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1. Introduction

Weak lensing image simulations are needed to:

1) Calibrate shape measurement methods

2) Verify their accuracy & correct for residual biases if needed 

Need to make sure that:

• The simulations resemble the real data with sufficient accuracy

• What does “sufficient accuracy” mean?

• Depends on the sensitivity of the biases of a particular shape 
measurement on the details of the simulation → Needs to be measured

• Useful: Introduce metrics that compare the statistical properties of the 
simulation and the sky data, or try to emulate existing sky data 



                       KiDS Emulation

From Kannawadi et al. (2019), emulating KiDS-like observations of the COSMOS field based on 
HST galaxy measurements



2. Overview Euclid OU-SHE shape measurement 
methods

Shape measurement methods currently developed by OU-SHE:

1) lensMC (UK-led: Giuseppe Congedo, Niraj Welikala)

2) MomentsML (DE-led: Malte Tewes)

3) Bayesian Fourier Domain (BFD) method (US-led: Kathleen 
  Eckert, Gary Bernstein)

For Euclid we need to reach an accuracy one order of magnitude 
higher than current WL surveys:

• Originally had to go back to the drawing board

• Continuous method evaluation → Changed from FDNT to MomentsML

• Aided by WL-SWG efforts (e.g. test of MetaCal for Euclid) 
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Simplified Euclid-like simulations



Tests with Great3 simulations
• C: GREAT3 Control branch 

(2 Sersic profiles)

• R: Realistic galaxy shapes 
from HST postage stamps

• f: Fiducial set (1 Sersic)

• S: Space-based resolution

• G: Ground-based resolution

• Training with simple single-
Sersic galaxies

• Recovery close to 
requirements 
→ Low sensitivity to exact 
galaxy properties!

• Larger simulations needed 
to really test against 
requirements 





3. Using HST data for the Euclid shape 
calibration

• Higher resolution: 0.1” compared to 0.2” for Euclid
• Multiple filters → Spatially resolved colours
• Deeper than Euclid-Wide, but much smaller sky coverage 

Use HST images of galaxies that are representative for the 
galaxies observed by Euclid to…

• Account for the impact of colour gradients → Presentation by 
Xinzong Er 

• Use HST galaxies as input for Euclid image simulations (galsim)
• Obtain priors for distributions of galaxy shape parameters (will 

be updated using Euclid-Deep data)
• Study the impact of galaxies beyond the Euclid detection limit 

on Euclid shape measurements



Galaxy shape distribution

Schrabback, Applegate et al. 2018, 
MNRAS 474, 2635

• Measurement of the 
intrinsic galaxy 
ellipticity dispersion 
based on our initial 
reduction of CANDELS 
V606W+F814W images

• For the first time 
showed that this is 
clearly magnitude and 
band-pass dependent



Derive a statistical correction for shape 
measurement biases induced by colour 
gradients

Er, Hoekstra, Schrabback, et al. 2018, 
MNRAS, 476, 5645 

Galaxy
PSF

● Need a correction as function of redshift and galaxy properties 
● Plan to revise the analysis using more & deeper HST stacks (pipeline updates 

ongoing, lead: Marggraf) & actual Euclid shape measurement techniques
● Will obtain missing requirement flow down (SWG) via

funding from the EU H2020 EWC programme (PI: Kitching) 



Using HST images as galsim input

• Need to degrade from HST to target (Euclid) resolution. In addition: 
galaxies need to be sheared! Does not commute! 

• First deconvolve for the HST PSF, then shear, then convolve to the target 
PSF size

• Works well if the target resolution is significantly worse than the input
• Has been pioneered by R. Mandelbaum in SHERA and further developed 

in galsim (Rowe et al. 2015)

• Things to keep in mind:
● Shearing leads to correlated noise → Add anticorrelated noise to whiten 

the total noise→ Final image will be more noisy
● Need to properly account for neighbours, e.g. perform object detection 

and selection with correct resolution to identify the HST pixels 
belonging to one “galaxy” defined at lower resolution (see e.g. 
Mandelbaum et al. 2018)  

● Need a good HST PSF model



MNRAS submitted



Gillis et al., MNRAS submitted



 4. Impact of faint galaxies







 4. Impact of faint galaxies

Hoekstra et al. 2017, MNRAS 468, 3295

Without clustering

• Bias exceeds Euclid requirements by 
almost an order of magnitude if ignored

• Clearly method dependent

• Simplified faint source clustering now 
incorporated into SC456

• Need to study galaxies at least to 
VIS~27. → More HST data+Euclid-Deep





5. Simulating cluster fields

• Cluster fields experience stronger shear and increased blending

• Relevant for cluster science and also contributes to cosmic shear

• Need to properly account for these effects 

• Initial study done by Beatriz Hernandez Martin for our KSB+ 
implementation



Hernandez Martin et al., in prep.



Hernandez Martin et al., in prep.



6. OU-SIM simulations
• Extensive simulation efforts within the Euclid OU-SIM

• Simulating Euclid+ground-based observations in all bands, using mock 
catalogs from the Euclid flagship simulations as input

• Based on galsim, currently using parametric galaxy models

• Including simulation of instrument effects and defects (e.g. hot pixels, 
cosmic rays, ghosts, etc.)

• Euclid pipeline is run on these simulations. Should provide residuals, 
whose impact on shape measurements needs to be calibrated.

https://sci.esa.int/web/euclid/-/59348-euclid-flagship-mock-galaxy-catalogue

https://sci.esa.int/web/euclid/-/59348-euclid-flagship-mock-galaxy-catalogue


7. Summary

• Weak lensing simulations are essential in order to train and calibrate 
shape measurement methods

• The simulations must provide a good approximation of the truth, thus it is 
useful to base the inputs on real observations, either directly using HST 
images as input or trying to emulate HST observations

• It is preferable to use shape measurement methods whose biases show 
only a weak dependence on the details of the simulations

• Also need to calibrate impact of residual detector effects and image 
artifacts
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