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Nown-gaussiawn statisties
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BAasLC Pi‘peLiwe

Create mock catalogues:

-Ruwn N—bod5

-Light-cone mass maps (potethaLLg many per N—bodg)
-Ray-trace: convergence, shear maps (+ 2D tidal fields for LA)
-Clowe data: assign simulated lensing gquantities to clone
-Repeat for every simulations

Measure non-Gausstan statisties:

Lensing peak statistics, lensing PDF, lensing volds, topological
analysis (e.9. Minkowski functional, Betti numbers, persistent
homology), scattering transform, CNN...

nfer cosmology:
nterpolate model

Model § sample Likelihood
Constrain parameters

Simulations

How wmwany:

Cosmology: 50

Covariance matrix: 225
ntrinsic alignments: 10
Baryons: 2 (Hydro, so $£¢£1)



BASLC P'LpeL'Lwe Simulations

Create mock catalogues:

-Ruwn N—bod5

-Light-cone mass maps (potewtiaLLg many per N—bodg)
-Ray-trace: convergence, shear maps (+ 2D tidal fields for LA)
-Clowe data: assign simulated lensing gquantities to clone
-Repeat for every simulations

How wmwany:

Cosmology: 50

Covariance matrix: 225
ntrinsic alignments: 10
Baryons: 2 (Hydro, so $£¢£1)

Measure non-Gaussian statistics:

Lensing peak statistics, lensing PDF, lensing volds, topological
analysis (e.9. Minkowski functional, Betti numbers, persistent
homology), scattering transform, CNN...

nfer cosmology:
nterpolate model

Model § sample Likelihood
Constrain parameters

PDF: Castiblanco+ (2024) arXiv :2405.09651

comparison: Buclid Collaboration (2022) AEA, 675, 120
9



KIDS-1000 Survey:

F’T OmegacAM o J

|

FF7F (wnmasked) deg?
6.2 gal/arcmin?
_9 photometric banols

5 tomographic bands
21 million galaxies

(giblin+2021, Hildebrandt+2021,
Joachimi+2021, Asgari+2021 )




KIDS-1000: Cosmology from Qsale count
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KiDS-1000: Cosmology from. 1 AR coNt .
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KIDS-1000: Cosmology from Qsale count
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KLPS-1000: Cosmology from Peak count
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Towmography: Cuts in SNR
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Towmography:
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R R A S S S EETT———.
MuLtipLe awaLgsis
verifications

1 T 1

g this work fiducial
v KiDS-1000 up to pairs
v auto only
v no tomo
SNR < 3.0

= SNR > 0.0
- no bin1

v no bin2
v no bin3

v other analyses Asgari+2021
- KiDS-100 vdBusch+2022
Loureiro+2022
- Fluri+2022
Lon%e§+2022
Li+202
- Troster+2022
v this work fiducial
—— Joint no IA
—e— no baryons
= = multinest
v DES-Y1 re-analysis
> other analyses HD27 peaks
cosmic shearonly  HSC-Y3 ~-2PCF
——v— DES-Y3 y-2PCF
—— DES-Y3 Peaks
——i DES-Y3 Moments
g HSC-Y1 Peaks-th
—— HSC-Y1 Peaks-sims
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MuL’cL‘PLe ana LHsLS Posterior distribution
verifications fully consistent with the
DES-Y1 peak count
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KIDS1000+DES-Y1 2

Aia

DES-Y1 reawaLgsis:

-Nautilus sampler (Vs Multinest)
-Updated bargow meoolel

KiDS
Joint
DES

0.65

0.70

0.75

0.80

0.85




KIDS1000+ DES-Y1

DES-Y1 reawaLgsis:

-Nautilus sampler (Vs Multinest)
-Updated bargow meoolel

KiDS
Joint
DES
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<
o_
-1 -
0.65 070 075 0.80 0.85
. . 0.020 0.47
Fiducial 0.732i8'8%(6) 0'82i8'2‘%
+0. +0.
ACDM 0‘736—0.018 0.81_0_46



Tenslon with Planck

Planck _ ¢ peaks
ss Ss

T=
Vvar[$ g]Planck + var[$ g]peaks

¢ = 0g[Q /0.3]
@ = 0.58



Tenslon with Planck
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Tenston with Planck
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caveats

Tenston measured tn 1D
Coswmology sampling is 4D
A model ts NLA

(gwnored source clustering

Baryon model has ong 1
pamme’cer

Assumed multivariate
Gaussitawn Likelthood

“Small” training set



New LA simulations (in prep)

2 1
T 2
Yij = Clsij +016(5X8ij)+02|:2 SikSkj — géijs ]+...,
N—— " ~ v k=0
Tidal Alignment  Density Weighting y

Tidal Torquing




conclustons:

Probes begowd 2pt rely heaviLg on nuwmwertcal
stmulations

we Combine Surveys with unified awaLgsis pipeline
Current analyses are mature and precise (2% on SK)

Measuwred a 3-4sigma temsion on S with Planck in
LCPM, with caveats

Effort on the way to improve everything




Aperture mass statistics: baryons vs. LA gHp+2022)
S/N
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Bverything
must be
meroved



Zuercher+2022 Margues +2023
DES Y3 results: Cosmology with peaks HSC/—YI Wl:tl’l ‘Pea ks

Il C
Il Peaks+Min
Il Cl+Peaks+Min

I CLs
Peaks
I CLs + Peaks

080 /ﬂ -+ /

0.75 -T-

S

0.70 -

A s° Other non-Gaussian probes:
lensing PDF (Gatti+20220),
Persistent Homology (Heydenreich+2022)
clipping (Giblin+201%)
CNN (Flurt+2022)
Scattering transform (Cheng+2024)
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The stakes are high!

Ex: Weak Lensing “peak statistics”

merovemew’c on 2 m,
impro\/emewt ons,

2x improvemewt onw,

“No waste!
qet more from the same datal”
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https://arxiv.org/abs/2010.07376
https://arxiv.org/abs/2018.01781

validated on N-body simulations independent of the

tratning set, contaminated with LA and bargows
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New huydro New covarLtance
stmulations stimulations

(Millennium TNG, Flamingo...)

TBeb

https://www.mtng-project.org)/



https://www.mtng-project.org/

Suystematics: GPR

. by =1.0
- A,=10
W SLICS-HR

-
e}
=
-
@ —— +
Q
P H
-
(=) - . H
1
1 | H
1 I 1
1 1 1
-4 b 1 i H
! ) 1
I ¥
T+ 7
1
|
i \‘
|
: I
i
|
H
: /
i
02 0.3 04 0.5 0.7 0.8 -15 -1.0 -4 -2 0 2 4 05 1.0 15

Qm Ss wo A Dbpary



Requirement for Stmulations-baseol
approaoh

Signal modelling:

WCDM simulations (cosmo-SLICS, see right cosmo-SULICS parameter space (26 wodes)

‘PLD’C) Wi ° ] 2019AEA...631A.160H
NWUCPM simulations (MassiveNus, Liu+2018) oz O8] %s ° :u oon

0.6 G
Covariance Matrix: 0.81 1%, =8 4f 1,7° % ow
Scinet Light-Cone Simulations (900+ <0718 "5t Tl E g
Lnolepenoent light-cones, public, see https:// 0 el Lse g e " ® as
slics.roe.ac.uk) ‘—c:un; s —D—.:‘ —d:nn J‘:*

— o u] (s] % =] 2 o

Systematics: ] l : o d““cbu” uul DDZ % o T & Dnu De
Photometric uncertainty, shape calibration, _2 T g f EL Pa, 5 o : 2 . o
Baryonic feedback, intrinsic alignment of 0.1 0.3 0.50.6 0.8 0.60.70.8
galaxies, non-linear modelling... Q Sg h
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http://ui.adsabs.harvard.edu/abs/2019A&A...631A.160H/abstract

