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COSMOLOGY
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THE WEAK LENSING EFFECT

Observer Background galaxies
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Gravitational lens



FROM SHEAR TO CONVERGENCE MAPS
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Image distortions 
called shear

Projected dark matter distribution 
called convergence

Mass inversion

Observed region

�i =< ✏i >
<latexit sha1_base64="oeeRKzdHGe9StOt9dYlkwAiAvQU=">AAACBHicdVDLSsNAFJ3UV62vqMtuBovgKiS2qAWVohuXFewDmhAm00k7dCYJMxOhhC7c+CtuXCji1o9w5984aSuo6IELZ865l7n3BAmjUtn2h1FYWFxaXimultbWNza3zO2dtoxTgUkLxywW3QBJwmhEWooqRrqJIIgHjHSC0WXud26JkDSObtQ4IR5Hg4iGFCOlJd8suwPEOfIzOoFn8NQliaRMG/p97psV26rnOIIzUq1rYtccu1qFjmVPUQFzNH3z3e3HOOUkUpghKXuOnSgvQ0JRzMik5KaSJAiP0ID0NI0QJ9LLpkdM4L5W+jCMha5Iwan6fSJDXMoxD3QnR2oof3u5+JfXS1V44mU0SlJFIjz7KEwZVDHME4F9KghWbKwJwoLqXSEeIoGw0rmVdAhfl8L/SfvQcmzLua5VGhfzOIqgDPbAAXDAMWiAK9AELYDBHXgAT+DZuDcejRfjddZaMOYzu+AHjLdP+jiYUw==</latexit><latexit sha1_base64="oeeRKzdHGe9StOt9dYlkwAiAvQU=">AAACBHicdVDLSsNAFJ3UV62vqMtuBovgKiS2qAWVohuXFewDmhAm00k7dCYJMxOhhC7c+CtuXCji1o9w5984aSuo6IELZ865l7n3BAmjUtn2h1FYWFxaXimultbWNza3zO2dtoxTgUkLxywW3QBJwmhEWooqRrqJIIgHjHSC0WXud26JkDSObtQ4IR5Hg4iGFCOlJd8suwPEOfIzOoFn8NQliaRMG/p97psV26rnOIIzUq1rYtccu1qFjmVPUQFzNH3z3e3HOOUkUpghKXuOnSgvQ0JRzMik5KaSJAiP0ID0NI0QJ9LLpkdM4L5W+jCMha5Iwan6fSJDXMoxD3QnR2oof3u5+JfXS1V44mU0SlJFIjz7KEwZVDHME4F9KghWbKwJwoLqXSEeIoGw0rmVdAhfl8L/SfvQcmzLua5VGhfzOIqgDPbAAXDAMWiAK9AELYDBHXgAT+DZuDcejRfjddZaMOYzu+AHjLdP+jiYUw==</latexit><latexit sha1_base64="oeeRKzdHGe9StOt9dYlkwAiAvQU=">AAACBHicdVDLSsNAFJ3UV62vqMtuBovgKiS2qAWVohuXFewDmhAm00k7dCYJMxOhhC7c+CtuXCji1o9w5984aSuo6IELZ865l7n3BAmjUtn2h1FYWFxaXimultbWNza3zO2dtoxTgUkLxywW3QBJwmhEWooqRrqJIIgHjHSC0WXud26JkDSObtQ4IR5Hg4iGFCOlJd8suwPEOfIzOoFn8NQliaRMG/p97psV26rnOIIzUq1rYtccu1qFjmVPUQFzNH3z3e3HOOUkUpghKXuOnSgvQ0JRzMik5KaSJAiP0ID0NI0QJ9LLpkdM4L5W+jCMha5Iwan6fSJDXMoxD3QnR2oof3u5+JfXS1V44mU0SlJFIjz7KEwZVDHME4F9KghWbKwJwoLqXSEeIoGw0rmVdAhfl8L/SfvQcmzLua5VGhfzOIqgDPbAAXDAMWiAK9AELYDBHXgAT+DZuDcejRfjddZaMOYzu+AHjLdP+jiYUw==</latexit><latexit sha1_base64="oeeRKzdHGe9StOt9dYlkwAiAvQU=">AAACBHicdVDLSsNAFJ3UV62vqMtuBovgKiS2qAWVohuXFewDmhAm00k7dCYJMxOhhC7c+CtuXCji1o9w5984aSuo6IELZ865l7n3BAmjUtn2h1FYWFxaXimultbWNza3zO2dtoxTgUkLxywW3QBJwmhEWooqRrqJIIgHjHSC0WXud26JkDSObtQ4IR5Hg4iGFCOlJd8suwPEOfIzOoFn8NQliaRMG/p97psV26rnOIIzUq1rYtccu1qFjmVPUQFzNH3z3e3HOOUkUpghKXuOnSgvQ0JRzMik5KaSJAiP0ID0NI0QJ9LLpkdM4L5W+jCMha5Iwan6fSJDXMoxD3QnR2oof3u5+JfXS1V44mU0SlJFIjz7KEwZVDHME4F9KghWbKwJwoLqXSEeIoGw0rmVdAhfl8L/SfvQcmzLua5VGhfzOIqgDPbAAXDAMWiAK9AELYDBHXgAT+DZuDcejRfjddZaMOYzu+AHjLdP+jiYUw==</latexit>

✓
✏1
✏2

◆
=

1� �

1 + �

✓
cos 2�
sin 2�

◆

<latexit sha1_base64="duYCu6AgxeuEQ+NaX/rHe611HPo="></latexit><latexit sha1_base64="duYCu6AgxeuEQ+NaX/rHe611HPo="></latexit><latexit sha1_base64="duYCu6AgxeuEQ+NaX/rHe611HPo="></latexit><latexit sha1_base64="duYCu6AgxeuEQ+NaX/rHe611HPo="></latexit>

Sandrine Pires, April 12th,  2021



THE COSMOS SURVEY (HST)

Massey et al., Nature, 2007
Field of View = 1.64 deg2 [1 patch]

Galaxy density ≈ 67 gal/arcmin2

Telescope: Hubble Space Telescope

σ = 0.5 arcmin

Image: NASA
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THE CFHTLENS SURVEY

Van Waerbeke et al., MNRAS, 2013 

σ = 8.9 arcmin

Field of View = 154 deg2 [4 patches]
Galaxy density ≈ 12 gal/arcmin2

Telscope : CFHT
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RED-SEQUENCE CLUSTER LENSING SURVEY

Field of View = 785 deg2, [14 patches]
Galaxy density ≈ 5 gal/arcmin2

Telescope: CFHT

σ = 16 arcmin

H. Hildebrandt et al, MNRAS, 2016
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THE HYPER SUPRIME-CAM SURVEY (HSC)

Field of View = 167 deg2 [6 patches],
Galaxy density ≈ 25 gal/arcmin2

Telescope: Subaru

σ = 2 arcmin

M.Oguri et al, PASJ, 2018
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THE DARK ENERGY SURVEY (DES)

Field of View = 1500 deg2 [1 patch]
Galaxy density ≈ 5 gal/arcmin2

Telescope: Victor M. Blanco (Chile)

σ = 30 arcmin

C.Chang et al, MNRAS, 2018
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WEAK LENSING SURVEYS
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THE EUCLID MISSION

Euclid
is an ESA mission
European Space Agency
It is the second mission of 
the Cosmic Vision 
program
France has the scientific 
leadership of the 
experience. 

Telescope
Primary mirror diameter 1,20 m
Field of view : 0,5 deg2 (twice the 
apparent size of the full Moon)
Silica carbide structure (for its ultra 
stability).
Instruments
VIS, the visible photometer
NISP, the infra red spectro photometer 
[0,9 µm ; 2,0 µm].

Launch foreseen in 2023 from Kourou space 
base, by a Soyouz rocket

6-year mission around the Sun / Earth 
L2 Lagrange point,
A sky survey covering 15 000 deg2
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THE EUCLID MISSION

Euclid Consortium
more than 2000 members in 280 institutes in 18 countries.

Weak lensing
• Visible: Galaxy shape measurements in R+I+Z<24.5 (AB,10σ), 40 

resolved galaxies/amin2, median resdshift of 0.9
• NIR photometry: Y,J,H<24 (AB, 5σ PS), photometric redshifts

rms 003-0.05(1+z) with ground based complement

BAO
• Spectroscopic redshifts for 33% of all galaxies with H(AB)<22 

mag, σz<0.001
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EUCLID REFERENCE SURVEY

15
R. Scaramell et al.,  2021 (submitted)

σ ≤ 1 arcmin

Field of View ≈ 15000 deg2,
Galaxy density ≈ 30 gal/arcmin2
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WEAK LENSING DATA ANALYSIS
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WEAK LENSING DATA ANALYSIS

18

Kilbinger et al., MNRAS, 2013 [CFHTLenS]

Hikage et al., PASJ, 2019 [HSC]Sandrine Pires, April 12th,  2021

Hikage et al., PASJ, 2019 [HSC]



WEAK LENSING FIELD
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Teyssier, Pires et al, 2009

Full-sky convergence map derived from the Horizon simulation

Sandrine Pires, April 12th,  2021



HIGHER-ORDER STATISTICS
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Sandrine Pires, April 12th,  2021

𝜽 = 1 arcmin 𝜽 = 2 arcmin

𝜽 = 4 arcmin 𝜽 = 8 arcmin



CFHTLens results: J. Liu et al., PhRvD, 2015

PEAK COUNT STATISTIC

21

Vea Rubin forecast : Z. Li et al., PhRvD, 
2019

DES Y1 results:  J. Harnois-DerapsZ. Li et 
al., PhRvD, 2020



PEAK COUNT STATISTICS
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CFHTLens, J. Liu et al., PhRvD, 2015

Sandrine Pires, April 12th,  2021

Vera Rubin forecast : Z. Li et al., PhRvD, 
2019



PROBABILITY DISTRIBUTION STATISTIC
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Sandrine Pires, April 12th,  2021

Euclid forecast for 𝜃=1.5 arcmin: Martinet et al., 2021



WEAK LENSING MASS MAP RESOLUTION
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COSMOS Euclid/Vera Rubin/HSC

CFHTLens DES/RCSLens

Noiseless simulation

Sandrine Pires, April 12th,  2021

2°

2°



OUTLINE

o Introduction

o Weak lensing data analysis

o Weak lensing mass maps systematics

o Ongoing projects

25

Sandrine Pires, April 12th,  2021



WEAK LENSING MASS MAPS SYSTEMATICS

26

Image distortions 
called shear

Projected dark matter distribution 
called convergence

mass mapping

Missing data

Border effects

Noise effect

Reduced shear observable

Sandrine Pires, April 12th,  2021



EUCLID MASS MAPPING PIPELINE

o Standard kaiser and squires [Kaiser and squires 1993, KS]

o Improved Kaiser and squires [Pires et al., 2020,  KS+]

27

Sandrine Pires, April 12th,  2021



DEALING WITH MISSING DATA

28

Pires et al, 2020

Convergence map [KS+]

Kaiser and Squires, 93

Convergence map [KS]Shear first component Shear second component

Sandrine Pires, April 12th,  2021



DEALING WITH MISSING DATA
FIRST-ORDER STATISTICS
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KS residual errors KS+ residual errors PDF of residual errors

Sandrine Pires, April 12th,  2021



DEALING WITH MISSING DATA
SECOND-ORDER STATISTICS
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Shaded area represent 
the standard error on the 
mean estimated from 
1000° sq

Sandrine Pires, April 12th,  2021



DEALING WITH MISSING DATA
THIRD- AND FOURTH-ORDER MOMENTS

31

Sandrine Pires, April 12th,  2021



DEALING WITH BOUNDARY EFFECT DATA
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Pires et al, 2020

Convergence map [KS+]

Kaiser and Squires, 93

Convergence map [KS]Shear first component Shear second component

Sandrine Pires, April 12th,  2021



DEALING WITH BOUNDARY EFFECT
FIRST-ORDER STATISTICS
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KS residual errors KS+ residual errors

Sandrine Pires, April 12th,  2021



DEALING WITH BOUNDARY EFFECT
SECOND-ORDER STATISTICS
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Shaded area represent 
the standard error on the 
mean estimated from 
1000° sq

Sandrine Pires, April 12th,  2021



DEALING WITH BOUNDARY EFFECTS
THIRD- AND FOURTH-ORDER MOMENTS
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Sandrine Pires, April 12th,  2021



DEALING WITH NOISE
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Without noise With noise

Sandrine Pires, April 12th,  2021



DEALING WITH NOISE
SECOND-ORDER STATISTICS
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Shaded area represent 
the standard error on the 
mean estimated from 
1000° sq

Sandrine Pires, April 12th,  2021



DEALING WITH NOISE 
THIRD- AND FOURTH-ORDER MOMENTS
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Sandrine Pires, April 12th,  2021



DEALING WITH ALL SYSTEMATIC EFFECTS
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Shaded area represent 
the standard error on the 
mean estimated from 
1000° sq

Sandrine Pires, April 12th,  2021



DEALING WITH ALL SYSTEMATIC EFFECTS
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Sandrine Pires, April 12th,  2021



OUTLINE

o Introduction

o Weak lensing data analysis

o Weak lensing mass maps systematics

o Ongoing projects
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HOWL’S PROJECT
HIGHER-ORDER WEAK LENSING STATISTICS

Going higher than 2nd order to break parameters degeneracies

o Check for correlations among probes and with 2nd order statistic

o Compare different mass inversion methods to find the best strategy

o Quantify the impact of systematics in self consistent way

o Compare different HOS to find the best strategy

42

On behalf of the Howl’s project members

Euclid Collaborative project to compare different higher-order estimators 
based on the same set of reconstructed convergence maps.

Sandrine Pires, April 12th,  2021

Coordinators: N. Martinet, S. Pires, V. Cardone,. Tereno, Carlo Giocoli, M. Baldi



HOWL’S PROJECT
STEP 3 [ANALYSIS IN PROGRESS]

43

On behalf of the Howl’s project membersSandrine Pires, April 12th,  2021

LCDM cosmologies with 4% and 16% variations of 
the parameters ΩM, σ8, and w0

Euclid-like systematics:
- Mask
- Redshift distribution
- Noise
- Mass mapping pipeline 

KS and KS+

14 different data vectors
9 different statistics



HOWL’S PROJECT
STEP 3 [ANALYSIS IN PROGRESS]
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On behalf of the Howl’s project members

2PCF Peaks

Euclid Key Project



WEAK LENSING CLUSTER DETECTION

45Standard approach Multiscale approach

Application on the  HSC data - XMM patch of 20° squared degree

Miyazaki et al, 2018 Leroy et al

Contributors: G. Leroy, S. Pires, G. Pratt, M. Arnaud



CONCLUSION

o Second-order statistics are not sufficient to constrain the weak lensing field

o The non-Gaussian information is easier to extract from the convergence maps

o The convergence maps contain the same infomation than the shear maps

o Mass Mapping Systematic effects can be controlled during the mass inversion

o The convergence maps are a very promising tool

46

Sandrine Pires, April 12th,  2021



THANK YOU FOR YOUR ATTENTION
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WL CLUSTER MASS ESTIMATION

48
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HOWL’S PROJECT
STEP 1 [NOVEMBER 2018] / STEP 2 [JUNE 2019]

Conclusions STEP1:

o High correlation between
statistics

o Importance of the filtering
(Gaussian vs wavelet/Mass 
Aperture)

49

On behalf of the Howl’s project membersSandrine Pires, April 12th,  2021

Conclusions STEP2:

o Importance of the 
redshift distribution

o Importance of the 
choice of the points in 
parameter space



DEALING WITH REDUCED SHEAR

50

Sandrine Pires, April 12th,  2021

Reduced shear:

o KS mass inversion:

Cluster of galaxies

o KS+ mass inversion (iterative scheme):

̂ = P̂ ⇤�̂
<latexit sha1_base64="M9AEIl51oAc73UZ5VGVLLFjg3G0=">AAACC3icbZDLSgMxFIbP1Futt6pLN6FFEBdlRgTdiEU3LivYC3RqOZOmbWgyMyQZoZTu3fgqblwo4tYXcOdb+AimUxfa+kPgy3/OITl/EAuujet+OpmFxaXllexqbm19Y3Mrv71T01GiKKvSSESqEaBmgoesargRrBErhjIQrB4MLif1+h1TmkfhjRnGrCWxF/Iup2is1c4X/D4a4g8wjpGckfRWuT2cgt9DKbGdL7olNxWZB+8HiudfkKrSzn/4nYgmkoWGCtS66bmxaY1QGU4FG+f8RLMY6QB7rGkxRMl0a5TuMib71umQbqTsCQ1J3d8TI5RaD2VgOyWavp6tTcz/as3EdE9bIx7GiWEhnT7UTQQxEZkEQzpcMWrE0AJSxe1fCe2jQmpsfDkbgje78jzUjkqeW/Kuj4vli2kakIU9KMABeHACZbiCClSBwj08wjO8OA/Ok/PqvE1bM87PzC78kfP+DRGRmpY=</latexit><latexit sha1_base64="M9AEIl51oAc73UZ5VGVLLFjg3G0=">AAACC3icbZDLSgMxFIbP1Futt6pLN6FFEBdlRgTdiEU3LivYC3RqOZOmbWgyMyQZoZTu3fgqblwo4tYXcOdb+AimUxfa+kPgy3/OITl/EAuujet+OpmFxaXllexqbm19Y3Mrv71T01GiKKvSSESqEaBmgoesargRrBErhjIQrB4MLif1+h1TmkfhjRnGrCWxF/Iup2is1c4X/D4a4g8wjpGckfRWuT2cgt9DKbGdL7olNxWZB+8HiudfkKrSzn/4nYgmkoWGCtS66bmxaY1QGU4FG+f8RLMY6QB7rGkxRMl0a5TuMib71umQbqTsCQ1J3d8TI5RaD2VgOyWavp6tTcz/as3EdE9bIx7GiWEhnT7UTQQxEZkEQzpcMWrE0AJSxe1fCe2jQmpsfDkbgje78jzUjkqeW/Kuj4vli2kakIU9KMABeHACZbiCClSBwj08wjO8OA/Ok/PqvE1bM87PzC78kfP+DRGRmpY=</latexit><latexit sha1_base64="M9AEIl51oAc73UZ5VGVLLFjg3G0=">AAACC3icbZDLSgMxFIbP1Futt6pLN6FFEBdlRgTdiEU3LivYC3RqOZOmbWgyMyQZoZTu3fgqblwo4tYXcOdb+AimUxfa+kPgy3/OITl/EAuujet+OpmFxaXllexqbm19Y3Mrv71T01GiKKvSSESqEaBmgoesargRrBErhjIQrB4MLif1+h1TmkfhjRnGrCWxF/Iup2is1c4X/D4a4g8wjpGckfRWuT2cgt9DKbGdL7olNxWZB+8HiudfkKrSzn/4nYgmkoWGCtS66bmxaY1QGU4FG+f8RLMY6QB7rGkxRMl0a5TuMib71umQbqTsCQ1J3d8TI5RaD2VgOyWavp6tTcz/as3EdE9bIx7GiWEhnT7UTQQxEZkEQzpcMWrE0AJSxe1fCe2jQmpsfDkbgje78jzUjkqeW/Kuj4vli2kakIU9KMABeHACZbiCClSBwj08wjO8OA/Ok/PqvE1bM87PzC78kfP+DRGRmpY=</latexit><latexit sha1_base64="dOhLN1PNh2mXAbyx3LbY8c07qrg=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEcVESEXQjFN24rGAv0MRyMp20Q2eSMDMRSujeja/ixoUibn0Bd76N0zQLbf1h4Jv/nMPM+YOEM6Ud59taWl5ZXVsvbZQ3t7Z3du29/ZaKU0lok8Q8lp0AFOUsok3NNKedRFIQAaftYHQ9rbcfqFQsju70OKG+gEHEQkZAG6tnV7whaOyNIEkAX+L81rg/mYE3ACGgZ1edmpMLL4JbQBUVavTsL68fk1TQSBMOSnVdJ9F+BlIzwumk7KWKJkBGMKBdgxEIqvws32WCj4zTx2EszYk0zt3fExkIpcYiMJ0C9FDN16bmf7VuqsMLP2NRkmoakdlDYcqxjvE0GNxnkhLNxwaASGb+iskQJBBt4iubENz5lRehdVpznZp7e1atXxVxlNAhqqBj5KJzVEc3qIGaiKBH9Ixe0Zv1ZL1Y79bHrHXJKmYO0B9Znz92f5ln</latexit>

�i+1 = �i ⇤ (1� i)
<latexit sha1_base64="iZnZ/Z4LjCELy254BAIeRNy1vQw=">AAACInicbZDJSgNBEIZrXGPcRj16aQyCC4YZEdSDGPTiMYJRIRNCTaeTNOmeGbp7hDDkWbz4Kl48KOpJ8CF8BDsLuP7Q8PNVFdX1h4ng2njemzM2PjE5NZ2byc/OzS8sukvLlzpOFWUVGotYXYeomeARqxhuBLtOFEMZCnYVdk779asbpjSPowvTTVhNYiviTU7RWFR3D4MWSon1LFAy49t+r0eOyA9myRbZ8HeCDibJF9ysuwWv6A1E/hp/ZArHHzBQue6+BI2YppJFhgrUuup7iallqAyngvXyQapZgrSDLVa1NkLJdC0bnNgj65Y0SDNW9kWGDOj3iQyl1l0Z2k6Jpq1/1/rwv1o1Nc2DWsajJDUsosNFzVQQE5N+XqTBFaNGdK1Bqrj9K6FtVEiNTTVvQ/B/n/zXXO4Wfa/on+8VSifDNCAHq7AGG+DDPpTgDMpQAQq3cA+P8OTcOQ/Os/M6bB1zRjMr8EPO+ydyraUG</latexit><latexit sha1_base64="iZnZ/Z4LjCELy254BAIeRNy1vQw=">AAACInicbZDJSgNBEIZrXGPcRj16aQyCC4YZEdSDGPTiMYJRIRNCTaeTNOmeGbp7hDDkWbz4Kl48KOpJ8CF8BDsLuP7Q8PNVFdX1h4ng2njemzM2PjE5NZ2byc/OzS8sukvLlzpOFWUVGotYXYeomeARqxhuBLtOFEMZCnYVdk779asbpjSPowvTTVhNYiviTU7RWFR3D4MWSon1LFAy49t+r0eOyA9myRbZ8HeCDibJF9ysuwWv6A1E/hp/ZArHHzBQue6+BI2YppJFhgrUuup7iallqAyngvXyQapZgrSDLVa1NkLJdC0bnNgj65Y0SDNW9kWGDOj3iQyl1l0Z2k6Jpq1/1/rwv1o1Nc2DWsajJDUsosNFzVQQE5N+XqTBFaNGdK1Bqrj9K6FtVEiNTTVvQ/B/n/zXXO4Wfa/on+8VSifDNCAHq7AGG+DDPpTgDMpQAQq3cA+P8OTcOQ/Os/M6bB1zRjMr8EPO+ydyraUG</latexit><latexit sha1_base64="iZnZ/Z4LjCELy254BAIeRNy1vQw=">AAACInicbZDJSgNBEIZrXGPcRj16aQyCC4YZEdSDGPTiMYJRIRNCTaeTNOmeGbp7hDDkWbz4Kl48KOpJ8CF8BDsLuP7Q8PNVFdX1h4ng2njemzM2PjE5NZ2byc/OzS8sukvLlzpOFWUVGotYXYeomeARqxhuBLtOFEMZCnYVdk779asbpjSPowvTTVhNYiviTU7RWFR3D4MWSon1LFAy49t+r0eOyA9myRbZ8HeCDibJF9ysuwWv6A1E/hp/ZArHHzBQue6+BI2YppJFhgrUuup7iallqAyngvXyQapZgrSDLVa1NkLJdC0bnNgj65Y0SDNW9kWGDOj3iQyl1l0Z2k6Jpq1/1/rwv1o1Nc2DWsajJDUsosNFzVQQE5N+XqTBFaNGdK1Bqrj9K6FtVEiNTTVvQ/B/n/zXXO4Wfa/on+8VSifDNCAHq7AGG+DDPpTgDMpQAQq3cA+P8OTcOQ/Os/M6bB1zRjMr8EPO+ydyraUG</latexit><latexit sha1_base64="nVWkeoUIthAyJJq93tJHK7bCalo=">AAACInicbZDLSgMxFIYz9VbrrerSTbAIVbHMiKAuhKIblxXsBTpDOZOmbWgyMyQZoQx9Fje+ihsXiroSfBjTdkDb+kPg5zvncHJ+P+JMadv+sjILi0vLK9nV3Nr6xuZWfnunpsJYElolIQ9lwwdFOQtoVTPNaSOSFITPad3v34zq9QcqFQuDez2IqCegG7AOI6ANauUv3S4IAa3ElSJhx85wiK/wFDPkCBedE7cPUfQLD1v5gl2yx8LzxklNAaWqtPIfbjsksaCBJhyUajp2pL0EpGaE02HOjRWNgPShS5vGBiCo8pLxiUN8YEgbd0JpXqDxmP6dSEAoNRC+6RSge2q2NoL/1Zqx7lx4CQuiWNOATBZ1Yo51iEd54TaTlGg+MAaIZOavmPRAAtEm1ZwJwZk9ed7UTkuOXXLuzgrl6zSOLNpD+6iIHHSOyugWVVAVEfSIntErerOerBfr3fqctGasdGYXTcn6/gHXm6PX</latexit>

̂i = P̂ ⇤�̂i
<latexit sha1_base64="a2TbtRFISq/EO0MxBfmuGan9cqE=">AAACHnicbZDPSgMxEMZn6//6r+rRS7AI4qHsiqIXUfTisYJthW4ts2nahia7S5IVytIn8eKrePGgiOBJ38JHMN32UK0DgR/fN8NkviAWXBvX/XJyM7Nz8wuLS/nlldW19cLGZlVHiaKsQiMRqdsANRM8ZBXDjWC3sWIoA8FqQe9y6NfumdI8Cm9MP2YNiZ2QtzlFY6Vm4cjvoiF+D+MYm6mvZMoHA3JKMrl8tz8Cv4NSTvjNQtEtuVmRafDGUDz7hqzKzcKH34poIlloqECt654bm0aKynAq2CDvJ5rFSHvYYXWLIUqmG2l23oDsWqVF2pGyLzQkUycnUpRa92VgOyWarv7rDcX/vHpi2ieNlIdxYlhIR4vaiSAmIsOsSIsrRo3oW0CquP0roV1USI1NNG9D8P6ePA3Vg5Lnlrzrw+L5xSgNWIRt2IE98OAYzuEKylABCg/wBC/w6jw6z86b8z5qzTnjmS34Vc7nDzzso1o=</latexit><latexit sha1_base64="a2TbtRFISq/EO0MxBfmuGan9cqE=">AAACHnicbZDPSgMxEMZn6//6r+rRS7AI4qHsiqIXUfTisYJthW4ts2nahia7S5IVytIn8eKrePGgiOBJ38JHMN32UK0DgR/fN8NkviAWXBvX/XJyM7Nz8wuLS/nlldW19cLGZlVHiaKsQiMRqdsANRM8ZBXDjWC3sWIoA8FqQe9y6NfumdI8Cm9MP2YNiZ2QtzlFY6Vm4cjvoiF+D+MYm6mvZMoHA3JKMrl8tz8Cv4NSTvjNQtEtuVmRafDGUDz7hqzKzcKH34poIlloqECt654bm0aKynAq2CDvJ5rFSHvYYXWLIUqmG2l23oDsWqVF2pGyLzQkUycnUpRa92VgOyWarv7rDcX/vHpi2ieNlIdxYlhIR4vaiSAmIsOsSIsrRo3oW0CquP0roV1USI1NNG9D8P6ePA3Vg5Lnlrzrw+L5xSgNWIRt2IE98OAYzuEKylABCg/wBC/w6jw6z86b8z5qzTnjmS34Vc7nDzzso1o=</latexit><latexit sha1_base64="a2TbtRFISq/EO0MxBfmuGan9cqE=">AAACHnicbZDPSgMxEMZn6//6r+rRS7AI4qHsiqIXUfTisYJthW4ts2nahia7S5IVytIn8eKrePGgiOBJ38JHMN32UK0DgR/fN8NkviAWXBvX/XJyM7Nz8wuLS/nlldW19cLGZlVHiaKsQiMRqdsANRM8ZBXDjWC3sWIoA8FqQe9y6NfumdI8Cm9MP2YNiZ2QtzlFY6Vm4cjvoiF+D+MYm6mvZMoHA3JKMrl8tz8Cv4NSTvjNQtEtuVmRafDGUDz7hqzKzcKH34poIlloqECt654bm0aKynAq2CDvJ5rFSHvYYXWLIUqmG2l23oDsWqVF2pGyLzQkUycnUpRa92VgOyWarv7rDcX/vHpi2ieNlIdxYlhIR4vaiSAmIsOsSIsrRo3oW0CquP0roV1USI1NNG9D8P6ePA3Vg5Lnlrzrw+L5xSgNWIRt2IE98OAYzuEKylABCg/wBC/w6jw6z86b8z5qzTnjmS34Vc7nDzzso1o=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Dt8fyTWOAgN9Kv8KH6EvC30z2Q4=">AAACE3icbZBLSwMxFIXv1FetVatbN8EiiIsyI4huBMGNywr2AZ1xuJOmbWgyMyQZoQz9JW78K25cKCK489+YPha19UDg45yEm3uiVHBtXPfHKaytb2xuFbdLO+Xdvf3KQbmpk0xR1qCJSFQ7Qs0Ej1nDcCNYO1UMZSRYKxreTvLWE1OaJ/GDGaUskNiPeY9TNNYKKxf+AA3xh5imGOa+kjkfj8k1mdr1x7MZ+H2UciEPK1W35k5FVsGbQxXmqoeVb7+b0Eyy2FCBWnc8NzVBjspwKti45GeapUiH2GcdizFKpoN8ut6YnFinS3qJsic2ZOouvshRaj2Skb0p0Qz0cjYx/8s6meldBTmP08ywmM4G9TJBTEImXZEuV4waMbKAVHH7V0IHqJAa22jJluAtr7wKzfOa59a8exeKcATHcAoeXMIN3EEdGkDhGV7hHT6cF+fN+ZzVVXDmvR3CHzlfv63UoKI=</latexit><latexit sha1_base64="Dt8fyTWOAgN9Kv8KH6EvC30z2Q4=">AAACE3icbZBLSwMxFIXv1FetVatbN8EiiIsyI4huBMGNywr2AZ1xuJOmbWgyMyQZoQz9JW78K25cKCK489+YPha19UDg45yEm3uiVHBtXPfHKaytb2xuFbdLO+Xdvf3KQbmpk0xR1qCJSFQ7Qs0Ej1nDcCNYO1UMZSRYKxreTvLWE1OaJ/GDGaUskNiPeY9TNNYKKxf+AA3xh5imGOa+kjkfj8k1mdr1x7MZ+H2UciEPK1W35k5FVsGbQxXmqoeVb7+b0Eyy2FCBWnc8NzVBjspwKti45GeapUiH2GcdizFKpoN8ut6YnFinS3qJsic2ZOouvshRaj2Skb0p0Qz0cjYx/8s6meldBTmP08ywmM4G9TJBTEImXZEuV4waMbKAVHH7V0IHqJAa22jJluAtr7wKzfOa59a8exeKcATHcAoeXMIN3EEdGkDhGV7hHT6cF+fN+ZzVVXDmvR3CHzlfv63UoKI=</latexit><latexit sha1_base64="vLV/ufppeJvNhrPv5dKLzSfQ9sg=">AAACHnicbZDLSgMxFIYzXmu9VV26CRZBXJQZQXQjFN24rGAv0KnlTJppQ5OZkGSEMsyTuPFV3LhQRHClb2PazqK2Hgh8/P85nJw/kJxp47o/ztLyyuraemGjuLm1vbNb2ttv6DhRhNZJzGPVCkBTziJaN8xw2pKKggg4bQbDm7HffKRKszi6NyNJOwL6EQsZAWOlbuncH4DB/hCkhG7qK5GyLMNXeCLXHk6n4PdBiBm/Wyq7FXdSeBG8HMoor1q39OX3YpIIGhnCQeu250rTSUEZRjjNin6iqQQyhD5tW4xAUN1JJ+dl+NgqPRzGyr7I4Ik6O5GC0HokAtspwAz0vDcW//PaiQkvOymLZGJoRKaLwoRjE+NxVrjHFCWGjywAUcz+FZMBKCDGJlq0IXjzJy9C46ziuRXvzi1Xr/M4CugQHaET5KELVEW3qIbqiKAn9ILe0Lvz7Lw6H87ntHXJyWcO0J9yvn8BoJqiJw==</latexit><latexit sha1_base64="qF+6iConzl0O+1n4skjoC7h/4sc=">AAACHnicbZDLSgMxFIYz9VbrrerSTbAI4qLMiKIboejGZQV7gU4dzqSZNjTJDElGKEOfxI2v4saFIoIrfRvTy6K2Hgh8/P85nJw/TDjTxnV/nNzS8srqWn69sLG5tb1T3N2r6zhVhNZIzGPVDEFTziStGWY4bSaKggg5bYT9m5HfeKRKs1jem0FC2wK6kkWMgLFSUDz3e2Cw34ckgSDzlcjYcIiv8FiuPpxMwO+CEDN+UCy5ZXdceBG8KZTQtKpB8cvvxCQVVBrCQeuW5yamnYEyjHA6LPippgmQPnRpy6IEQXU7G583xEdW6eAoVvZJg8fq7EQGQuuBCG2nANPT895I/M9rpSa6bGdMJqmhkkwWRSnHJsajrHCHKUoMH1gAopj9KyY9UECMTbRgQ/DmT16E+mnZc8ve3Vmpcj2NI48O0CE6Rh66QBV0i6qohgh6Qi/oDb07z86r8+F8TlpzznRmH/0p5/sXodqiKw==</latexit><latexit sha1_base64="a2TbtRFISq/EO0MxBfmuGan9cqE=">AAACHnicbZDPSgMxEMZn6//6r+rRS7AI4qHsiqIXUfTisYJthW4ts2nahia7S5IVytIn8eKrePGgiOBJ38JHMN32UK0DgR/fN8NkviAWXBvX/XJyM7Nz8wuLS/nlldW19cLGZlVHiaKsQiMRqdsANRM8ZBXDjWC3sWIoA8FqQe9y6NfumdI8Cm9MP2YNiZ2QtzlFY6Vm4cjvoiF+D+MYm6mvZMoHA3JKMrl8tz8Cv4NSTvjNQtEtuVmRafDGUDz7hqzKzcKH34poIlloqECt654bm0aKynAq2CDvJ5rFSHvYYXWLIUqmG2l23oDsWqVF2pGyLzQkUycnUpRa92VgOyWarv7rDcX/vHpi2ieNlIdxYlhIR4vaiSAmIsOsSIsrRo3oW0CquP0roV1USI1NNG9D8P6ePA3Vg5Lnlrzrw+L5xSgNWIRt2IE98OAYzuEKylABCg/wBC/w6jw6z86b8z5qzTnjmS34Vc7nDzzso1o=</latexit><latexit sha1_base64="a2TbtRFISq/EO0MxBfmuGan9cqE=">AAACHnicbZDPSgMxEMZn6//6r+rRS7AI4qHsiqIXUfTisYJthW4ts2nahia7S5IVytIn8eKrePGgiOBJ38JHMN32UK0DgR/fN8NkviAWXBvX/XJyM7Nz8wuLS/nlldW19cLGZlVHiaKsQiMRqdsANRM8ZBXDjWC3sWIoA8FqQe9y6NfumdI8Cm9MP2YNiZ2QtzlFY6Vm4cjvoiF+D+MYm6mvZMoHA3JKMrl8tz8Cv4NSTvjNQtEtuVmRafDGUDz7hqzKzcKH34poIlloqECt654bm0aKynAq2CDvJ5rFSHvYYXWLIUqmG2l23oDsWqVF2pGyLzQkUycnUpRa92VgOyWarv7rDcX/vHpi2ieNlIdxYlhIR4vaiSAmIsOsSIsrRo3oW0CquP0roV1USI1NNG9D8P6ePA3Vg5Lnlrzrw+L5xSgNWIRt2IE98OAYzuEKylABCg/wBC/w6jw6z86b8z5qzTnjmS34Vc7nDzzso1o=</latexit><latexit sha1_base64="a2TbtRFISq/EO0MxBfmuGan9cqE=">AAACHnicbZDPSgMxEMZn6//6r+rRS7AI4qHsiqIXUfTisYJthW4ts2nahia7S5IVytIn8eKrePGgiOBJ38JHMN32UK0DgR/fN8NkviAWXBvX/XJyM7Nz8wuLS/nlldW19cLGZlVHiaKsQiMRqdsANRM8ZBXDjWC3sWIoA8FqQe9y6NfumdI8Cm9MP2YNiZ2QtzlFY6Vm4cjvoiF+D+MYm6mvZMoHA3JKMrl8tz8Cv4NSTvjNQtEtuVmRafDGUDz7hqzKzcKH34poIlloqECt654bm0aKynAq2CDvJ5rFSHvYYXWLIUqmG2l23oDsWqVF2pGyLzQkUycnUpRa92VgOyWarv7rDcX/vHpi2ieNlIdxYlhIR4vaiSAmIsOsSIsrRo3oW0CquP0roV1USI1NNG9D8P6ePA3Vg5Lnlrzrw+L5xSgNWIRt2IE98OAYzuEKylABCg/wBC/w6jw6z86b8z5qzTnjmS34Vc7nDzzso1o=</latexit><latexit sha1_base64="a2TbtRFISq/EO0MxBfmuGan9cqE=">AAACHnicbZDPSgMxEMZn6//6r+rRS7AI4qHsiqIXUfTisYJthW4ts2nahia7S5IVytIn8eKrePGgiOBJ38JHMN32UK0DgR/fN8NkviAWXBvX/XJyM7Nz8wuLS/nlldW19cLGZlVHiaKsQiMRqdsANRM8ZBXDjWC3sWIoA8FqQe9y6NfumdI8Cm9MP2YNiZ2QtzlFY6Vm4cjvoiF+D+MYm6mvZMoHA3JKMrl8tz8Cv4NSTvjNQtEtuVmRafDGUDz7hqzKzcKH34poIlloqECt654bm0aKynAq2CDvJ5rFSHvYYXWLIUqmG2l23oDsWqVF2pGyLzQkUycnUpRa92VgOyWarv7rDcX/vHpi2ieNlIdxYlhIR4vaiSAmIsOsSIsrRo3oW0CquP0roV1USI1NNG9D8P6ePA3Vg5Lnlrzrw+L5xSgNWIRt2IE98OAYzuEKylABCg/wBC/w6jw6z86b8z5qzTnjmS34Vc7nDzzso1o=</latexit><latexit sha1_base64="qF+6iConzl0O+1n4skjoC7h/4sc=">AAACHnicbZDLSgMxFIYz9VbrrerSTbAI4qLMiKIboejGZQV7gU4dzqSZNjTJDElGKEOfxI2v4saFIoIrfRvTy6K2Hgh8/P85nJw/TDjTxnV/nNzS8srqWn69sLG5tb1T3N2r6zhVhNZIzGPVDEFTziStGWY4bSaKggg5bYT9m5HfeKRKs1jem0FC2wK6kkWMgLFSUDz3e2Cw34ckgSDzlcjYcIiv8FiuPpxMwO+CEDN+UCy5ZXdceBG8KZTQtKpB8cvvxCQVVBrCQeuW5yamnYEyjHA6LPippgmQPnRpy6IEQXU7G583xEdW6eAoVvZJg8fq7EQGQuuBCG2nANPT895I/M9rpSa6bGdMJqmhkkwWRSnHJsajrHCHKUoMH1gAopj9KyY9UECMTbRgQ/DmT16E+mnZc8ve3Vmpcj2NI48O0CE6Rh66QBV0i6qohgh6Qi/oDb07z86r8+F8TlpzznRmH/0p5/sXodqiKw==</latexit>

using



PRE-LAUNCH KPS RELATED TO HOWLS

o KP-WL-3: Higher-order statistics preparation (coordinators: Ismael, Vincenzo)
This KP is related to the work carried out inside the WL-SWG through the Howl’s project (Higher-
Order Weak Lensing Statistics), based on both theoretical investigations and simulated data. The 
aim of the project is to describe the preparatory work on using WL Higher Order Statistics (HOS) 
as a way to improve the FoM from weak lensing data. It involves the implementation and testing 
of different estimators, which are applied to the same set of reconstructed mass maps, as to 
identify the best strategy for constraining cosmological parameters.

Paper 1: Comparison of the different HOS (Fisher forecasts from step 3)
Paper 2: Cosmological constraints from HOS (Emulator)

o KP-WL-4: Mass-mapping preparation (coordinators: Sandrine, Nicolas)
The aim of this project is to describe the preparatory work ongoing in the Mass Mapping WP to 
use mass maps for cosmological studies. These analyses will rely on simulated data.

Paper 1: Optimize the mass mapping methods for HOS studies (KS vs. KS+, masks; also base on 
HOWLS)
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EUCLID REFERENCE SURVEY

52R. Scaramell et al.,  2021 (submitted)

σ ≤ 1 arcmin

Field of View ≈ 15000 deg2,
Galaxy density ≈ 30 gal/arcmin2

Sandrine Pires, April 12th,  2021



EUCLID SPECIFICATIONS

53Ref: Euclid RB Laureijs et al arXiv: 1110.3193 Weak Lensing Galaxy Clustering


