
Weak lensing by galaxy troughs in DES SV 3

Define a function Wz(z, L) that assigns a weight to each
galaxy based on its redshift and luminosity. Furthermore,
define WT(θ) to weight points by their projected angular
separation θ from the centre. From these we define a pro-
jected, weighted and smoothed version of the galaxy density
field

G(x) =

n
!

i=1

WT(|x − xi|)Wz(zi, Li) . (1)

In this study, we use a simple weighting corresponding
to a hard cut in luminosity, redshift and radius, i.e.

Wz(z, L) =

"

1 , L ! 0.5L⋆ ∧ 0.2 " z " 0.5
0 , otherwise

WT(θ) =

"

1 , θ " θT

0 , otherwise
(2)

with some trough radius θT, which we vary between 5 and
30 arcmin. The redshift range of z ∈ [0.2, 0.5] is motivated
by a trade-off between having a large trough volume (and
hence a large signal) and having sufficient background galax-
ies with useful shear estimates to measure the effect, al-
though we test other settings in Section 4.1.1. Note that a
luminosity-independent weighting scheme of LRGs, as we
apply it here, is not far from optimal for the reconstruction
of the matter field (Cai et al. 2011).

Probed on a finely spaced grid of sky positions, for
which we use an Nside = 4096 healpix (Górski et al. 2005)
map with 0.86 arcmin pixel spacing, there is a distribution
of weighted galaxy counts as measured by G. We select the
set of trough positions T as the points below the 20th per-
centile G20 of that distribution, i.e. T = {x : G(x) " G20}.1

It is important to note that we are not selecting individual
minima of the galaxy density field. Instead, troughs are over-
lapping within and between samples of fixed trough radius.
A map of trough positions for θT = 10 arcmin is shown in
Fig. 1. Note how the troughs visibly trace underdensities in
the convergence field.

In practice, G needs to be corrected for the effect of
masking due to survey boundaries or bright stars, for ex-
ample. A homogeneous masking fraction over all cylinders
simply decreases the tracer density, which is accounted for
by our model automatically. When masking fractions are not
homogeneous but vary among the cylinders, the situation is
more complicated. For the present analysis, we make the
approximation of excluding all cylinders where more than
f = 20% of the area inside the trough radius is masked in
the galaxy catalogue and assume that all remaining cylin-
ders have equal masking fractions when selecting troughs
and modelling the signal. At the level of statistical precision
achieved here, this simplification is not expected to cause a
significant difference.

The mean surface density of redMaGiC galaxies in the
useable area is approximately n̄ = 0.055 arcmin−2, corre-
sponding to a mean count of approximately 4, 17, 69 and
155 galaxies in cylinders of radius 5, 10, 20 and 30 arcmin.

1 We have also tried stricter (i.e. lower percentile) and looser
(i.e. higher percentile) thresholds, which yield a higher (lower)
amplitude of the signal with larger (smaller) uncertainties. Also
see Section 4.1.2 for the selection of high-density cylinders.

Figure 1. Positions of 10 arcmin troughs (black circles, to scale,
randomly selected sample of 1500 out of the ≈110,000 trough
positions probed) overlaid on to lensing convergence map (red:
positive, blue: negative). Convergence was estimated as described
in Vikram et al. (2015) with a weighted lensing source catalogue
(Section 2.3) and a 7 arcmin Gaussian smoothing.

At the lower 20th percentile, selected troughs have mean
counts of 1, 9, 44 and 108 galaxies, respectively.

2.3 Lensing source catalogue

For the background sources, we use a shape catalogue
measured with ngmix.2 We apply the cuts, weighting and
responsivity correction as recommended in Jarvis et al.
(2015), where also the shape measurement and testing of
catalogues is described in detail. In order to prevent confir-
mation bias, shear estimates in the catalogue were blinded
with an unknown factor until the analysis had been finalized
(cf. Jarvis et al. 2015, their section 7.5).

We use the two highest redshift bins defined in
Becker et al. (2015, cf. their fig. 3) by means of photo-z prob-
ability density estimates made with SkyNet (Graff & Feroz
2013; Bonnett 2015), a method that performed well in an
extensive set of tests on SV data (Sánchez et al. 2014). The
mean redshift of the lower (higher) redshift bin is z ≈ 0.6
(z ≈ 0.9). We use the appropriately weighted SkyNet

stacked p(z) estimate for predicting the lensing signal (cf.
Section 3). To maximize the SNR for our non-tomographic
measurements, we weight the signal measured in both bins
as 1:2 to approximately accommodate the ratio of effective
inverse critical surface mass density. The resulting p(z) of
the samples used are shown in Fig. 2. The tests performed in
Bonnett et al. (2015) indicate that errors in photo-z estima-

2 cf. https://github.com/esheldon/ngmix


