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Why cosmic shear

Z ~ 1100: the CMB 1100 > z > 1: growth Z ~ 0.3—1: cosmic shear

primordial amplitude and tilt, 3 dark energy w(z), >-m,,

3 the amplitude of the matter
As, ng: the initial conditions dark matter physics, gravity

field today: og, Qm, Wo

o Planck: initial conditions, ACDM predicts Sg = 0g1/Qm/0.3 ~ 0.83 today
Lensing: the amplitude today, all matter, no galaxy bias

Mismatch: physics in between (w(z), > m,,, dark matter, gravity)

Status: Stage-lll lensing ~ 20 low in Sg

= Lensing tests how the initial conditions of the CMB grew
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Weak gravitational lensing
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Cosmic shear: a projection of the matter density field

H2 Q[
x(0) =225 [Ty

= Bin1 =— Bin2 = Bin3 Bin 4

Z&;é(xe,x), v K

3 1 soyrce galaxies

Sources in 4 tomographic bins with
photometric redshifts

Mixes scales 1073 < k < 10" (non-linear
regime, baryonic feedback)

Amplitude x Qmog
W, through growth and distances

lensing kernel

= Constrains Sg, Q;;; and weakly w, from the

W e W e 20 non-linear matter field

redshift z

DES Y3 source redshift distributions and lensing kernels q(z)
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The non-Gaussian field

N-body shell atz ~ 0.2,15° x 15°

-

& e Shear two-point correlation function
S is a weighted projection of Ps(k)
: = N-body
& . (de
2 el owesn 60 = [ 5= Josaltt) Pt
3 100 , 1000
Gaussian field, same C, e Complete for a Gaussian field, as the
initial conditions are
= N-body . q
— - Gaussian e Gravitational collapse induces
% non-Gaussianities

= Beyond-2-point statistics recover
4 2 0 2 4 hon-Gaussian information
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Which higher-order statistic?

Statistic Information captured  Measurement cost  Analytic model

2PCF Gaussian part low, pairs yes

3PCF full bispectrum high, triplets yes, expensive
i3PCF squeezed bispectrum  low, pairs + filter yes

Map level everything very high no

e Every statistic beyond the 2PCF needs simulations for its likelihood
e Analytic model as independent check of the simulation pipeline
e 2PCF +i3PCF, measured from the same galaxy pairs, both with analytic models

= The i3PCF adds bispectrum information at two-point cost
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The integrated 3-point correlation function

. e Aperture mass Myp at the centre of a
S 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 f:*:(0‘)>patches

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

Sketch after Halder et al. 2023
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Why the i3PCF

morephoavrvcé-rmode less ngérpode B(ks, k) ks <kn 8Ina[-;(kh) P(ks) P(ky)
S

soft mode 6

e Squeezed bispectrum: response of the
hard-mode power to a soft mode

overdensity underdensﬂy s e Gravitational coupling, from the response of
position p(k)
e Cost: pairs + filter, O(n?), on GPU with

Grey: without mode coupling. Sketch after E. Komatsu COSmOFuse
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Simulation-based inference
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parameters 6 parameters 6
Traditional: analytic model for the mean x(6), SBI: simulate (0, x) pairs, learn p(x | 6) with a
Gaussian likelihood, covariance from simulations neural density estimator, slice at the data

o No explicit model of the likelihood needed

o All effects are simulated in the forward model

e Sample the learned likelihood with MCMC to
get p(H | Xobs)
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The SBi3PCF framework (Paper 1, arXiv:2510.13805)

o 333
tyibpgit
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UFalcon CosmoFus

; ) > - —> (a8
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

e Single noisy mock at the fiducial cosmology
(dashed lines)

e 2PCF alone and 2PCF + i3PCF

e True Qm, og, Sg recovered without bias; wo
weakly constrained, as for any cosmic shear
analysis

e Coverage test passed on 1250 test mocks:
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the credible intervals are calibrated

= Adding the i3PCF tightens o3 and Qi most

P 2

,,70

Q7 Q7 Q7 07 O

David Gebauer

Qm

Og

Wo

Ss

°© D o P P 9 O O AV Ao S > P
W o O
> PSRN M7 7 NV P P

Cosmo Connection 2026



Paper 1: expected gain from the i3PCF
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--- Example Posterior: 64.9%

David Gebauer

0.5 1.0 1.5 2.0
Improvement in FoM of Q,, — 0g — wp

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

= The i3PCF provides a significant improvement
in parameter constraints
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DES Y3: first detection of the i3PCF on survey data

(4,4,4)
: 8 4
<0 ﬂkhﬁﬁ
N
s 11 e DES Y3 shape catalogue: 100 million galaxies,
4143 deg?, 4 redshift bins, on 7’ pixels
= 1.6 e Same estimators, mask and pixel weights for the
x 0.8 - * data and every mock
3 0.0 - V h% h e S/N: 2PCF 33.5,i3PCF 38.0, 2PCF + i3PCF 50.3;

each aperture radius at S/N 11-15
100

a [arcmin]

= The i3PCF is clearly detected on Stage-lll data
—— 0, =50 —0— 0, =110
~0— 0p=70" —@= 0y, =130

—0— 0y, =90’ dropped in ‘no small scales’
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Internal consistency of the blinded measurement
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Blind analysis:

Va

o ellipticities rescaled by an unknown factor

o all analysis choices frozen

o list of tests must be passed
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riations of the data vector:
e drop one tomographic bin
e drop two smallest angular bins



wCDM constraints from DES Y3
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Comparison with literature

H
2PCF + i3PCF - —0— E
2PCF - —— |
i3PCF —0C— g I
ST —— = e Sg within 0.10 of DES Y3 3x2pt
Y3 3x2pt == e 2PCF-only result consistent with
Y3 2+3pt shear —O— the official DES Y3 cosmic shear
Y3 moments+wavelets —0— % chain
Y3 map-level CNN + Oy | (%} . .
Y3 persistent homology - =01 e Map-based SBI results higher in Sg
Y3 hybrid statistics =o- e Parameter-shift tension with
Y6 3x2pt —0— F:’. independent data:
KiDS-1000 cosmic shear - @ @ .
KiDS-1000 3x2pt - ——i § e 0.40 KiDS-1000,
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Comparing with literature

— 2PCF + i3PCF
== Y3 cosmic shear
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Comparing with literature
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— 2PCF + i3PCF
== Y3 cosmic shear

— Y3 3x2pt o Caveat: different w, priors

e Joint analysis overlaps DES Y3 cosmic
shear

e Adding GC gives same Sg, higher Q,
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Comparing with literature

— 2PCF + i3PCF
— Planck + BAO

Caveat: different wy, priors

Joint analysis overlaps DES Y3 cosmic
shear
Adding GC gives same Sg, higher Q,
Planck 2018 + BAO lies in high-Qp,,
high-Sg corner
Shift is:

e 1.30in (Qm, Sg)

e 2.20 in (Qm, 58, Wo)
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Comparing with literature
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— 2PCF + i3PCF
— Planck + BAO

Caveat: different wy, priors
Joint analysis overlaps DES Y3 cosmic

shear
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Adding GC gives same Sg, higher Q,
Planck 2018 + BAO lies in high-Qp,,
high-Sg corner

Shift is:

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

N '% = Lensing prefers lower Sg
O



Summary & 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, O = 0.26873:039, wo = —1.097337
= FoM x1.57 over the 2PCF from scales > 15’

= No tension with external data

Next:
e Add more summary statistics (1-pt PDF)
e Go to multi-probe (GC, CMB lensing)
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https://arxiv.org/abs/2510.13805
https://www.gebauer.ai

