (2,000 axes each); the tabulated
crossing between the 0.96% and 0.98% rows brackets
AgPs (linear interpolation 0.980%; a logistic fit to the
full curve gives 0.955%, consistent to better than 0.03
percentage points).

To characterize how the real-space dipole, its
nuisance-marginalized weighted-least-squares (WLS)
variant, the global monopole, and the NaMaster
MASTER-decoupled ¢ = 1 power co-vary, the archived
release evaluates all four estimators on one shared
NSIDE = 8 block bootstrap (Npoot = 2,000 resamples, all
valid, seed 42, pre-support-cut HC sample N = 949,584
— distinct from this paper’s own 887,472-galaxy primary
channel, which is the post-support-cut subset). The
resulting correlation matrix, computed directly from
the committed 4 X 4 joint covariance (pipelines/p2_
chirality/outputs/canonical_provenance/g3_
joint_estimator_covariance_master_v2.json), is

real-space WLS monopole Cjpaster
real-space 1.000 0.158 —0.037 0.794
WLS 0.158 1.000 —0.020 0.129
monopole —0.037 —0.020 1.000 —0.061
Cmaster 0.794 0.129 —0.061 1.000

The monopole is the only channel with |z| > 3 against
its own bootstrap scatter (z = —6.57); the other three
channels are all non-significant on this same shared
bootstrap (z = +42.21 real-space dipole, +0.81 WLS
dipole, —0.61 this bootstrap’s own MASTER ¢ = 1
channel on the pre-support-cut N = 949,584 sample — a
different sample, support, and null than the FSC ¢ =1
diagnostic of Sec. 3 (z = +6.923, 24,087-pixel support),
and not to be identified with it), consistent with the pri-
mary null. The block-bootstrap real-space z = +2.21
is a distinct statistic from the primary null’s fixed-
0CCUpancy Zmom = +0.635 (HC-RI-support quantity,
above): the former is the full-sample dipole amplitude
over its own NSIDE = 8 block-bootstrap scatter (which
does not model the pixel-occupancy constraint), the lat-
ter is the fixed-occupancy label-randomization statistic
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reported as the primary result; both are non-significant
and neither supersedes the other. The monopole is
nearly uncorrelated with the other three (|p| < 0.06);
the real-space dipole and its own MASTER ¢ = 1 chan-
nel are the most correlated pair in this bootstrap (0.79),
and the real-space dipole and its WLS variant are only
weakly correlated (0.16) — both patterns consistent with
these four channels answering related but non-identical
questions on different supports.

4. VOID/NON-VOID ENVIRONMENT CONTRAST

A second, independent probe tests whether classifier-
labelled chirality depends on large-scale environment,
using the released DESIVAST void catalog (14) inter-
sected with the DESI DR1 spectroscopic TARGETID
cross-match of the DRS chirality catalog, as constructed
in (16) (joined on TARGETID), hereafter the DRI
companion of the catalog in Sec. 2. The DESIVAST
GALZONE TARGET universe (694,642 unique TAR-
GETIDs) joined against the catalog yields 145,789 rows;
retaining the 145,766 rows with OUT= 0 as the qual-
ity parent, 31,937 fall inside the union of released
VoidFinder holes (“void”) and 113,829 do not (“non-
void”).

Stage N
DESIVAST GALZONE TARGET universe 694,642
— joined against the chirality catalog 145,789
— quality parent (OUT= 0) 145,766
void (VoidFinder hole union) 31,937
non-void 113,829

The focal fit is an unpenalized Newton—Cholesky logis-
tic MLE on a declared 13-column linear nuisance ba-
sis (void indicator, linear redshift, magnitude, log-size,
classifier confidence, extinction, imaging leg, morphol-
ogy, and the GALZONE edge flag standing in for coarse
sky blocks), with cluster-robust (CR1) inference on 50
occupied NSIDE = 4 HEALPix clusters; a null-imposed
Rademacher wild-cluster efficient-score test provides a
second, non-asymptotic inference path on the same clus-
tering. The basis was declared after review and inspec-
tion of the data and is exploratory, not preregistered. It
gives an adjusted non-void-minus-void contrast

Afew = +0.00145, SE = 0.00332 (cluster-sandwich) ,

(3)
95% CI [—0.00504, +0.00795], two-sided normal p =
0.661; a null-imposed 99,999-draw Rademacher wild-
cluster efficient-score test gives p = 0.673. Both re-
sults are null-consistent: classifier-labelled spiral chiral-
ity shows no significant dependence on void/non-void
environment in this sample. This test is exploratory


https://github.com/Hubify-Projects/bigbounce/blob/main/pipelines/p2_chirality/outputs/canonical_provenance/g3_joint_estimator_covariance_master_v2.json
https://github.com/Hubify-Projects/bigbounce/blob/main/pipelines/p2_chirality/outputs/canonical_provenance/g3_joint_estimator_covariance_master_v2.json
https://github.com/Hubify-Projects/bigbounce/blob/main/pipelines/p2_chirality/outputs/canonical_provenance/g3_joint_estimator_covariance_master_v2.json
https://github.com/Hubify-Projects/bigbounce/blob/main/pipelines/p2_chirality/outputs/canonical_provenance/g3_joint_estimator_covariance_master_v2.json
https://github.com/Hubify-Projects/bigbounce/blob/main/pipelines/p2_chirality/outputs/canonical_provenance/g3_joint_estimator_covariance_master_v2.json
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Figure 3. Secondary diagnostic: classifier-la-
belled CW fraction per T-Web cosmic-web class

(Void/Wall/Filament/Cluster) on 812,793 env-labelled
rows (Sec. 4). This four-class T-Web run is a secondary
cross-check; the primary void/non-void DESIVAST result
(Eq. 3) uses the two-category VoidFinder-hole membership
test, not this classification. The Filament (fcvv ~ 0.4980)
and Cluster (fcw = 0.4958) bars sit slightly off the reference
line at different offsets; both are consistent with the same
catalog-wide residual monopole discussed in Sec. 2.2, not
an environment-dependent chirality effect (both are within
a few tenths of a percentage point of the 0.4974 reference
and neither individually clears the null threshold used in
the primary contrast).

and post-hoc (the void/non-void hierarchy was fixed af-
ter inspecting the data) and is reported as a catalog-
specific non-detection for classifier labels, not a physical-
handedness or cosmological constraint. A secondary,
four-class cosmic-web diagnostic (T-Web; Fig. 3) on
812,793 env-labelled rows (Void N = 428, Wall N =
6,673, Filament N = 408,187, Cluster N = 397,505)
shows the same pattern — no significant CW-fraction
trend from void through wall, filament, to cluster; the
Void bin’s small N limits its statistical power relative to
the other three classes; author-constructed VoidFinder
and the Tempel and ASTRA web classifications are re-
tained as further secondary diagnostics in the archived
companion study and are not repeated here.

4.1. Robustness: clustering scale and void-definition
sensitivity

The focal contrast (Eq. 3) clusters standard er-
rors on NSIDE = 4 HEALPix superpixels. Repeat-
ing the identical N = 145,766, 13-column fit and
contrast at NSIDE = 2 and NSIDE = &, and sep-
arately clustering by the 3,750 nearest VoidFinder-
MAXIMALS 3-D clusters, holds the point estimate
fixed at +40.00145 throughout while the 95% CI
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half-width varies mildly with the clustering scale:
NSIDE = 2 [—0.00622,+0.00912], NSIDE = 4 (focal)
[—0.00504, +0.00795], NSIDE = 8 [—0.00496, +0.00787],
and the 3-D-cluster scheme [—0.00476,40.00767] — ev-
ery interval contains zero. A separate, wider sensitivity
family repeats the void/non-void contrast under three
void-finding algorithms spanning two algorithmic fami-
lies — VoidFinder (sphere-growing) and the ZOBOV/V2
watershed as V2-REVOLVER and V2-VIDE — plus two
catalog-native GALZONE zone definitions, five corre-
lated statistics in total, none of which approaches the
Bonferroni-5 per-test threshold (|z| < 1.25 across all five
rows against |z|§08s A 2.58); the simultancous descrip-
tive interval across all five, inflated to hold jointly at
family-wise 95% confidence, has a maximum half-width
of 0.75 percentage points and remains centered near
zero. Full per-algorithm tables and the catalog-native
GALZONE construction are in the archived compan-
ion study (16). We report one multiplicity note across
this paper’s three headline tests (the primary real-space
dipole, Sec. 3; the DESIVAST void/non-void contrast,
Sec. 4; and the T-Web four-class diagnostic above):
none is independently significant at even an uncorrected
a = 0.05, so no multiple-comparison correction changes
the qualitative null verdict on any of the three.

5. THE BLACK-HOLE-UNIVERSE PREDICTION
AND ITS EXCLUSION

5.1. What the model predicts

Poplawski’s mechanism papers (8; 9; 10) establish that
Einstein—Cartan torsion, sourced by fermion spin, gener-
ates a repulsive spin—spin contact interaction that grows
faster than the attractive curvature term at high den-
sity, halting collapse before a singularity and driving a
bounce into an expanding daughter universe inside the
black hole’s interior. Poplawski (2010) (8) first proposes
torsion as an alternative to inflation for generating a
nonsingular early universe; Poplawski (2012) (9) devel-
ops the spinor—torsion coupling that produces a nonsin-
gular bounce; Poplawski (2016) (10) extends the mecha-
nism specifically to a universe originating inside a black
hole, arguing the Einstein—Cartan interior bounces into
an expanding daughter universe rather than terminating
in a singularity. None of these three mechanism papers
addresses rotation or a preferred axis for the daughter
universe — they establish only that the bounce itself oc-
curs. Poplawski (2020) (11) extends this picture: if the
parent black hole is rotating, its spin axis defines a pre-
ferred, non-inertial axis for the daughter universe, and
“galaxies tend to align their axes of rotation with the
preferred axis, resulting in clockwise-counterclockwise
asymmetry.” This is the paper’s only statement con-
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necting the model to an observable galaxy-spin signa-
ture. We read it in full and find no computed dipole
amplitude, alignment fraction, or relazation timescale
anywhere in it or in the mechanism papers it builds on:
the claim is qualitative — a preferred axis exists, and
galaxies tend toward it — not quantitative. No torque
strength, relaxation timescale, or coupling constant is
given from which an amplitude could in principle be
derived without further modeling assumptions beyond
what the cited papers state.

To confront the model with data at all, a quantitative
closure must be supplied that the cited literature does
not provide. We adopt the minimal one: let i € [0, 1] be
the fraction of galaxies whose spin has relaxed toward
the preferred axis, and take the resulting population-
level observed dipole amplitude as

(4)

i.e., full alignment (n = 1) would produce a maximal
observed dipole and no alignment ( = 0) none, linearly
in between. Equation 4 is not derived from Poplawski’s
papers — it is the simplest closure under which the model
becomes falsifiable by a dipole measurement, made ex-
plicit here because the alternative is to leave the claim
untestable.

Apred ~n,

5.2. Confrontation with the observed-label sensitivity
floor

Under Eq. 4, n is exactly the quantity Eq. 1 bounds:
the catalog’s coverage-calibrated 95% sensitivity upper
limit excludes

n > ASLS ~ 0.98%

at > 95% coverage on the primary channel. We
compare this floor against the amplitudes reported
in the literature that motivates the model in
the first place, using the committed, determinis-
tic script research/bh_universe_dipole/poplawski_
dipole_exclusion_2026_09_02.py (numpy only; no
fitting, no randomness; every output is a literal in-
put or a closed-form function of inputs). Table 5 lists
the result: every literature amplitude that has been
offered as evidence for a preferred spin axis (Longo
2011; Shamir 2012, 2020, 2022, 2025) exceeds A
by a factor of 2-20 at face value. The present cata-
log’s 887,472-galaxy HC-RI supported-pixel sample is
4-3,400x larger than every comparison sample in Ta-
ble 5 except Shamir (2022)’s same-survey DESI Legacy
sample (N = 1.3 million), which is larger than the pri-
mary channel. Under the committed script’s illustra-
tive observed-to-physical bridge ¢ = 0.398 (Assump-
tion 2 below; not an established calibration), the two
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lowest-amplitude, largest-N rows — Shamir (2020) and
same-survey Shamir (2022), both 2-4% — drop below
Agb® (exceeds_A95 obs after g bridge=false in the
committed output json); the other three rows remain
above it under the bridge. We do not use this bridge
to strengthen the exclusion (Assumption 2); we report
it because it weakens the exclusion for exactly the two
claims made on the largest comparison samples, and
that should not go unstated.

Table 5. Literature spin-axis amplitude claims
vs. AS® = 0.98% (Eq. 1). Ratio is the claim’s
low-end amplitude over ASLS; all exceed 1, i.e. all
lie above this catalog’s detection-power floor at
face value (two of five drop below it under the
illustrative g = 0.398 bridge; §5.2). The table’s
five rows pool four non-commensurable statistic
families — Longo’s dipole amplitude, Shamir (2012)’s
per-bin asymmetry, Shamir (2020/2022)’s global
asymmetry fraction, and Shamir (2025)’s clock-
wise:counterclockwise count ratio, each from a
distinct label space (visual/algorithmic handedness
classification vs. the Ganalyzer algorithm vs. a
small-N visual/algorithmic count) — against this pa-
per’s observed-label ViT+TTA amplitude; the ratio
column is not a like-for-like statistical comparison
across rows. Computed by research/bh_universe_
dipole/poplawski_dipole_exclusion_2026_09_

02.py.

Source Amplitude N Ratio
Longo 2011 (1) ~T% 15,158 7.1
Shamir 2012 (2) 520% 127,000 5.1
Shamir 2020 (3) 2-4% 200,000 2.0
Shamir 2022 (4) 2-4% 1,300,000 2.0
Shamir 2025 (5)  20-33% 263 20.4

5.3. Exclusion statement

Under the closure of Eq. 4, the DESI Legacy DRS
catalog’s coverage-calibrated observed-label sensitivity
disfavors, at > 95% detection power (not a confidence-
level exclusion; a genuine 95% CL statement is given
in Sec. 3), any preferred-axis alignment mechanism that
would produce an observed-label dipole above ~1% on
this sample — a factor of 2-20 below the amplitudes the
model’s own observational motivation reports at face
value (Table 5), though two of those amplitudes, on the
two largest comparison samples, drop below the floor
under the (not adopted for strengthening) illustrative
bridge. This statement rests on five explicit assump-
tions:


https://github.com/Hubify-Projects/bigbounce/blob/main/research/bh_universe_dipole/poplawski_dipole_exclusion_2026_09_02.py
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https://github.com/Hubify-Projects/bigbounce/blob/main/research/bh_universe_dipole/poplawski_dipole_exclusion_2026_09_02.py
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1. The closure Apeqa = 7 (Eq. 4) is adopted for lack of a
quantitative prediction in the cited Poplawski papers;
a first-principles closure would require a computed
relaxation timescale and torque strength that do not
exist in the literature we could locate.

2. ASE® is an observed-label sensitivity floor (classifier-

labelled chirality), not a physical parity-amplitude
bound on deprojected spin. The observed-to-physical
bridge requires the spatially resolved morphology
transfer function, an open gate in the archived cat-
alog paper; an illustrative bridge factor g = 0.398
used there for a different comparison is explicitly
not an established calibration and is not used to
strengthen this statement. Sec. A.1 reports an archi-
tectural argument for why that transfer is not unity,
together with a direct measurement of it. The pro-
duction post-processing averages over the horizontal
mirror only, so it is exactly antisymmetric under a
detector-aligned reflection but carries no invariance
under rotation; a ViT-S/16 backbone supplies none.
A genuine handedness reversal leaves a galaxy at
its observed position angle and is therefore not the
detector-aligned mirror, so the assumption that it is
transmitted into the catalogue label with unit effi-
ciency is not supported by the architecture. We quan-
tify the resulting dilution in a companion calibration
and quote the observed-label bound here without as-
serting D = 1. A first attempt at that compan-
ion calibration presented the released pipeline with a
genuine, PA-restoring handedness reversal on Legacy
Survey display cutouts rather than the classifier’s own
Smith42/galaxies inference images; a pre-registered
positive control caught the domain mismatch (re-
running the released preprocessing and checkpoint on
those cutouts reproduced the released catalog’s own
labels for only 43-45% of galaxies across three inde-
pendent draws, against 99.99% agreement with an in-
domain forward pass), and the resulting bound was
withdrawn rather than adopted (Sec. A.1). Sec. A.1
reports a direct measurement of that transfer func-
tion, re-run on the correct imaging. Because hand-
edness does not depend on the orientation at which
a galaxy is presented, the rate at which the released
pipeline contradicts its own label between two lossless
rotations of the same cutout bounds the dilution D of
any true population asymmetry from above, with no
human truth labels entering the argument. Measured
on the catalogue’s own imaging — the 512 x 512 DESI
Legacy DRS8 cutouts the released inference ran on —
and on the catalogue’s own high-confidence selection,
D <1 —maxy P(L(O) #* L(G)) = 0.600 £ 0.007, with
D excluded from unity at 61c; the § = 180° row,
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which requires no assumption about position-angle
uniformity, gives D < 0.660 £ 0.008. The observed-
label floor A$L® = 0.98% therefore corresponds to
a physical-parity floor ASP® = A$LS/D > 1.63%.
This is consistent with the illustrative g = 0.398 used
above (which would give 2.46%) and supersedes it as
the quantity we can defend: it is an upper bound on
D, so it can only weaken the exclusion, and we adopt
it in that direction only.

3. The preferred axis is a free direction in the model
(inherited from an unobserved parent black hole);
healpy.fit_dipole fits both amplitude and direc-
tion, which is the correct match to a model with no
predicted axis. This analysis, like the tests in Secs. 3—
4, tests amplitude only (a full-sky real-space dipole
and a void/non-void contrast), not a search matched
to a specific predicted axis.

4. The committed script also reports an illustrative
1/v/N sensitivity-floor ansatz calibrated to this cata-
log’s own anchor point, used only to compare statisti-
cal reach across sample sizes; it is not a re-derivation
of any other paper’s estimator, mask, or null and is
not the basis of the Ratio column in Table 5.

5. Literature amplitude ranges are reported as pub-
lished, with no re-analysis of their pipelines per-
formed here (cross-reference only, as in Iye et al. (6)
and Patel & Desmond (7)). Shamir (2025)’s 20-33%
is that paper’s reported clockwise:counterclockwise
count-ratio range (~2:1 to 1.5:1), not an asymmetry
fraction in the same sense as the other rows (Table 5
caption).

We emphasize what this section does not claim: it
does not test, and is not evidence for or against,
the nonsingular matter-bounce cosmology this research
program otherwise develops from the same torsion
mechanism (that line derives an early-universe non-
Gaussianity signature, not a late-time galaxy-spin ob-
servable, and stands or falls on its own evidence). It tests
only Poplawski’s black-hole-universe model’s one stated
observational consequence, under the minimal closure
that makes that consequence testable at all.

6. DISCUSSION

Two independent probes on this catalog — a full-sky
real-space dipole (Sec. 3) and a void/non-void environ-
ment contrast (Sec. 4) — are both null-consistent. Nei-
ther reaches the 2-33% amplitudes reported by Shamir
and collaborators, nor Longo’s ~ 7% claim; both are con-
sistent instead with the independent reanalyses of Iye,
Yagi & Fukumoto (2021) (6), who found no significant
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dipole in Shamir’s own SDSS catalog after correcting 7 7. CONCLUSIONS

known systematics, and Patel & Desmond (2024) (7), We release an 8,474,531-object DESI Legacy DRS chi-

W}_lo fo‘mc_l Con'sistency with isot?"op.y across every public 1 1ito catalog and report two independent, large-sample
spin-classification dataset to within 3. At 8,474,531 | 4| tests of a preferred galaxy-spin axis: a primary

total catalog objects, this is the largest single cata- real-space dipole (V. . = 887.472: 2 — 10.635
support — ) s Amom — . )

log release brought to the question; the 887,472-galaxy p = 0.238; ASLS ~ 0.98%) and a DESIVAST void,/non-

primary supported-pixel test is itself larger than every = (.1 anvironment contrast (N = 145,766; Afcw =

comparison sample in Table 5 except Shamir (2022)’s 4+0.00145, p = 0.66). Reading Poplawski’s rotating
same-survey 1.3-million-galaxy DESI Legacy catalog.

Its detection-power floor (Eq. 1) is 2-20x tighter, at
face value, than the amplitudes the disputed claims re-
port (Table 5).

Section 5 adds the piece the literature comparison
alone does not supply: a direct confrontation with the
theoretical claim that motivates testing spin-axis align-
ment in the first place. The result is a genuine, if quali-
fied, exclusion — qualified because Poplawski’s papers do
not themselves commit to a quantitative amplitude, so

71 black-hole-universe papers in full, we find the model
2 predicts only a qualitative preferred-axis alignment ten-
73 dency, not a computed amplitude; under the minimal
s closure that makes the claim testable, our sensitivity
75 floor disfavors an alignment-driven dipole above ~1% at
16 >95% detection power, well below the ~2-33% ampli-
7 tudes reported in the observational literature the model
s 1s invoked to explain. This confirms, on the largest cata-
10 log release assembled for the question, the independent
70 reanalyses of Iye et al. (2021) and Patel & Desmond

the exclusion binds a minimal closure of the claim rather  (2024). We make 1o claim beyond this stated test: the
than a number the model’s author derived. We regard

that as the honest state of the test: the model predicts
a direction of effect (preferred-axis alignment) that this
catalog is well-positioned to detect were it present at
the amplitudes the observational literature has claimed,
and does not detect it. Sec. A.1 discloses one further re-
sult that qualifies this exclusion and is not adopted as a
correction to it: the primary sample’s own per-imaging-
leg partition is not uniformly clean. A direct measure-
ment of the observed-to-physical transfer function, also
reported there, gives D < 0.60040.007 (Ag?ys > 1.63%)
on the classifier’s own imaging, in the conservative direc-
tion relative to an earlier, out-of~domain measurement
that this manuscript withdraws.

n2  result bears on the black-hole-universe model’s spin-axis
73 prediction only, not on the separate matter-bounce cos-
s mology this research program develops from the same
75 torsion mechanism. One disclosure result (Sec. A.1)
us qualifies this exclusion and remains unresolved — the pri-
7 mary channel’s own leg-removal stability — and is not
us adopted as a correction here. A second, a direct mea-
ne  surement of the observed-to-physical transfer function
0 on the classifier’s own imaging, gives D < 0.600 4 0.007
m (APPY® > 1.63%), superseding an earlier out-of-domain
72 measurement that this manuscript withdraws, and is re-
73 ported in the same section.

APPENDIX

A. SUPPLEMENTARY SYSTEMATICS DIAGNOSTICS

This appendix condenses the systematics checks the archived release uses to attribute the FSC harmonic residual
(Sec. 3) to classifier- and footprint-level structure rather than a dipole-aligned axis, restoring self-containedness beyond
the primary channel’s own null result.

Sample-purity ladder. Stratifying the full spiral sample by equivariant max-class probability into five confidence
bins, a +3.290 excess appears in the 1.87M-galaxy [0.5,0.6) bin under a confidence-stratified dipole estimator and
null; this signal does not survive the sample-purity cut used for the primary channel (peq > 0.6 gives —0.03¢ under
the same statistic). This is a distinct diagnostic from the primary HC-RI real-space dipole and illustrates why the
release adopted the high-confidence cut as the primary science sample rather than the full spiral catalog.

Fixed-support multipole vector. On the checksummed 24,087-pixel FSC support, the binary-mask fixed-
occupancy null gives the multipole vector zy=1, .5 = (4+6.923,42.931,+3.089, —0.317,+1.606): only £ = 1is a > 50
outlier, and its rank-p significance (p = 0.001996, Sec. 3) does not by itself distinguish a primordial dipole from a low-¢
classifier or footprint systematic, which is why the release cross-checks with directional partitions.

Directional partition checks. Splitting the FSC support into four RA quadrants gives per-quadrant dipole
deviations ranging from —0.82¢ to +2.490 — scatter, not the consistent projection a primordial dipole would produce.
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A Galactic-hemisphere split gives oiso = +0.47 (north, b > 0) and +2.02 (south, b < 0) against an independent per-
pixel binomial null, consistent with dust-correlated foreground structure in the south rather than a primordial signal.
Seven equal-spiral-count declination slabs (N = 457,308-457,309 each) span fcw deviations of —0.110% to —0.463%
from 0.5, all within 0.5%; an independent equal-area declination partition gives a compatible verdict (deviations up
t0 0.49% on the full spiral sample, 0.56% on the HC subsample). All partition checks are consistent with a bounded,
spatially structured residual entering upstream of the classifier (Sec. 2.2), not a coherent dipole-aligned gradient.

Statistical-only scale reference. For the full-amplitude dipole convention pcw (i) = %(1 + Acosf), the idealized
full-sky Fisher floor at Ngpiral = 3,201,160 is 0(A) = \/3/Nspiral = 9.7 x 10~* (a 30 ideal floor of &~ 0.29%); this full-sky
idealization omits the realized footprint, classifier transfer, and orientation dependence and is a scale reference only,
not a calibrated detection threshold or a substitute for the injection-recovery-calibrated AgbS of Sec. 3.

A.1. Robustness and disclosure: pixel-level calibration, full-parent behavior, and structure cross-correlations

Pixel-level calibration of the injection—recovery curve. The label-level injection-recovery curve used to set
ASES (Sec. 3) is a catalog-level identity check; a companion image-level pixel-parity injection through the production
equivariant classifier (N = 20,000 Legacy DR cutouts, 10 seeds, true mirror-flip of raw pixels rather than relabeling)
recovers a pixel-level slope dA/df = 40.0297 £0.0238 (hard, spiral-classified statistic). The pixel-level mirror injection
is exactly the symmetry of the production post-processing: the two-fold horizontal-flip test-time average satisfies
e(ew (MI) = eqq., (I) identically for every image, independent of the network’s weights. The injected operation is M,
so it transfers with unit efficiency by construction and the recovered curve obeys E[A(f)] = Ag(1 — 2f) at every N;
we report it as a consistency check of the post-processing implementation, not as a measurement of the morphology
transfer function. Propagating the injection-realisation variance that the original analysis omitted, the fitted slope
dA/df = 40.0297+0.0238 is consistent with the exact label identity at 1.8c, and the design would first reach 30 power
at N =2 7.3 x 10°. Table 6 records this comparison; the injection baseline itself is Ay = +0.59% for the spiral-classified
population probed here, a different quantity from (and opposite in sign to) the catalog-wide monopole reported in
Sec. 2.2 (few — % = —0.265%, equivalently A, = —0.53% in this paper’s amplitude convention — not the HC-selected
primary channel’s own monopole, which is positive), not the same baseline residual.

The transfer function is measured directly, on the catalogue’s own imaging. Handedness is a property of the galaxy,
not of the orientation at which it is presented, so whenever the pipeline returns different chiralities for two lossless 90°
rotations of the same cutout at least one of the two labels is wrong; the measured disagreement rate therefore bounds
the per-orientation error rate and hence the dilution D = 1 — 2e of any true population asymmetry from above. On
the catalogue’s high-confidence selection (N = 4,579 primary_hc spirals, streamed directly from Smith42/galaxies,
320,000 forward passes, no image bytes written to disk) the pipeline contradicts itself for 34.0% of spirals handed a
lossless 180° rotation and for 40.0% over the full set of right-angle rotations, giving D < 0.600+0.007 (610 below unity;
D < 0.660 4 0.008 on the assumption-free 180° row alone). The deficit is a rotation-equivariance failure rather than a
parity failure: the two-fold horizontal-flip test-time average renders the parity operation exact wherever it commutes
with the rotation, which we verify as a positive control (the flip identity residual is exactly zero at 0° and 180°). The
implied dilution raises the physical-parity sensitivity floor to Ag?ys > 1.63%, which is the figure we quote.

An earlier version of this measurement is withdrawn. Manuscript version v4P.0.10 and before reported
D < 0.717 + 0.005 (Aggys > 1.37%) from the same PA-restoring test run on Legacy Survey display cutouts. A
pre-registered positive control caught the domain mismatch: the released preprocessing, run at § = 0° (the identity
transform) on those cutouts, reproduced the released catalog’s own labels for only 43.9% of 19,800 galaxies (42.4% and
44.7% on two further independent draws), while an identical check against this program’s own previously committed
forward passes on those same images agreed at 99.99% — showing the classifier code and preprocessing were correct
and the images were the wrong ones: Legacy Survey display cutouts (a 39.3” field upsampled to 224 px) rather than
the 512 x 512 px, 0.262” /pixel Smith42/galaxies images the released classifier actually ran inference on — a 134" field
(median pixel correlation 0.992 against Legacy Survey cutouts at that scale, < 0.25 at every other grid point tested; a
3.41x field-of-view mismatch; Sec. 2.1). An out-of-domain instability bounds an in-domain one in neither direction, so
that measurement, and the dilution bound and physical-parity floor it implied, are withdrawn, not averaged with the
in-domain result above. The in-domain classifier is, if anything, less rotation-stable than the withdrawn out-of-domain
measurement suggested — the # = 180° self-disagreement rose from 21.1% to 34.0% — so this correction moves the
physical-parity floor upward, in the conservative direction, not downward.



820

821

822

823

824

825

826

827

828

829

830

831

832

833

834

835

836

837

838

839

840

841

842

843

844

845

846

847

848

849

850

851

852

853

854

855

856

857

858

12

Table 6. Pixel-level injection calibration, and the position-angle-restoring dilution bound measured in-domain on the classifier’s
own Smith42/galaxies imaging (N = 4,579 primary hc spirals, lossless rotations, streamed directly from the dataset). An
earlier bound measured on out-of-domain Legacy Survey display cutouts (D < 0.717 +0.005, Aggys > 1.37%) is withdrawn, not
averaged with the values below (Sec. A.1).

Quantity Value
Pixel-level injection slope dA/df (hard, measured) +0.0297 + 0.0238
o from exact label identity (—0.011791) 1.80
Mixture-corrected identity, soft statistic (—0.0093) consistent at 2.3c
D <1 — maxg d(f) (in-domain) 0.600 £ 0.007
= Able > 1.63%

The classifier’s parity-transfer efficiency is not uniform on the sky: it carries a dipole of fractional amplitude 0.090 £
0.010 (permutation-null rank p < 0.001), whose axis lies 31.6° from the dipole axis of the high-confidence subset.
Because the observed label asymmetry of that subset has a non-zero monopole (4+2.55%), a dilution modulated in
proportion to the measured efficiency map imprints a spurious dipole of 0.23% in the observed labels — 23% of the
Ags = 0.98% limit quoted here. This amplitude was measured on the same out-of-domain viewer cutouts as the
withdrawn dilution bound above and has not been re-measured on the classifier’s own imaging; it is reported as a
systematic floor on the interpretation of the limit, not a detected contamination, and its amplitude should be read
as preliminary pending an in-domain re-measurement. It assumes the dilution tracks the measured efficiency map,
and a true asymmetry of zero produces no dipole under any dilution. Two further out-of-domain quantities from an
earlier version — the rotation test-time-average recovery fractions and the position-angle-restoring transfer efficiency €
— are omitted here rather than re-quoted: since the in-domain rotation instability measured above is larger than the
out-of-domain one, a recovery fraction measured out-of-domain would most likely overstate what test-time averaging
recovers in-domain, and quoting it would be optimistic in the wrong direction.

Full-parent selection behavior. The primary channel’s 887,472-row primary_hc && !raw_flip_qc_unsafe se-
lection exists to exclude rows flagged by post-review raw-flip QC and low-confidence classification. Re-running the
same fixed-occupancy null on the full 3,200,420-galaxy parent (the 3,201,160-spiral classified sample of Sec. 2.2, re-
stricted to the Ngpira1(p) > 10 pixel-support cut used by this null; no QC/confidence cut) gives a dipole A = 0.566% at
z = +4.44, axis RA 278.6° /Dec +25.3°. A graded QC sweep localizes this to a single cut: removing only the raw-flip
cut (retaining primary hc) restores the null (z = 40.68), while removing only the primary hc confidence cut does
not (z = +9.13, at a distinct axis); a per-imaging-leg partition shows the excess is also removed by dropping the DES
leg alone (z = 40.48) but not by any Galactic cut. The four selections’ best-fit axes are not uniformly scattered: the
full-parent axis and the raw-flip-relaxed (null) axis agree to 17.3°, and the primary hc-relaxed axis agrees with the
primary channel’s own axis to 19.3°; the two pairs are separated from each other by 107-120°, well short of antipodal
(180°). We report the full pairwise pattern rather than a single separation, since the primary_hc-relaxed excess sitting
near the primary channel’s own axis is itself part of what this disclosure reports. The monopole-plus-mask-leakage
floor in this population is 0.19%. This pattern — signal present only in the population the primary QC cuts are
designed to exclude, removed by a single confidence or footprint-leg cut, with an unstable axis — is consistent with
a confidence-cut/footprint systematic rather than a shared physical signal, and is reported here as a systematic, not
subtracted from or used to adjust the primary channel’s null result. The same per-leg partition applied instead to the
primary 887,472-galaxy channel is less clean: five of the six single-leg fits exceed A$P® = 0.98% (only BASS+MzLS,
z = +2.00, A = 3.92%; only DECaLS, z = +2.20, A = 1.66%; dropping DECaLS, z = +4.19, A = 2.21%; only
DES, z = +2.49, A = 5.83%; dropping DES, z = +4.26, A = 1.39%), and only dropping BASS+MzLS (z = +1.02,
A = 0.66%) does not, versus zmom = +0.635 for the full four-leg primary sample. We report this rather than omit it:
it indicates the primary channel’s own footprint-stability nulls are not uniformly clean under leg removal, a residual
not resolved by this disclosure and not subtracted from the primary result.

Structure cross-correlations. On the same 949,584-galaxy primary_hc-labelled sample used for the full-parent
test above (pre-dating the raw flip qc_unsafe exclusion; not the 887,472-galaxy primary channel), a pre-registered
battery of 16 of 17 declared chirality x structure statistics was executed (the Shamir-axis statistic below was unavailable;
the full x17 Bonferroni correction is retained rather than loosened to x16): local spiral surface-density quartiles; angu-
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Table 7. Chirality xstructure cross-correlation nulls (representative statistics; full battery of 15 in the archived analysis).

Statistic z Result
Environment density, x> —0.38 null
Environment density, trend +0.17 null
Anomaly cross-corr. (rotation null) —1.05 null
Redshift trend —1.63 null
CMB dipole axis +0.21 null
CMB quadrupole—octopole axis —-0.13 null
Free best-fit direction +0.32 null

lar cross-correlation with 1,244 spectroscopic anomaly positions; five spectroscopic-redshift bins; and dipole projections
along the CMB dipole and CMB quadrupole—octopole axes plus the catalog’s own free best-fit direction. Each is tested
against a label-shuffle null where that null has non-zero variance for the statistic in question, or else (for the pixel-level
axis/dipole projections, where within-pixel label-shuffle is degenerate) against a 1,000-realization random-axis-rotation
null and a permutation-of-per-pixel-parity-means null, with a 30 look-elsewhere-corrected threshold declared in ad-
vance. The battery returns no detection: environment (x? z = —0.38, trend z = +0.17), the anomaly cross-correlation
(all eight angular bins and the nearest-neighbor excess null; the largest raw excursion falls from —2.37¢0 to —1.050
under a rigid-rotation null), redshift (trend z = —1.63), and the two fixed astrophysical axes (z = 40.21, —0.13) are
all null, and the free best-fit dipole (0.44%) is below its own look-elsewhere-corrected null (0.38% £0.16%, z = +0.32).
Table 7 summarizes. Two data limits apply: the environment test uses a parity-blind projected surface-density proxy
in place of a 3D void/filament membership product, since the DESI DR1 LSS products on disk at the time of this
run were QSO-only at z = 0.8-2.1 with no overlap with the z < 0.3 spiral sample and no low-z 3D density field was
available on disk (the DESIVAST void catalog used in Sec. 4 provides hole membership, not a continuous density
field, and does not substitute for one here); and Shamir’s claimed axis is not tested, because this manuscript draws its
quoted Shamir/Longo amplitudes from citation only and did not extract an explicit RA/Dec axis from those sources
for this battery — not because the cited works report no axis.

External environment: DESI DR1 BGS clustering catalog. A density-based environment split against an
external tracer field — k=10-NN density contrast measured on the public DESTI DR1 BGS_BRIGHT-21.5 clustering catalog
and 4 randoms/cap downloaded and uniformly sub-sampled to 6.0 x 105 total (not a void finder) — finds no dependence
of the parity fraction on environment in either subset it can be tested on. Table 8 reports a density-quintile split (void-
like = lowest quintile, wall/filament = middle three quintiles, node-like = top quintile, by relative rank; every bin’s
median J, is in fact overdense relative to the randoms in both subsets, so the split spans relative, not absolute, density
and does not reach genuinely underdense environments) for the 121,417-spiral DESI spectroscopic-redshift subset
(three-dimensional comoving density; cut to the 0.1 < z < 0.4 BGS tracer volume from a 0 < z < 0.6, tracer-matched
231,549-spiral parent) and the same-selection 949,584-galaxy primary_hc sample used for the structure battery above
(projected density; this projected subset is not disjoint from the spec-z subset — the 121,417 spec-z rows are a nested
subset of the 949,584 — and it is not the 887,472-galaxy primary channel, since it retains the raw_f1ip_gqc_unsafe rows
excluded from that channel).

The x? trend across bins is null in both subsets (spec-z: obs 1.872 vs. null 1.984 + 1.841, z = —0.06, p = 0.952,
confirmed by a sky-rotation null at z = —0.12, p = 0.917; projected: z = —1.51, p = 0.083 two-sided, from the same
1,000-realization label-shuffle null — the projected subset’s own sky-rotation cross-check used only 10 realizations for
wall-clock reasons and is not used as evidence, only as a non-quantitative consistency check). Per-bin dipole amplitudes
are likewise consistent with their nulls in every bin (|z] < 2.15). The largest excursion in the full 14-statistic battery
(2 subsets x [3 fow + 1 x% + 3 dipole]) is the projected node-like bin’s parity fraction, z = +2.96 (piocal = 0.0060,
p = 0.084 after the pre-registered x14 Bonferroni look-elsewhere correction) — below the pre-declared 3o post-look-
elsewhere detection threshold (]z] 2 3.7). We report this channel as null: splitting the chirality sample by local
environment, measured against a genuine external tracer population rather than the chirality catalog’s own projected
proxy, shows no environment dependence of handedness. The spec-z 3D result is the more constraining of the two,
since the projected proxy line-of-sight-integrates true 3D structure.
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Table 8. Parity fraction by environment bin against the DESI DR1 BGS_BRIGHT-21.5 clustering catalog (density contrast
0k, k=10-NN vs. randoms). z is against the 1,000-realization label-shuffle null.

Environment N fow z
Spec-z, 3D comoving (N = 121,417)

Void-like 24,284 0.48999 + 0.00321 —0.61
Wall/filament 72,849 0.49489 +£ 0.00185 +1.11
Node-like 24,284 0.49238 +£ 0.00321 —0.84
Projected, photo-z/no-z (N = 949,584)

Void-like 189,917 0.49602 £ 0.00115 +0.64
Wall/filament 569,750 0.49680 =+ 0.00066 —1.06
Node-like 189,917 0.49388 £ 0.00115 +2.96

Data. DESI DR1 LSS BGS_BRIGHT-21.5 clustering catalog, NGC+SGC, 0.1 < z < 0.4 (300,043 tracers, 4 ran-
doms/cap); the environment proxy is a k=10 nearest-neighbor density-contrast estimate against the randoms, not
output from a void finder or void/filament classifier.

DATA AVAILABILITY

The 8,474,531-row catalog, quarantine, exact null arrays, generator scripts, and full provenance register are archived
under Zenodo DOT 10.5281/zenodo.21461899 (concept DOI 10.5281/zenodo.21461898), published under CC-BY-4.0,
and mirrored at https://huggingface.co/datasets/bamfai/galaxy-chirality-catalog. This is the same archived
catalog release used by the sources this paper draws its quoted numbers from (15; 16). The black-hole-universe exclu-
sion analysis (Sec. 5) is fully reproducible from the committed script research/bh_universe_dipole/poplawski_
dipole_exclusion_2026_09_02.py and its output research/bh_universe_dipole/outputs/poplawski_dipole_
exclusion_2026_09_02. json. Full systematics appendices, harmonic and weighted-least-squares diagnostics, the
classifier bias-hardening audit, and the void/non-void secondary diagnostic paths (author VoidFinder, Tempel, AS-
TRA - the T-Web diagnostic is reproduced in this manuscript, Sec. 4) are not reproduced in this condensed
manuscript; they remain available in the archived source papers (15; 16) referenced above. The catalog is a sin-
gle Apache Parquet file (952,115,239 bytes for the pinned source revision) with one row per DESI Legacy DR8 galaxy:
a object_id identifier, sky coordinates, the observed chirality label (CW/CCW/NOT_SPIRAL), per-class probabili-
ties, and quality-control flags including raw_flip_qc_unsafe; a separate quarantine Parquet contains the 249,066
catalog-wide flagged rows (59,515 within the HC selection), and a machine-readable schema and validation re-
port accompany both files at the Zenodo DOI and Hugging Face mirror above. This manuscript’s own version,
v4P.0.12 (dated September 22, 2026), is the pin for its numbers: it is served alongside its git-tracked source at
https://github.com/Hubify-Projects/bigbounce/blob/main/pipelines/p4prime_chirality _test /paper/main.tex, and
the underlying catalog/quarantine/null-array revision it draws from is independently pinned by the versioned Zenodo
DOIT 10.5281/zenodo.21461899 above. The robustness/disclosure results of Sec. A.1, plus the out-of-domain diagnostic
that led to the in-domain re-measurement and the sky-dependence systematic, are individually reproducible from their
registered manifests, all registered in reproducibility/manifests/programs/galaxy-chirality. json:

e pixel-level calibration (N = 20,000 production run):
reproducibility/manifests/experiments/rowl6-image-level-injection-n20k. json

e full-parent selection behavior (dipole and graded QC/leg sweep):
reproducibility/manifests/experiments/p4p-rowl6i-full-parent-dipole.json
reproducibility/manifests/experiments/p4p-rowl6ib-axis-shift.json

e structure cross-correlations:
reproducibility/manifests/experiments/rowl6iv-chirality-structure. json

e external environment (DESI DR1 BGS clustering catalog):
reproducibility/manifests/experiments/rowl6ivb-bgs-environment. json


https://doi.org/10.5281/zenodo.21461899
https://doi.org/10.5281/zenodo.21461898
https://huggingface.co/datasets/bamfai/galaxy-chirality-catalog
https://github.com/Hubify-Projects/bigbounce/blob/main/research/bh_universe_dipole/poplawski_dipole_exclusion_2026_09_02.py
https://github.com/Hubify-Projects/bigbounce/blob/main/research/bh_universe_dipole/poplawski_dipole_exclusion_2026_09_02.py
https://github.com/Hubify-Projects/bigbounce/blob/main/research/bh_universe_dipole/poplawski_dipole_exclusion_2026_09_02.py
https://github.com/Hubify-Projects/bigbounce/blob/main/research/bh_universe_dipole/outputs/poplawski_dipole_exclusion_2026_09_02.json
https://github.com/Hubify-Projects/bigbounce/blob/main/research/bh_universe_dipole/outputs/poplawski_dipole_exclusion_2026_09_02.json
https://github.com/Hubify-Projects/bigbounce/blob/main/research/bh_universe_dipole/outputs/poplawski_dipole_exclusion_2026_09_02.json
https://github.com/Hubify-Projects/bigbounce/blob/main/pipelines/p4prime_chirality_test/paper/main.tex
https://github.com/Hubify-Projects/bigbounce/blob/main/reproducibility/manifests/programs/galaxy-chirality.json
https://github.com/Hubify-Projects/bigbounce/blob/main/reproducibility/manifests/experiments/row16-image-level-injection-n20k.json
https://github.com/Hubify-Projects/bigbounce/blob/main/reproducibility/manifests/experiments/p4p-row16i-full-parent-dipole.json
https://github.com/Hubify-Projects/bigbounce/blob/main/reproducibility/manifests/experiments/p4p-row16ib-axis-shift.json
https://github.com/Hubify-Projects/bigbounce/blob/main/reproducibility/manifests/experiments/row16iv-chirality-structure.json
https://github.com/Hubify-Projects/bigbounce/blob/main/reproducibility/manifests/experiments/row16ivb-bgs-environment.json
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032 e direct dilution measurement, PA-restoring reversal on out-of-domain Legacy Survey display cutouts — with-
033 drawn, superseded below:

934 pipelines/p4prime_chirality_test/rowl6_pa_parity_transfer

935 reproducibility/manifests/experiments/rowl6iib-pa-parity-transfer. json

036 e out-of-domain diagnostic that caught the domain mismatch above, the largest-feasible-sample d(180°) recalcu-
037 lation, the rotation test-time-average recovery bound, and the sky-dependence dipole systematic (the last two
938 remain out-of-domain and not re-measured; Sec. A.1):

939 pipelines/p4prime_chirality_test/rowl6_tta_2026_09_21

940 reproducibility/manifests/experiments/rowl6-tta-recovery-bound. json

041 reproducibility/manifests/experiments/rowl6-d180-largest-feasible-subset. json

0a2 reproducibility/manifests/experiments/rowl6-s6-dipole-projection. json

013 e in-domain dilution measurement (adopted): direct PA-equivalent rotation test on the classifier’s own
044 Smith42/galaxies imaging, N = 40,000 galaxies streamed by HTTP range read, 320,000 forward passes, plus
o5 the pixel-scale diagnostic establishing the 134" in-domain field:

946 pipelines/p4prime_chirality_test/rowl6_indomain_d180-2026_09_22

047 reproducibility/manifests/experiments/rowl6-indomain-d180. json
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