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How will galaxy overlaps impact LSST weak lensing? 
• with current algorithms, not feasible to perform optimal 

simultaneous analysis of overlaps for LSST. 
• alternative is to use a “deblender” to partition flux, then 

measure each galaxy’s shape independently.
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LSST DESC has released an open source simulation 
and analysis package to address these questions: 

http://weaklensingdeblending.readthedocs.org/ 

https://github.com/DarkEnergyScienceCollaboration/
WeakLensingDeblending 

Fast pixel-level simulation (using GalSim) of weak lensing 
surveys:

E↵ective Primary Pixel Exp. Sky Atmos. Zero
Survey Area(m2) Diam.(m) Size Time Bright. FWHM Point
CFHTLS 8.022 3.592 0.185” i 4300s 20.3 0.64” 10.0

r 2000s 20.8 0.71” 13.5
DES 10.014 3.934 0.263” i 1000s 20.1 0.79” 12.5

r 800s 21.1 0.79” 16.8
LSST 33.212 8.360 0.200” i 6900s 20.0 0.67” 41.5

r 6900s 21.3 0.70” 55.8

Table 1. Summary of the simulation parameters used to describe idealized CFHTLS, DES, and LSST
surveys: e↵ective unobscured light-collected area A in m2, primary mirror clear aperture diameter
D in m, pixel size �

pix

in arcseconds, nominal full-depth exposure time t
exp

in seconds, typical
sky brightness B in mag/arcsec2, the full-width half-maximum (FWHM) median zenith atmospheric
seeing 

0

in arcseconds, and the overall spectral response zero point s
0

in electrons per second at
m

0

= 24 (see Appendix B for details). The two numbers given in each of the last four columns are for
the i (upper) and r (lower) bands, respectively. Sky brightness values assume a 30% moon (CFHTLS)
or else a 3-day (⇠ 10%) moon (DES, LSST).

Similarly, we calculate the mean detected signal b from the sky in electrons per pixel as

b = s
0

10�0.4(B�B0) ·�2

pix

· t
exp

, (4.3)

where B is the assumed sky brightness (in mag/arcsec2), B
0

= 24 mag/arcsec2, and �
pix

is the pixel size in arcseconds. Note that we use the same zeropoint s
0

for photons emitted
in the atmosphere as for astronomical sources, and thus ignore small di↵erences in their
integrated atmospheric transmission. We also neglect the relatively small noise contributions
from dark currents and readout noise in the following.

We model the atmospheric degradation of the image using a Kolmogorov [? ] point
spread function (PSF) with a full-width half-maximum (FWHM) parameter 

atm

in arcsec-
onds calculated as


atm

= 
0

X0.6 , (4.4)

where 
0

is the assumed zenith atmospheric seeing FWHM and X is the observing airmass.
We assume a round atmospheric PSF for the purposes of this study. We model the instru-
mental PSF as an Airy disk calculated for the primary mirror diameter D and obscuration
fraction f

obsc

, given by

1� f2

obsc

=
A

⇡(D/2)2
, (4.5)

using values given in Table 1. We assume a fixed value of �/D, using the central wavelength
of each filter band for �, and model the obscuration as a central disk.

In the following, unless otherwise stated, we assume an airmass X = 1.2, a round
PSF, and no cosmic shear g = 0. Our results are based on simulations of 13.6⇥ 13.6 square
arcminutes, corresponding to one LSST 4K chip, and use a simulation threshold of ⌫

pix

= 0.1.
Figure 2 shows details from some simulated images covering 13.0 ⇥ 17.6 square arcseconds,
or 65⇥ 88 LSST pixels.
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(HSC, Euclid coming soon…)

http://weaklensingdeblending.readthedocs.org/
https://github.com/GalSim-developers/GalSim


Figure 1. Distributions of galaxy catalog quantities: (a) i- and r-band AB magnitudes, with a
vertical line indicating the i < 25.3 cut that defines the LSST weak-lensing gold sample; (b) Redshifts
of all (outline histogram) and “gold” (filled histogram) catalog objects; (c) Distribution of galaxy
sizes ��; (d) Fraction fb of total flux in a bulge component; (e) Distribution of ellipticity magnitudes
|"| for “disk” (fb = 0), “mixed” (0 < fb < 0.1 and “bulge” (fb � 0.1 sources in the gold sample; (f)
Correlations between (r-i) color and i-band magnitude using a color scale to represent galaxy size ��;
(g-i) Color-magnitude correlation plots for (g) “disk”, (h) “mixed” and (i) “bulge” sources, using a
color scale to represent ellipticity magnitude |"|.

4 Image Simulation

We use GalSim [10] to simulate the appearance of individual galaxies in a ground-based
imaging detector, accounting for the e↵ects of a point-spread function (PSF), pixelation,
and overall detector response. We first define a detector pixel grid that maps catalog right
ascension and declination into pixel coordinates for a fixed simulated telescope pointing.
Next, we render each galaxy i, defined by its 9 catalog parameters, into its own rectangular
postage-stamp image with a signal s

ip

detected in pixel p. The rendering is performed semi-
analytically using an e�cient Fourier-transform convolution of its combined disk and bulge
surface brightness (including a sub-pixel o↵set to the centroid position) with the assumed
PSF and pixel response function, so is e↵ectively a noise-free prediction of the mean expected
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Simulate galaxy catalog from LSST sims group: 
• Millenium DM simulation. 
• baryonic physics from Kitzbichler & White (2007). 
• SEDs from Bruzual & Charlot (2003). 
• Bulge (n=4) + disk (n=1) morphology from Batissta et al (2006).

LSST gold
i < 25.3

http://arxiv.org/abs/astro-ph/0609636
http://arxiv.org/abs/astro-ph/0309134


Estimate statistical power of each pixel (neff) with 
Fisher matrix of flux-size-shape covariances:
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Figure 9. Distributions of catalog parameters for detected galaxies in a simulated LSST full-depth
r-band exposure. See the caption to Figure 8 for details.

algorithm. However, our goal is not to characterize existing algorithms but rather to establish
a framework for generically propagating deblending performance into shear measurement
performance within the context of specific surveys. Therefore we fix ↵ = 1 and expect that
any deblending algorithm that can achieve a lower e↵ective value of ↵ to have better shear
measurement performance than our projections.

One additional ingredient required for a realistic model of deblending systematic errors
is to partition the entire flux of any undetected sources among the detected sources...

Outline for the rest of this section:

• Use fit of noise-free deblended galaxies to estimate systematic shifts �g
1,2

for each
galaxy.
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Summary
Most of the LSST weak-lensing signal is from: 

• small galaxies with size / PSF ~ 1. 

• low signal-to-noise galaxies: ν ≲ 20. 

• need shape measurement algorithms for isolated galaxies that 
are sufficiently accurate in this regime. 

About half of the LSST signal is in blended groups. 
• need a sufficiently accurate algorithm for deblending (or fast 

simultaneous shape measurements). 

We do not yet have the required algorithms.
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Accurate astrophysics:
• Blomqvist++ 2015, “Broadband distortion modeling in Lyman-α 

forest BAO fitting”, arXiv.org:1504.06656. 

• Margala++ 2015, “Improved Spectrophotometric Calibration of the 
SDSS-III BOSS Quasar Sample”, arXiv.org:1506.04790.
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