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The integrated 3-point correlation function

e Aperture mass Myp at the centre of a
patch, with a compensated filter of
radius fap

e Local 2PCF ¢4 («) from the galaxy pairs
inside the patch

e Correlate the two over all patches
(x(a) = <Map 5:‘:(O‘)>patches

From Halder et al. 2023

= An integrated shear bispectrum,
measured with pairs and a filter sum
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Why the i3PCF

e Squeezed bispectrum: the response of the
small-scale power spectrum to a large-scale
mode

e Leading order o af{, the 2PCF  o3: different
degeneracy direction in Qp,—og

e Measurement cost O(n?) instead of triplets;
on GPU with CosmoFuse

overdensity underdensity

Setup:
e 5aperture radii 50'-130’
e 2PCF scales 15'-250’
e 4 DES Y3 tomographic bins

Small-scale power modulated by a large-scale mode. Image credit: E. Komatsu
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The SBi3PCF framework (Paper 1, arXiv:2510.13805)
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N-body simulations Weak lensing maps Summary statistics Neural likelihood
CosmoGridV1, 2500 DES Y3 mask, shape &4 and ¢, 1440 flow for p(x | 6) of the
wCDM cosmologies noise, Ay, m;, Az; elements per mock 17 MOPED coefficients

e 17 parameters: 6 WCDM, baryonification (M, /), NLA Ara, 4 shear biases m;, 4 redshift
shifts Az;

e DES Y3 mask and per-pixel shape noise from the catalogue; 2500 cosmologies,
70,000 mocks, 16,000 fiducial footprints

e Forward model validated against analytic predictions; source clustering and reduced
shear negligible for DES Y3
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Paper 1: constraints on a DES Y3-like mock
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Paper 1: bias test at the fiducial cosmology
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e 800 noisy mocks at the fiducial cosmology, bias ¢ of the median in units of the 68 %
half-width

e Qm, og, Sg unbiased for the 2PCF and the 2PCF + i3PCF
e Wy biased low: 0.62 ¢ for the 2PCF, 0.41¢ for the 2PCF + i3PCF

= Higher-order information helps to debias w,
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Paper 1: expected gain from the i3PCF

100+ : Median: 63.8%

——— Example Posterior: 64.9% e 800 independent fiducial noise realisations

e Figure of merit 1/v/det Cov in Q—0g—Woq

e Median improvement 63.8 %, every
realisation positive

e Largest gain for og: 68 % interval 31 %
narrower
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= The i3PCF provides a significant improvement

0.5 1.0 1.5 2.0 H i
Improvement in FoM of O, — 5 — Wo in parameter constraints
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DES Y3: first detection of the i3PCF on survey data

(4,44)

b
H e DES Y3 Metacalibration catalogue: 100 million
™ galaxies, 4143 deg?, 4 tomographic bins, pixelised

at NSIDE 512

—_===

a4+ x 107 [arcmin]
(=}

§ 0] \ e Same estimators, mask and pixel weights for the
< 081 * | + * data and every mock
? 00 W W i +++ +++ \H + e S/N: 2PCF 33.5, i3PCF 38.0, 2PCF + i3PCF 50.3;
& ' '+ each aperture radius at S/N 11-15
30 100
gl = The i3PCF is clearly detected on Stage-lil data

—— 02p=50" —— 6, =110
—o— BOp=70" —— 6,p=130"
—— Bap=90' dropped in ‘no small scales’
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Internal consistency of the blinded measurement
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e Variations of the joint data vector: drop one tomographic bin, or the two smallest
angular bins

David Gebauer Beyond 2-point LSS cosmology, AG 2026



wCDM constraints from DES Y3

x1.20

SN2 PCHENSRCE
— 2PCF
— i3PCF

6 %o

Sg
2, @

Wo
N N\ \,
o0 _ 0
6 ]'v’ ‘@ ¥ 6

~

David Gebauer

Qm Sg Wo
. ° .26
2PCF 0.258%%%%  0.7957%%,  —0.961%%%
A +0.10 +0.0 +0.41
i3PCF 0336°%¢  0.7771%%, —1ntGAL
. +0.039 0.026 +0.27
2PCF+i3PCF  0.268T009  0.7807%%%  —1.09°07%)

e The 2PCF constrains Sg, the i3PCF constrains
g5 witha > 0.5

e The joint posterior sits at the intersection;
widths as predicted by the mocks of Paper 1

e Only a weak constraint on feedback
logM; = 13.979:8

o App = 2.675% with = 0; does not move the
cosmology

e FOM(Qm, Sg, Wo) x1.57 over the 2PCF
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Comparison with other DES Y3 beyond-2-point and external results
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zf
e Sg within 0.10 of DES Y3 3x2pt; the
map-based SBI results sit higher in Sg (use
smaller scales)
8 o 2PCF-only result consistent with the official
DES Y3 cosmic shear chain
e Parameter-shift tension with independent
data: 0.40 KiDS-1000, 1.60 DESI DR2, at
. most 2.2 for Planck 2018 + BAO
j = No significant tension
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Where the 2.2¢ shift with Planck comes from
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2PCF + i3PCF

- DES Y3 cosmic shear

- Planck 2018 + BAO

e Joint analysis overlaps DES Y3 cosmic
shear

e Planck 2018 + BAO lies in the high-Qn,
high-Sg corner of the 95% contour

e Shiftis 1.30 in (Qm, Sg), 2.20 in (Qm, Sg,
Wo)

e Same ~ 20 shift for the 2PCF alone, i3PCF
alone is compatible (1.00)

e Caveats: different wo priors

= Lensing prefers lower Sg, the familiar

direction
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Summary and outlook

= We have a forward model validated with analytical
predictions

= First i3PCF detection on survey data, first SBI analysis of a
3-point shear statistic

= Blinded DES Y3 analysis passed all pre-unblinding tests
= Sg = 0.78073:925, QO = 0.26875:039, wo = —1.097337
= FoM x1.57 over the 2PCF from scales > 15/, no tension
with external data

Next
e Comparison with the analytic-likelihood i3PCF analysis
of the same data (Halder et al., in prep.)
e Joint analyses with other HOS on the same maps, DES
Y6, including GGL & GC
e Stage-IV: tidal alignment models, redshift outliers, richer
baryon model, larger suites or emulators

David Gebauer Beyond 2-point LSS cosmology, AG 2026

[=]=Fa

gebauer.ai
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