
The Kilo-Degree 
Survey (KiDS)
Hendrik Hildebrandt - AIfA Bonn



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

SDSS
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Mellier (1999)



Shape measurements

Bridle et al. (2008)
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KiDS photometric redshifts



KiDS features
• Telescope built with weak lensing in mind.  

Very well controlled PSF. 

• Survey delayed a lot. Team was very well prepared!! 

• Small, experienced (CFHTLenS) team working on the lensing 
science. 

• Overlap with VIKING  
-> only wide, deep, and well-matched optical+NIR survey  
Preparation for Euclid and WFIRST. 

• KiDS + CFHTLenS + RCSLenS + some smaller CFHT projects  
= ~3000 sq. deg. of very high quality lensing data.



Dark energy

CFHTLenS collaboration







CFHTLenS
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GAMA

KiDS-GAMA (DR2)

Eardley et al 2015

Viola et al 2015



KiDS early science
• Using KiDS DR2 data with GAMA overlap  

(~110 sq. deg.) 

• Concentrate on DM - baryon connection with GGL-like 
measurements. 

• Measure average shear signal around 

• GAMA galaxies 

• GAMA groups 

• Satellite galaxies in GAMA groups



GAMA group 
(spectroscopic 
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KiDS early science - group lensing
Viola et al. (2015)



KiDS early science - group lensing
Viola et al. (2015)



KiDS early science - group lensing
Viola et al. (2015)



van Uitert et al. (2015, in prep.)



van Uitert et al. (2015, in prep.)



Slide courtesy of Cristobal Sifon
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Sifon et al 2015



KiDS early science - satellite lensing
Sifon et al. (2015)



Cosmic Shear

Credit: http://www.lsst.org

http://www.lsst.org


Gravitational Lensing Analysis of KiDS 23

Thus far our blinding is limited to the shape measure-
ments only and future blinding will also include manipula-
tion of galaxy weights and potentially photometric redshifts,
stellar masses and galaxy luminosities. As our first analy-
sis covers less than 10 per cent of the final KiDS area, the
blinding described here had only a small e↵ect on the early
science results presented in the accompanying Viola et al.
(2015) and Sifón et al. (2015) papers. We agreed however,
that it was important to implement this blinding scheme
from the beginning, in order to learn from this ‘dry run’
in preparation for the future larger-area KiDS cosmological
analyses.

6.2 Second order weak lensing statistics

To detect weak lensing by large-scale structures and extract
cosmological parameter constraints and information about
systematics from the data, a wide range of di↵erent two-
point statistics have been proposed (see Schneider et al.
2002b, 2010, for a comprehensive discussion of the relation-
ship between these statistics). These real-space statistics all
derive from the observed angular two-point correlation func-
tion ⇠̂± which can be estimated from the data as follows:

⇠̂±(✓) =

P
✓ wawb [✏t(xa)✏t(xb) ± ✏⇥(xa)✏⇥(xb)]P

✓ wawb
. (26)

Using inverse variance weights w, the sum is taken over pairs
of galaxies with angular separation |xa � xb| = ✓ ± �✓/2,
where �✓ is the width of the bin10. The tangential and cross
components of the ellipticities ✏

t,⇥ are measured with re-
spect to the vector joining each pair of correlated objects
(Bartelmann & Schneider 2001).

Weak gravitational lensing produces curl-free gradient
distortions (E-mode), and contributes only to the curl dis-
tortions (B-mode) at small angular scales, ✓ < 1 arcmin,
mainly due to source redshift clustering (Schneider et al.
2002a). Decomposing the weak lensing signal into E and
B modes therefore provides a method with which to gauge
the contribution to the overall shear correlation signal from
non-lensing sources. These could arise from residual system-
atics in the shape measurement method, or from the intrinsic
alignment of nearby galaxies (see Troxel & Ishak 2015, and
references therein).

Crittenden et al. (2002) show that the shear correlation
functions, estimated in Eq. 26, can be decomposed into the
E- and B-type correlators

⇠
E

(✓) =
⇠
+

(✓) + ⇠0(✓)
2

and ⇠
B

(✓) =
⇠
+

(✓)� ⇠0(✓)
2

,

(27)

where

⇠0(✓) = ⇠�(✓) + 4

Z 1

✓

d#
#

⇠�(#)� 12✓2
Z 1

✓

d#
#3

⇠�(#) . (28)

The measured E-mode ⇠
E

(✓) is related to the underlying

10 Note that the final reported angular scale of the bin should
not be the mid-point of angular range selected, but the weighted
average separation of the galaxy pairs in that bin.

Figure 22. Comparison of the E-type (upper) and B-type (lower)
shear correlation functions measured using all the data (dashed);
after the application of the field selection (open points); and after
the application of both field selection and the additive calibra-
tion correction (solid). Without these two corrections the B-mode,
which is an indicator of non-lensing systematic errors, becomes
significantly non-zero on large scales. Note that the B-mode ver-
tical axis has been multiplied by ✓ (in arcminutes) in order to
emphasize the di↵erences from a zero signal.

non-linear matter power spectrum P� that we wish to probe,
via

⇠±(✓) =
1
2⇡

Z
d` `P(`) J0,4(`✓) , (29)

where J
0,4(`✓) is the zeroth (for ⇠

+

) or fourth (for ⇠�) order
Bessel function of the first kind. P(`) is the convergence
power spectrum at angular wave number `

P(`) =

Z wH

0

dw
q(w)2

a(w)2
P�

✓
`

fK(w)
, w

◆
, (30)

where a(w) is the dimensionless scale factor corresponding
to the comoving radial distance w, and wH is the horizon
distance. The lensing e�ciency function q(w) is given by

q(w) =
3H2

0

⌦
m

2c2

Z wH

w

dw0 n(w0)
fK(w0

� w)
fK(w0)

, (31)

where n(w)dw is the e↵ective number of galaxies in dw,
normalized so that

R
n(w)dw = 1. fK(w) is the angular di-

ameter distance out to comoving radial distance w, H
0

is the
Hubble parameter and ⌦

m

the matter density parameter at
z = 0. For more details see Bartelmann & Schneider (2001)
and references therein.

6.3 KiDS shear correlation data and survey
parameters

Fig. 22 presents the derived E- and B-type shear correlation
functions, from Eq. 27. These were calculated following the

MNRAS 000, 1–37 (2015)
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Figure 23. The E-type shear correlation functions from the 105
tiles of KiDS data that pass the PSF systematics tests in §5.3.
Measurements from all four blindings are shown, with the true
shear measurement indicated with an error bar. For comparison
the E-mode signal expected from three di↵erent ⇤CDM cosmo-
logical models are shown; Planck cosmology using the TT spec-
tra (dashed), and EE spectra (dotted) along with the best-fit
CFHTLenS result (solid). Note that the vertical axis has been
multiplied by ✓ (in arcminutes) in order to improve the visualisa-
tion by enhancing the di↵erences.

method in Pen et al. (2002), using 4000 finely binned mea-
surements of the shear correlation function ⇠±(✓) spanning
900 < ✓ < 4� in equal bins of log ✓. As our data extend over
many degrees, but not to infinity, we use a fiducial cosmo-
logical model to determine the integrand in Eq. 28, splitting
the integrals into two. The first is calculated from the obser-
vations directly, extending from ✓ to ✓

max

where ✓
max

= 4�.
The second extends from ✓

max

to 1 and is calculated by in-
serting ⇠�(✓) calculated from Eq. 29 assuming the KiDS red-
shift distribution and the best-fit Planck cosmology (Planck
Collaboration et al. 2015a). This model dependent part of
the integrand sums to ⇠ 10�7 for the three cosmological
models that are compared in Fig. 23. This model depen-
dence prevents cosmological parameter estimation directly
from the E-mode signal. The analysis is still a valid diag-
nostic test for residual systematics, however, as the model-
dependent addition to Eq. 28 is less than 10 percent of the
total signal on the largest angular scales probed. The er-
rors are estimated following Pen et al. (2002), treating each
noisy finely binned raw shear correlation measurement as
uncorrelated with the others. We then propagate these un-
correlated errors through to a final correlated error on the
coarsely binned E- and B-type shear correlation functions.
This approximation is su�cient for this diagnostic test as
the current KiDS area is relatively small such that for the
majority of scales the data are shot-noise dominated.

Focussing first on the measured E mode presented in
the upper panel of Fig. 22, the small e↵ect of removing the

4 percent of fields that failed the selection stage (§5.3) can
be seen, as well as the result of subsequent application of
the additive calibration correction (§5.4). The impact of this
two-step calibration can also be seen in the B-mode signal
(lower panel), which is consistent with zero on all scales,
demonstrating excellent control of systematic errors in shape
measurement with KiDS. Without the field selection or ad-
ditive ellipticity corrections, however, we find a significant
B-mode signal on scales ✓ > 100. In preparation for future
releases we are currently implementing a number of improve-
ments in both the data reduction pipeline, PSF modelling
and shape measurement analysis which are designed to re-
duce the significance of the calibration corrections on our
analysis.

To illustrate how the implemented blinding scheme
modified the results, Fig. 23 compares the E-mode mea-
sured from all four blindings, with the true shear measure-
ment indicated as the data point with Poisson error bars.
For comparison the E-mode signal expected from a range
of ⇤CDM cosmological models are also shown, using the ef-
fective weighted redshift distribution shown in Fig. 14, as
estimated from the weighted sum of the photometric red-
shift probability distributions p(z). The three cosmological
models use the Planck results from table 3 of Planck Col-
laboration et al. (2015a) showing the di↵erence between the
cosmology fit to the TT spectra (dashed) and EE spectra
(dotted) along with the best-fit CFHTLenS result (solid)
from Kilbinger et al. (2013).

7 CONCLUSIONS

In this paper we present the first lensing analysis of the
Kilo-Degree Survey (KiDS) data obtained at the VLT Sur-
vey Telescope (VST) at ESO’s Paranal Observatory. KiDS
is a multi-band survey specifically designed for weak lensing
tomography, that takes advantage of the very good image
quality at the VST. A particular advantage of the VST,
where the camera operates at an f/5 Cassegrain focus, com-
pared to much faster wide-field prime-focus cameras, is the
simplicity and generally low amplitude of the ellipticity pat-
tern, as well as the uniformity of the size of the point spread
function (PSF) over the full field of view.

The KiDS lensing analysis draws heavily on heritage
from the CFHTLenS project (Heymans et al. 2012), in par-
ticular in the use of Theli (Erben et al. 2013) and lensfit
(Miller et al. 2013) for measuring galaxy shapes (§3), and
bpz (Beńıtez 2000) for photometric redshifts (Hildebrandt
et al. 2012). As input for the photometric redshifts, aperture-
matched colours are derived from PSF Gaussianization of
the public data release of the Astro-WISE reduction of the
KiDS images (de Jong et al. 2015), and subsequent Gaussian
Aperture and PSF (GAaP) photometry. This procedure,
which was developed specifically for KiDS, is described in de-
tail in §4 and Appendix A. The resulting shear/photometric
redshift catalogues are available to the community (Ap-
pendix C), and form the basis of three companion scientific
analyses Sifón et al. 2015; Viola et al. 2015; van Uitert et al.,
in preparation) that exploit the overlap of these data with
the GAMA spectroscopic survey (Driver et al. 2011). The
KiDS lensing catalogues contain 8.88 galaxies per square ar-
cminute with non-zero lensing weight, cover an unmasked

MNRAS 000, 1–37 (2015)



KiDS cosmic shear
• ~500 sq. deg. are being analysed. 

• New version of lensfit (self-calibrating) with a large 
dedicated suite of image simulations. 

• Careful photo-z calibration and marginalisation 
over photo-z errors. 

• Advanced theoretical modelling including IA, 
baryons, neutrinos, super-sample covariance, etc.
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Results from KiDS+VIKING

• solid: data



Results from KiDS+VIKING

• solid: data 

• dotted: simulations



Redshift distributions

• Red: Simulation 

• Black: zCOSMOS



Results from KiDS+VIKING

• solid: data 

• dotted: simulations 

• dashed: weighted 
simulations



Other science with KiDS
• High-z QSO 

• Strong lensing 

• Cluster finding 

• Stellar density in the MW 

• MW halo satellites 

• …



Summary
• KiDS is a weak lensing survey with  

very high-quality data  
=> systematics well-controlled. 

• Early science exploiting the KiDS-GAMA overlap. 

• Cosmic shear becoming interesting with the 
growing data set. Full blinding implemented! 

• Modified gravity tests in combination with 2dFLenS.


