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WHY ARE WE DOING IT?
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Dark energy & cosmological tensions
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Going beyond ACDM
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Latest results: DES/KiDS/HSC + DESI
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What about the tension around H,?

o . . =0.01
90 KiDS-1000 Pedreira+23 #=00
rg,, =1.06
751
N, ;;=3.950 'S
SHOES * N 13
So Np s Nepy=3.550 Jede =0
o %Y % % 010 w=-1.2
= 70 | A A ‘%" T
N =60 A" =58 HLI
N =56.=55 EDE
65 - Planck EDE +v
Varying m,.
— Varying m .+
—— Varying N,
m. = 0.96 —— Quintessence
60 1 W= -0.7 Phantom DE
0.75 0.80 0.85 0.90

08



Towards more complex cosmological models?
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HOW ARE WE DOING IT?






Size of the

Universe

Time since
Big Bang

=
o ey -
P - -
EARS I el AR - ¢
- o, s [|€®s T .
y - il b L‘" - 4
R ¢ S e | |
“s, - a o 't
. et ‘.- .
e & R = > *0
- *7 { t o
) . ’ e -
B : [
) O R - o OJ
) e . : - ‘ -
23 XY .
4 i : .
. 2™ - /
By 4 ~ .

*

Y

Cosmic Shear
z~0to3 13



=

.

s

A T
k7
m o -~
v,
&m o
=

. 7

e
. «wnm%mmmm,

o AL

| e e
= o [l

9sIaAIUN
3yl Jo 971

Time since

Big Bang

Cosmic Shear

COP.

PACE TELES

z=~0to3



Shear calibration Estimator: shear 2-point correlation function
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Shear calibration Estimator: shear 2-point correlation function
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EUCLID HIGHER ORDER WEAK LENSING
STATISTICS (HOWLS)



HOWLS community challenge

Set of HOWLS simulated mass maps
DUSTGRAIN

pathfinder
Giocoli+18

LCDM fiducial

* 12 cosmologies + SLICS
covariance

e Realistic Euclid mocks
(n(z), shape noise)

* Mass maps distributed to
community

+SLICS »

Harnois- . L S+ Fisher forecasts
Deraps+19 : i ; * Data set released with
the paper
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Summary statistics

Field Statistics Abbreviation Teams
0% two-point correlation functions v-2PCF (£, /¢6-) 1(+1)
K two-point correlation function k-2PCF (&;) 1(+2)
K one-point probability distribution function «-PDF (P) |
K higher order moments HOM (M) 2(+2)
M,y(y)  third order moments M3, 1
M,,(y)  n-th order moments M;’p 1
M,,(x)  peak counts peaks (N) 1(+2)
K Minkowski functionals MFs (Vy, Vi, V) 1(+2)
K Betti numbers BNs (8o, £1) 1(+2)
M,,(y) persistent homology Betti numbers pers. BNs () 1
M, (y) persistent homology heatmap pers. heat. (h) 1
K scattering transform coefficients 51, 82 1

e 12 different statistics
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Shear calibration Estimator: Higher Order Weak Lensing Statistics (HOWLS)

E Imgge £ Euclid Collab. XXV1Il, 2023
simulations = ] ]
e N Statistics g0.849 \
y-2PCF 0.8351 S ,
*-ZPCF 0.849
Moments e | S
Third order My, 0.8351 \ \
Ellipticities Lensing PDF 0.849+ 1 1
(£L, €) Peak counts » S, A U N
Minkowski functionals '
: 0.849 |
Bettl. numbers e e -
Persistent homology 0.835

Scattering transforms

4 1

Numerical prediction Systematic biases
el ) * Shear calibration (m, c)

0.310 0.317 0.310 0.317 0.310 0.317
Qn Qn Qn

Observations ’

Redshifts (z)

1 ]

. ‘; * Mean redshift (Az)
Spectroscopic Lo _Ntb‘OdV ' : ' * Intrinsic alignment (A},
calibration -~ simulations . - - * Baryons (B)



Towards a combination

Correlation matrix
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PROBING DARK ENERGY WITH
TOMOGRAPHY



DES-Yr3 peak prediction with tomography
(ZUrcher et al. 2020)

B Tomographic, With systematics [ DES Y1 cosmic shear

Il Non-Tomographic, With systematics CLs, Tomographic, With systematics

HE Planck 2018, TT,TE,EE + lowE + lensing

1.1 4 CLS+PC =
0.9

00

b
0.7 4
0.5

T T T T T T T 1 T 1 T T T T T
0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5
Qpr Qpr Qar

* Constraints on Sg improved by 25%

* Tomography works better for 2-pt statistics than for peaks

27



¢, [10* arcmin]

- N W

o

o

Improving tomography
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Tomographic 2PCF (Hildebrandt et al. 2017)

Only auto-correlations are used in the
case of mass maps

Tomographic mass map
(before Martinet et al. 2021a)
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Improving tomography
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Shear calibration

Image
simulations

Ellipticities
(g1, €5)

Observations ’

Redshifts (z)
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Spectroscopic
calibration

Estimator: peak counts
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1D likelihood

S8 Martinet et al. 2021a
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* First combined forecasts on w,
* x3 improvement on w, compared to
2PCF alone

Systematic biases
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WATH o B * Mean redshift (Az)
._Ntb‘of-jy ' : * Intrinsic alignment (Ay) lmeisoeaes
simulations . - - .

Numerical prediction
O i Harnois-Déraps,
Martinet et al. 2021

Baryo ns (B) Martinet et al. 2021b
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KiDS1000+DES-Y1: Harnois-Déraps, NM et al. 2024
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TOWARDS EUCLID DR1
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Mass mapping

. Ks
—— Tersenov+25

PDF i
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Euclid Collaboration LXXXV: Vinciguerra, Bouche, HOWLS et al. 2026



HOWLS DR1 forecasts
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a SIMULATIONS

MARCO JOACHIM IRAT

39

GIOVANNI JEGER

@ Available

.

density shells

homogeneous ray-tracing via Born approximation

baryonification
1A model
common post-processing pipeline

0 Missing

.

.

band-limiting

baryonification validation
DRI-tiling

1A, SC & ph-z maps

north & south n(z) processing
BACCO-rescaling prior extension

lﬁ

o STATISTICS
MEASUREMENTS

o~

MARCO  FILIPPO

SIMONE

Q Available

« shear-2pt

+ HOM

* maxima & minima | multi-scale
« PDF filtering
. MFs (top-hat)
voids

0 Missing

* WPH
+ Persistent Homology

Available: items already implemented or in

place

HOWLS Coordinators

809

NATALIA

e STATISTICS

‘ THEORY

08 MEe

ANDREAS

LINA ORA

ALEXANDRE  VINCENZO ALESSANDRO

Q Available
« shear-2pt
+ PDF

* I1-norm

+ DSS

0 Missing
+ HOM, MFs
« systematic modelling

or still to be done

o EMULATOR

KARTHIKA JOACHIM  DANIELA

o Available

* GPs for multiple HOS
« optimal cosmology grid via 2pt

0 Missing

GPs for maxima & minima, MFs

possible extension to MLP
optimal cosmology grid via PDF
numerical emulator stability

Missing: items not yet available

@@

NICOLAS

e LIKELIHOOD

ZEYNAB ELENA

@ Available

+ skew-normal fitting
oipeline (tested on
subset of HOS)

O Missing

+ emulator error propagation
into likelihood

skew-normal fit for
remaining HOS

DR1 skew-normal fits

* compression (bonus)

° INFERENCE

DANIELA LINA FILIPPO

@ Available

« EMCEE sampler

* Gaussian likelihood

+ multi-scale and tomographic
chains

Q Missing

+ non-Gaussian likelihood
+ CLOE implementation (TBD)

DR1 Readiness overview for HOWLS working group.

Blocks are ordered along the analysis pipeline (left = right).

BEYOND

‘ LCDM ‘

0He ¢

FII.IPPO ALESSANDRO

JOACHIM

O Available
« GR flat-sky end2end
from kappa tiles of
GR pipeline

0 Missing

+ Boost factor emulation

2 ity

o SHEAR x
PHOTOMETRIC

CLUSTERING

- b

LINA

@ Available

+ DSS theory code

0 Missing

* RR2 mocks

systematics
+ beyond-GR chains

« inference
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Impact of baryons
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Impact of baryons (Martinet et al. 2021b)
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mocks (with tomography, 100 deg?)
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Impact of |A (Harnois-Deraps, NM et al

'I Iom Joachimi et al. 2016

Intrinsic alignments (Hirata & Seljak 2004)

.2022)
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Impact of intrinsic alignment
(Harnois-Déraps et al. 2022)
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Impact of intrinsic alignment
(Harnois-Déraps et al. 2022)
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