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Weak Lensing Magnification

Credit: SDSS Collaboration



Measuring Magnification

1% Density Change at 
1 arcminute

Credit: SDSS Collaboration
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Magnification scaling with Magnitude



• 154 sq. deg. (ugriz) survey using 
the CFHT Legacy Survey data 

• 171 pointings over 4 widely 
separated fields 

• i<24.5 5σ detection 
• Resolved sources: 17 gal. per sq. 

arcmin 
• Mean redshift of z~0.7 
• Extensive calibration and 

systematics tests 
• Heymans et al. 2012, Erben et 

al. 2012, Hildebrandt et al. 
2012, Miller et al. 2012
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A Typical CFHTLenS Pointing
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Another Example
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Leistedt et al. 2015
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Empirically Modeling Density Systematics
• Parts of the survey with similar 

observing conditions should have 
similar sensitivities 

• Create a map between survey 
systematic values and observed 
galaxy density. High dimensional 
problem 
• Employ machine learning to do 

this, we chose KMeans for 
simplicity 

• Average over survey to avoid 
destroying cosmic signal 

• Use resulting weight map to draw 
randoms for L&S93 Estimator 
• [DD - DR - RD - RR]/RR
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Resultant Weight Map
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• Based on RCS2 data (griz) and 
CFHTLenS pipeline 

• 785deg2 imaging to r~24 (7σ extended) 

• Lensing catalogue: 5 gal. per sq. arcmin. 

• Mean redshift of z~0.6. 

• Overlap with SDSS, WiggleZ, DEEP2 

• Combined with CFHTLenS ~1000deg2

Credit: CFHT

RCS

Credit: CFHT

Slide: Hendrik Hildebrandt



Blake et al. (2015)

4 Blake et al.

wp(R) =

∫ ∞

−∞

ξgg(R, Π) dΠ. (14)

Our method of estimating wp(R) from the data is described
in Section 6.1. In practice the limits of Equation 14 must be
taken as large, finite values.

2.4 Suppressing small-scale information

Equation 6 demonstrates that the amplitude of ∆Σ(R) de-
pends on the surface density of matter around galaxies
across a range of smaller scales from zero to R. This is prob-
lematic from the viewpoint of fitting cosmological models
to the data since at small scales, within the halo virial ra-
dius, the cross-correlation coefficient between the matter and
galaxy fluctuations is a complex function which is difficult
to predict from first principles (Baldauf et al. 2010, Man-
delbaum et al. 2010). In order to remove this sensitivity to
small-scale information these authors proposed a new statis-
tic, the annular differential surface density (ADSD), denoted
by Υ and defined by

Υgm(R, R0) = ∆Σ(R) −
R2

0

R2
∆Σ(R0)

=
2

R2

∫ R

R0

R′ Σ(R′) dR′

− Σ(R) +
R2

0

R2
Σ(R0), (15)

which does not contain information originating from scales
R < R0. The small-scale limit R0 is chosen to be large
enough to reduce the main systematic effects, but small
enough to preserve a high signal-to-noise ratio in the mea-
surements.

The corresponding quantity suppressing the small-scale
contribution to the galaxy auto-correlations is

Υgg(R, R0) = ρc
[

2
R2

∫ R

R0

R′ wp(R′) dR′ − wp(R) +
R2

0

R2
wp(R0)

]

. (16)

We discuss our choice of R0 and the measurement of the Υ
statistics in Section 6.3.

2.5 Testing gravitational physics: the EG statistic

In general scalar theories of gravity, the perturbed FRW
spacetime metric ds2 may be expressed in terms of the New-
tonian potential Ψ and curvature potential Φ:

ds2 = [1 + 2 Ψ(x⃗, t)] c2 dt2 − a(t)2 [1 − 2Φ(x⃗, t)] dx⃗2. (17)

Relativistic particles, such as photons experiencing gravi-
tational lensing, collect equal contributions from these two
potentials as they traverse spacetime, such that their equa-
tions of motion (and hence the resulting lensing patterns)
are determined by ∇2(Ψ + Φ). However, the motion of non-
relativistic particles arising from the gravitational attraction
of matter, which produces galaxy clustering and RSD, is
sensitive only to the derivatives of the Newtonian potential
∇2Ψ (e.g., Jain & Zhang 2008).

In standard General Relativity (GR), in the absence of
anisotropic stress, Ψ(x⃗, t) = Φ(x⃗, t) and both potentials are
related to the matter overdensity via the Poisson equation

∇2Φ = 4πGa2ρmδm. Therefore, by measuring if both the
gravitational lensing of photons and galaxy peculiar veloc-
ity respond in an identical manner to the matter overdensity
traced by the lens galaxies in our datasets, we can perform
a fundamental test of whether the relation between (Ψ+Φ)
and Ψ follows the GR expectation (assuming this perturba-
tion approximation applies).

Zhang et al. (2007) proposed that this test can be effi-
ciently carried out by cross-correlating lens galaxies to both
the surrounding velocity field using RSD, and to the shear of
background galaxies using galaxy-galaxy lensing. In partic-
ular, Reyes et al. (2010) implemented this consistency test
by constructing the “gravitational slip” statistic

EG(R) =
1
β

Υgm(R, R0)

Υgg(R, R0)
, (18)

which is independent of both the galaxy bias factor b and
the underlying amplitude of matter clustering σ8, given that
β ∝ 1/b, Υgm ∝ bσ2

8 and Υgg ∝ b2 σ2
8 . The perturbed GR

model prediction on large scales is then a scale-independent
quantity EG = Ωm/f . We measure EG and carry out this
consistency test in Section 6.3. We note that a failure of this
consistency check does not necessarily indicate evidence for
gravitational physics beyond GR: other possible explana-
tions would include a breakdown in validity of linear per-
turbation theory, or that the value of Ωm differs from that
predicted by measurements of the Cosmic Microwave Back-
ground radiation.

3 DATA

We perform this test of gravitational physics by utiliz-
ing the overlap of lensing measurements from two imaging
surveys, the Canada-France-Hawaii Telescope Lensing Sur-
vey (CFHTLenS; Heymans et al. 2012) and the Red Clus-
ter Sequence Lensing Survey (RCSLenS, Hildebrandt et al.
2014), with two spectroscopic-redshift large-scale structure
surveys, the WiggleZ Dark Energy Survey (Drinkwater et
al. 2010) and the Baryon Oscillation Spectroscopic Survey
(BOSS, Eisenstein et al. 2011). Figure 1 displays the sky dis-
tribution of the CFHTLenS, RCSLenS, WiggleZ and BOSS
datasets used in this analysis, and the surveys and source
selection are briefly described in the sub-sections below.

A total of 11 CFHTLenS and RCSLenS survey fields
overlap with the WiggleZ and BOSS data, comprising a to-
tal area of 483 deg2 (74 deg2 for CFHTLenS and 409 deg2 for
RCSLenS). Table 1 lists some statistics for these fields, in-
cluding the total effective (unmasked) field area, the subset
of the area passing the cosmology-independent systematics
cull of pointings, the subset of the area containing photo-
z information, the effective source density (defined below)
and the number of lenses in each of the overlapping spectro-
scopic surveys used in the analysis, where the BOSS data is
split into the CMASS and LOWZ samples (described below).
The RCSLenS fields used for cross-correlation with (Wig-
gleZ, BOSS) contain an effective area of (248, 272) deg2, of
which (163, 187) deg2, i.e. around two-thirds, contains 4-
band photometric redshifts. The CFHTLenS fields used for
cross-correlation with BOSS cover 74 deg2 with complete
high-quality photo-z information available.

Our datasets enable us to construct five distinct source-

c⃝ 0000 RAS, MNRAS 000, 000–000
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Figure 15. The annular differential surface density statistic for the galaxy-mass cross-correlation, Υgm(R, R0), measured for the different
combinations of lens-source datasets assuming R0 = 1.5 h−1 Mpc. We also plot the best-fitting model for each cross-correlation using
both the wp(R) and ∆Σ(R) measurements. The errors are based on measurements for a set of 374 mock catalogues. The horizontal
dotted line marks Υgm = 0.

Figure 16. EG(R) measurements in two independent redshift bins 0.15 < z < 0.43 and 0.43 < z < 0.7, after combining the results
from the different cross-correlations. In the former case, the measurements of Reyes et al. (2010) are plotted as the open circles for
comparison. The horizontal solid lines are the prediction of standard gravity, EG = Ωm/f , for our fiducial model Ωm = 0.27. The
horizontal dotted lines indicate the 1-σ variation that would result given ∆Ωm = 0.02, which is indicative of both the WMAP and
Planck error in determining this parameter.

0.07, 0.81 ± 0.07, 0.74 ± 0.07, 0.79 ± 0.07)], consistent with
the latest determinations from the Planck satellite (Planck

collaboration 2015b). Combining the separate fits to deter-
mine the normalizations in two independent redshift bins,
0.15 < z < 0.43 (WGZLoZ, LOWZ) and 0.43 < z < 0.7
(WGZHiZ, CMASS), we determine [4 blindings: σ8(z =
0.32) = (0.69±0.08, 0.77±0.08, 0.70±0.08, 0.75±0.08)] and

[4 blindings: σ8(z = 0.57) = (0.48 ± 0.07, 0.55 ± 0.07, 0.50 ±
0.07, 0.53 ± 0.07)]

In Figure 14 we display the posterior probability dis-
tributions of σ8 for each source-lens dataset, marginalized
over the bias factors. The datasets offer roughly comparable
constraining power, with CMASS-RCSLenS and WGZHiZ-
RCSLenS producing the most and least accurate determi-
nations, respectively.
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RCSLenS
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RCSLenS

31



RCSLenS
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• 1500 sq. deg. survey 
• VLT Survey Telescope (VST) 
• four bands: ugri 
• superb image quality 
• same footprint as VIKING 
• overlap with 2dF, GAMA, 

SDSS

KiDS: 



Conclusions
• Galaxy density variations caused by survey systematics can be a 

large effect 
• Especially for small signals such as weak lensing magnification 

• Modeling these processes through the detection pipeline is non-
trivial 
• Requires large simulated dataset 

• Empirically modeling the relation of density to survey systematic 
is an option 
• Test other, more complex learning: SOM, Kernel Smoothing 
• Can even provide tests for how well the simulations are 

preforming. 
• Paper Submitted and coming soon 
• As data volume increases, correcting for these effect becomes 

even more important 
• KiDS, DES, HSCLS, LSST
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Backup Slides:
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CFHTLenS Magnitude Shift
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Self Organizing Maps
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Self Organizing Maps
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Shear Plots



Cross-Correlation with Weighted Randoms
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