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Outline
• Space-based dark energy missions in the 2020s

• End-to-end simulation pipeline

• Neighbor bias

• Grants & publications



• Successfully explains:
• Homogeneity
• Expansion
• Structure formation

• Challenges:
• Dark matter
• Dark energy 

What is the 96% of the content 
of the Universe?

The ΛCDM model

Credit: M. Blanton and SDSS (Blanton et al. 2003)



• Field of view: 0.54 deg2

• 15.000 deg2 (37.5% of the sky)
• 1.2B galaxies
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• Field of view: 0.28 deg2

• ~2000 deg2

• 380M galaxies

2020s space-based dark energy missions
Credit: https://wfirst.gsfc.nasa.gov



5Credit: DECaLS, NOAO/AURA/NSF

Observational systematics



The data flow in a galaxy survey
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The Dark Energy Survey Collaboration, 
Troxel et al. 2017

Images Catalogs
Observables Constraints on cosmological 

parameters/models

Credit: DECaLS, NOAO/AURA/NSF



End-to-end simulation pipeline

Fast cosmological simulations:
• Dark matter halo catalogs
• Weak lensing maps

Galaxy formation model Systematic effects
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Dust content
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From halos to galaxies

Ghost software (Bull 2017, MNRAS, 471, 12):
Enables a fast modeling of galaxy properties 

Simulations Observations
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Credit: Chieh-An Lin

Weak gravitational 
lensing maps



Simulations vs observations
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Credit: M. Blanton and SDSS (Blanton et al. 2003)



Observational systematics: neighbor bias

Galaxy easy to measure
Galaxy hard to measure

True density fluctuations

Observed density fluctuations

Channels for neighbor bias:
• Flux contamination
• Indistinguishability of 

overlapping galaxies
• Undetected galaxies
• Varying noise background

Impact on:
• Detection probability
• Measured galaxy properties



Modeling the neighbor bias: simulations

Exclusion radius: 
~arcseconds 

Light distribution 
at small scales 

(exclusion radius)

Observables 
at large scales

Intermediate 
smoothing scale

Pixel scale: 
~arcminutes 
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Smoothed map of 
background light



13

Coupling between the neighbor bias and the density field

Probability of 
detecting a galaxy
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Measurements 
from mocks

Prediction from the 
analytical model

Impact on cosmological observables
Galaxy clustering

Weak gravitational lensing



• I am the PI of the proposal Simulating 1000 Universes:
• 2x1000 simulations of weak gravitational lensing
• Total number of particles simulated: > 1 trillion!
• 1Tb of final data products
• State-of-the art in simulations for weak lensing covariance matrices.
• Data sets publicly available.
• Collaborations that will benefit from this: Euclid, WFIRST, LSST.



Publications

• Co-author of:
• Lippich M., et. al. (including Izard A.), Comparing approximate methods for mock 

catalogues and covariance matrices I: correlation function, 2018, MNRAS, 482, 1786-
1806.

• Blot L., et. al. (including Izard A.), Comparing approximate methods for mock 
catalogues and covariance matrices II: Power spectrum multipoles, 2018, MNRAS 
accepted, ArXiv: 1806.09497.

• Colavincenzo M., et. al. (including Izard A.), 2018, Comparing approximate methods 
for mock catalogues and covariance matrices III: Bispectrum, MNRAS, 482, 4883-
4905.



Summary
• Euclid and WFIRST will be systematics limited
• I developed an efficient end-to-end pipeline for cosmological simulations

• I developed a model for the neighbor bias.
• Future missions will need to account for it.
• Proposed solution: add a new parameter to describe its impact on cosmological 

observables.

• Simulating 1000 Universes in AWS: unique simulation suite of its kind


