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• Current shape measurement algorithms 
assume that galaxies do not overlap.

• Stage-IV lensing surveys probe higher 
surface densities, but with more overlaps.

• Are we ready to take advantage of the full 
LSST depth? (LSST/DES signal ~ 28)

• Where should we focus our effort in 
further developing photo-z and shape 
measurement algorithms?
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First Pass: analyze galaxies independently 
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E↵ective Pixel Exposure Sky Brightness Med. Seeing Zero
Survey Area(m2) Size(”) Time (s) (mag/arcsec2) (FWHM ”) Point
CFHTLS 8.022 0.185 i 4300 20.3 0.64 10.0

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

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

r 6900 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, 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 seeing 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).

band for all three surveys.
Similarly, we calculate the mean detected signal rate from the sky in electrons per second

per pixel as
S = s

0

10�0.4(B�B0) ·�2

pix

, (3.3)

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 e↵ects of the combined atmospheric and instrumental PSF using a Kol-
mogorov model [? ] with a full-width half-maximum (FWHM) parameter  in arcseconds
calculated as

 =
q

(
atm

X

0.6)2 + 

2

instr

, (3.4)

where 
atm

is the assumed zenith atmospheric seeing FWHM,X is the observing airmass, and


instr

is the instrumental PSF. We assume 

instr

= 0.4” for all three surveys. By combining
atmospheric and instrumental contributions to the PSF into a single Kolmogorov model,
we are ignoring the substructure that is typically associated with an instrumental PSF and
assuming that the smoother atmospheric blurring dominates. We also assume a round PSF
for the purposes of this study.

4 Analysis

In the first stage of our analysis, we calculate several quantities for each galaxy that are
useful indicators of its usefulness in a weak-lensing analysis, assuming that it is observed
completely isolated from any other objects. Next, we examine various schemes for measuring
cosmic shear in the presence of overlaps.
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fbulge > 0.1 (σintrinsic ~ 0.13)

disk only (σintrinsic ~ 0.22)

0 < fbulge < 0.1 (σintrinsic ~ 0.25)
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1 Introduction

Throughout this paper we describe galaxy shapes using the complex ellipticity spinor defined
as
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where Q
ij

are the components of the symmetric second-moment tensor of the galaxy’s surface
brightness profile I(x

1

, x
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brightness centroid
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with determinant |Q|. We also use
�

gal

= |Q|1/4 (1.3)

as a measure of a galaxy’s size.
Weak gravitational lensing of the galaxy’s image by intervening matter transforms

(x
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) to observed angles (x0
1

, x

0
2

) (measured relative to the observed centroid) via a linear
transformation that is conventionally parametrized in terms of its inverse
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where  > 0 magnifies the image and the reduced shear components g

1

and g

2

stretch an
image along the + and ⇥ axes, respectively (see Fig...?) In the weak lensing limit, |g| ⌧ 1
with g ⌘ g

1

+ ig

2

, a galaxy’s intrinsic shape " is correspondingly transformed to an observed
shape "0 via

"0 =
"+ g

1 + g⇤"
, (1.5)

so that the average ellipticity of an ensemble of galaxies subject to the same infinitessimal
shear g is given by

h"0i = h"i+ g � g⇤h"2i+O �|g|2� . (1.6)
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• each galaxy’s footprint = pixels where its 
detected signal > sqrt(full-depth sky)/2

• two galaxies are overlapping if their footprints 
have any pixels in common

Second Pass: quantify effects of overlaps 



• Predicted effective galaxy surface densities*:

• LSST: Neff ~ 23 (r), 18 (i) / sq.arcmin.

• DES: Neff ~ 8.0 (r), 5.5 (i) / sq.arcmin.

• LSST cosmic shear signal is concentrated at:

• S/N > 10

• σgal / σpsf ~ 0.5 - 1.5

• z-contamination ~ 1%

• <z> ~ 1.1(r) , 1.0 (i) and i < 27.0, r < 26.5

* ~15% masking for stars not included

focus
effort
here!}

Preview of results
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LSST-r LSST-i
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ν >10, r >0.5
σm< σi
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LSST-r LSST-i
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ν >10, r >0.5
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<1% photo-z
contamination



LSST-r LSST-i
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k = σm/σi
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ν >10, r >0.5
σm< σi

<1% photo-z
contamination
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LSST-r LSST-i

DES-r DES-i



LSST-r

DES-r

catalog/5

LSST-r

DES-r

cat./10

LSST-i

DES-i

LSST-i

DES-i

catalog/5

cat./10



LSST-r LSST-i

DES-r DES-i



• Overlaps with |Δz| < 0.1 are considered 
harmless (e.g., from satellites)

• Measure fraction of galaxy’s weighted* flux 
due to overlapping galaxies with |Δz| > 0.1

• Fraction measures redshift contamination:

• > 10% is unusable for photo-z

• 1-10% is “challenging”

Redshift contamination from overlaps

* flux of secondary galaxy weighted with primary galaxy’s profile.
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Comparison with other Neff estimates for LSST

• LSST Science Book: Neff ~ 40 / sq.arcmin.

• Chang++ 2013: Neff ~ 31 / sq.arcmin.

• σm< σi (k = 1), simple geometric 
treatment of overlaps.

• This work: Neff ~ 23 (r), 18 (i). 

• σm< σi , redshift contamination < 1% 



Next steps

• validate / improve input galaxy catalog

• model effects of stars on overlaps

• estimate systematic biases on shape 
measurement and photo-z due to overlaps

• focus limited CPU on best 20% of seeing?

• paper draft in progress...



• Predicted effective galaxy surface densities*:

• LSST: Neff ~ 23 (r), 18 (i) / sq.arcmin.

• DES: Neff ~ 8.0 (r), 5.5 (i) / sq.arcmin.

• LSST cosmic shear signal is concentrated at:

• S/N > 10

• σgal / σpsf ~ 0.5 - 1.5
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Summary of results
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