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4.1.2 Galaxy density percentiles

All measurements presented above use troughs selected to
be below the lower 20th percentile of galaxy counts. Mea-
surements with larger limiting percentiles (e.g. the 30th per-
centile) give results of similar significance but smaller am-
plitude.

It is particularly interesting, however, to study the sym-
metry of matter in the overdense and underdense tails of
the galaxy field. For dense enough tracers and large enough
scales, the expectation is that all involved fields are approx-
imated well by a Gaussian distribution. This should lead to
symmetric shear signals at the same upper and lower per-
centiles. On smaller scales, the galaxy counts (if only due to
Poisson noise) and the matter density and convergence field
(since |δ| ≪ 1 is no longer true and non-linear evolution
boosts high-density fluctuations) deviate from a Gaussian
distribution and we expect some degree of asymmetry be-
tween the low- and high-density signal.

The measurement for both the lower and upper 20th
percentile is shown in Fig. 6 and is in agreement with these
expectations. At small trough radii, there appears to be a
significant asymmetry, with the overdense regions showing
a larger shear signal than anticipated from our model or the
measurement of underdensities. For larger cylinders, such an
effect is not detected. A lognormal model of the matter con-
trast (dashed lines) makes virtually no difference for larger
trough radii. For smaller trough radii, the shears around
high-density cylinders are predicted to be somewhat larger,
yet not sufficiently so to fit the data well. We hypothesize
that the discrepancy between high- and low-density cylin-
ders can rather be explained by an environment dependence
of the bias of the redMaGiC tracer galaxies: because the
mean bias of galaxies in overdense regions is larger than
in underdense regions, the shear around small, high-density
cylinders gets boosted relative to the signal around the low-
density troughs (cf. the bias dependence of the model pre-
diction in Fig. 4).

4.1.3 Significance

For estimating uncertainties, we use a set of Nj = 100 jack-
knife resamplings. In order to ensure that these are approxi-
mately equally populated with troughs, we choose them with
a K-means algorithm3 on the catalogue of 5 arcmin trough
positions. The delete-one jackknife yields a covariance
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our case, we estimate the covariance matrix C of tangential
shear measurements (or, in Section 4.2, angular two-point
correlation measurements) in our set of angular bins.
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t ) estimated for our fiducial
10 arcmin trough measurement. At intermediate and large
radii, neighbouring bins are highly positively correlated,

3 https://github.com/esheldon/kmeans_radec/

Figure 7. Correlation matrix Rij of shear around 10 arcmin
troughs measured in the logarithmic angular bins of Fig. 4 as
estimated from 100 jackknife regions.

Trough selection Significance Reduced χ2

θT zT ∈ P zs gt(θT) Γ χ2
mod χ2

×

5 [0.2, 0.5] ! 0.2 all 10 17 1.1 0.3

10 [0.2, 0.5] ! 0.2 all 9 12 1.4 0.5

20 [0.2, 0.5] ! 0.2 all 4 9 0.9 1.0

30 [0.2, 0.5] ! 0.2 all 3 6 0.7 1.0

10 [0.2, 0.5] ! 0.2 low 4 6 0.6 0.5

10 [0.2, 0.5] ! 0.2 high 8 11 1.4 0.6

10 [0.2, 0.4] ! 0.2 all 7 9 0.9 0.4

10 [0.4, 0.5] ! 0.2 all 5 10 1.2 0.6

10 [0.2, 0.5] " 0.8 all 9 12 1.0 0.4

Table 1. Metrics of significance of detection of shear around
troughs of radius θT selected from the galaxy field in the given
redshift range zT at the percentile threshold P for sources in the
indicated zs bins. We list the SNR of shear at the trough radius,
gt(θT)/σgt(θT), and of the optimally weighted linear combination
of shears, Γ/σΓ. See description in Section 4.1.3 for details. The
remaining columns show the reduced χ2 of the residuals of model
and measurement (cf. Section 4.3) and of cross-shears.

which is even more the case for the larger troughs. The neg-
ative correlation of the innermost bins is a generic feature
that appears in all trough sizes probed and is connected to
the opposite sign of the first two data points of the lower
panels of Fig. 4. Both this and the off-diagonal negative cor-
relations at large radii are also seen in less noisy versions of
the covariance determined from simulations (cf. Friedrich et
al., in preparation).

We ensure the significances defined below are stable un-
der a change of binning scheme and jackknife regions by cal-
culating them with 15 instead of 25 radial bins for which we
estimate the covariance using 50 rather than 100 jackknife
patches, which yields consistent results.


