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Higher Order Weak Lensing Statistics 
in Euclid

Kruse & Schneider 1999,2000:
Peak statistics in a 25 deg2 survey could easily 

distinguish between Ωm=1 and Ωm=0.3



WHY ARE WE DOING IT?
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Dark Matter?

Tensions?

ΛCDM?



Dark energy & cosmological tensions

• New physics

• Statistical fluctuation

• Systematic biases (CMB or lensing)

𝐺µν =
8π𝐺

𝑐4
𝑇µν − Λ𝑔µν

1. Modified 
gravity

2. Dark Energy
𝑃 = 𝑤ρ, 𝑤 ≈ −1

Hildebrandt et al. 2017
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Going beyond ΛCDM

• Evolving DE can solve the S8 tension
7

Joudaki et al. 2017

𝑤 𝑎 =  𝑤0 + (1 − 𝑎)𝑤𝑎



Latest results: DES/KiDS/HSC + DESI

8

DES-Y6 Abott+2026, KiDS-Legacy 
Wright+25, HSC Y3 Zhang+25

DESI DR2 2025



What about the tension around H0?
Pedreira+23KiDS-1000

SH0ES

Planck



Towards more complex cosmological models?

Pedreira+23KiDS-1000

SH0ES

Planck

Scale-dependent PNG
Stahl, [NM] et al. 2024



HOW ARE WE DOING IT?





Cosmic Shear
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Cosmic Shear
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Ellipticities 
(ε1, ε2)

Redshifts (z)

Spectroscopic 

calibration

Observations

Estimator: shear 2-point correlation function

Theoretical prediction 
• Shear calibration (m, c)

• Mean redshift (Δz)
• Intrinsic alignment (AIA)
• Baryons (B)

Systematic biases

Hildebrandt et al. 2020

Shear calibration

Image 
simulations

15



CMB, 𝑧 ≈ 1000 Cosmic shear, 𝑧 ≈ 0 to 3
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Shear two-point correlation function 

(shear-2PCF)

Evolution of the matter distribution 

with redshift - Courtesy Sandrine Codis
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Ellipticities 
(ε1, ε2)

Redshifts (z)

Spectroscopic 

calibration

Observations

Estimator: peak counts

Numerical prediction 
• Shear calibration (m, c)

• Mean redshift (Δz)
• Intrinsic alignment (AIA)
• Baryons (B)

Systematic biases

Shear calibration

Image 
simulations
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N-body 
simulations

Martinet et al. 2018
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Ellipticities 
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Redshifts (z)
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calibration

Observations
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Numerical prediction 
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• Intrinsic alignment (AIA)
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Shear calibration

Image 
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N-body 
simulations

Peaks (KiDS-450)
CMB (Planck)

2PCF (KiDS-450)

Ωm

σ
8

Martinet et al. 2018

➢ First peaks and 2PCF combination 

(20% improvement)



EUCLID HIGHER ORDER WEAK LENSING 
STATISTICS (HOWLS)



• 12 cosmologies + SLICS
covariance

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

• Mass maps distributed to
community

• Fisher forecasts

• Data set released with
the paper

+ SLICS
Harnois-

Déraps+19

DUSTGRAIN
pathfinder

Giocoli+18
Ωm

σ8

w0

Set of HOWLS simulated mass maps

HOWLS community challenge



• 12 different statistics • 12 independent teams

• 24 data vectors

Summary statistics



• Every higher 
order statistic 
outperforms the 
shear-2PCF

Fisher 
forecasts

Euclid Collaboration XXVIII, NM et al. 2023



Ellipticities 
(ε1, ε2)

Redshifts (z)

Spectroscopic 

calibration

Observations

Estimator: Higher Order Weak Lensing Statistics (HOWLS)

Numerical prediction 
• Shear calibration (m, c)

• Mean redshift (Δz)
• Intrinsic alignment (AIA)
• Baryons (B)

Systematic biases

Shear calibration

Image 
simulations

24

N-body 
simulations

Euclid Collab. XXVIII, 2023



Towards a combination
Correlation matrix

Euclid Collaboration XXVIII, NM et al. 2023



PROBING DARK ENERGY WITH 
TOMOGRAPHY



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

• Constraints on S8 improved by 25%

• Tomography works better for 2-pt statistics than for peaks
27



Improving tomography

28Tomographic 2PCF (Hildebrandt et al. 2017) Tomographic mass map 

(before Martinet et al. 2021a)

• Only auto-correlations are used in the 

case of mass maps



Improving tomography

29Tomographic 2PCF (Hildebrandt et al. 2017) Tomographic mass map (Martinet et al. 2021a)
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Martinet et al. 2021a

N-body 
simulations Martinet et al. 2021b

Harnois-Déraps, 

Martinet et al. 2022

Harnois-Déraps, 

Martinet et al. 2021

• First combined forecasts on w0

• x3 improvement on w0 compared to 
2PCF alone



State of the art for peaks

31DES-Y3: Zürcher+22
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TOWARDS EUCLID DR1

Filippo Bouchè

(PhD)

Simone Vinciguerra 

(PhD)



Optimizing tomography

33

Castiblanco+24

Euclid Collaboration LXXXV: Vinciguerra, Bouchè, HOWLS et al. 2026



Mass mapping

34Euclid Collaboration LXXXV: Vinciguerra, Bouchè, HOWLS et al. 2026

Tersenov+25



HOWLS DR1 forecasts

35Euclid Collaboration LXXXV: Vinciguerra, Bouchè, HOWLS et al. 2026
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37

Summary & Challenges

• Euclid HOWLS team rocks!

• DR1 analysis ongoing; 2x better constraints 
than 2pt on S8 & w

• Systematic biases are still challenging

• Euclid Forward Modelling team for implicit 
likelihood (see Simone’s talk on Wed.)





Impact of baryons

39➢Baryons modify matter distribution on small scale

Impact on mass map statisticsImpact on the matter power spectrum

M2 Galaxies & Cosmology: Lensing - N. Martinet



Impact of baryons (Martinet et al. 2021b)

• Magneticum 
(www.magneticum.org) 
hydrodynamical 
simulations

• Few percent effect on S8… 
but can be controlled

• Problem of uncertainty in 
AGN feedback

Impact of baryons on mass map constraints with Euclid 

mocks (with tomography, 100 deg²)
40M2 Galaxies & Cosmology: Lensing - N. Martinet

http://www.magneticum.org/


Impact of IA (Harnois-Deraps, NM et al. 2022)

41

II

GI

From Joachimi et al. 2016

Intrinsic alignments (Hirata & Seljak 2004)



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

42

Amplitude of IA = 

new free parameter

tidal tensor

M2 Galaxies & Cosmology: Lensing - N. Martinet



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

43M2 Galaxies & Cosmology: Lensing - N. Martinet
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