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KiD Outline
• Main question: “How much has the amplitude of large-

scale density fluctuations grown since decoupling?”    
Expected ΛCDM answer: a factor of ~ (1+zCMB) 

• Weak lensing as probe of large-scale structure & 
cosmology 

• KiDS and other surveys 
• S8 as a measure of LSS 
• The importance of accurate redshifts 
• Current results 
• Next steps 

• See Hendrik Hildebrandt’s talk on Tuesday for more on 
KiDS
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KiD Weak lensing as probe of LSS

• Weak lensing measures the distortion of images = 
derivative of observed angle θ w.r.t. unlensed angle β: 

• Strongest effect for distant sources, and lenses ~ halfway
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KiD Tomographic lensing by large-scale structure
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KiD Tomographic lensing by large-scale structure
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KiD Tomographic lensing by large-scale structure
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KiD Tomographic lensing by large-scale structure
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KiD Tomographic lensing by large-scale structure

• Statistical effect only detectable by looking for correlations 
in galaxy shapes 

• What do you need? 

• Weak lensing is sensitive to amount of clustered matter 

• measure a combination of Ωm and σ8. 
 7

Many galaxies to cosmological distances 

Sharp images to measure shapes 

Good (photometric) redshifts to measure Dl, Ds, etc.
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Many galaxies to cosmological distances 

Sharp images to measure shapes 

Good (photometric) redshifts to measure Dl, Ds, etc.

S8≡σ8 (Ωm/0.3)1/2



Three on-going weak lensing surveys
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DES KiDS HSC

total area 5000 1350 1400

telescope 4m CTIO 2.6m VST (opt) 
3.9m VISTA (IR) 8m SUBARU

image quality 0.9” 0.7” 0.6”

 inverse shear 
var arcmin-2 65-90 105 >200

bands grizy ugriZYJHK grizy

mean z 0.7 0.77 ~0.9

results so far 1300 deg2 (yr 1) 450 deg2 130 deg2

O(500) nights each!



KiD 2016: KiDS-450 cosmic shear results
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Hildebrandt et al. 2017, MNRAS 465, 1454

S8 = 0.745 ± 0.039
S8 = 0.834 ± 0.016

11±5% difference

S8≡σ8 (Ωm/0.3)1/2



KiD Tension?
• Statistical fluctuation 

• Shear calibration error 
• would have to be improbably high 

• Model uncertainties in the power spectrum? 
• intrinsic alignment of galaxies (contaminates lensing) 
• baryonic effects on the matter distribution 
• non-linear effects poorly modelled 

• Redshift (z) calibration error 
• Empirical calibration to spec-z; base photo-z on wide λ range 

• Focus of attention has shifted from shears to redshifts (for the 
current ground-based surveys)
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KiD What if the redshifts are biased?
• If source galaxies are at higher z than you think 

• there is more LSS in front of them:             shear ↗ 

• they lens more efficiently than you think:   shear ↗ 

• … so you infer a higher degree of clustering and S8. 

• Each effect scales as z~1—1.5 
• 2% bias of redshift gives 5% error on S8.
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KiD KiDS to KiDS+VIKING (KV)
• KiDS was based on 4-band, ugri photometric redshifts 
• KiDS+VIKING makes this 9 bands, ugriZYJHKs.
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Angus Wright et al.: 
arXiv:1812.06077
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• KiDS was based on 4-band, ugri photometric redshifts 
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KiD Results (see Hildebrandt talk tomorrow)

• Despite the changes, KV450 
constraints very close to 
KiDS-450. 

•   

• 2.3σ ‘tension’ with Planck: 

• The other surveys also find 
results below Planck!
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S8 = 0.737+0.040
−0.036

Min. χ2
181 = 180.6

Hendrik Hildebrandt et al.: 
arXiv:1812.06076



KiD Combined analysis with DES-Year 1
• KV450 cosmic shear result: 
• Allow z-dependence of intrinsic alignment: 

• Published DESY1 cosmic shear result:  
• DESY1 data using KV450 models, priors:  
• Replace DESY1 redshift calibrators 

(COSMOS2015) with spectroscopic 
sample used for KiDS:

• Combined posterior of the joint data set 

• Planck is 9.5±3.9% (2.5σ) higher 
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Shahab Joudaki et al.: 
arXiv:1906.09262

S8 = 0.734+0.043
−0.034

S8 = 0.737+0.040
−0.036

S8 = 0.778+0.030
−0.024

S8 = 0.793+0.037
−0.034

S8 = 0.763+0.037
−0.031

S8 = 0.762+0.025
−0.024



KiD In pictures:
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tial bootstrap resampling of the spectroscopic calibration sam-
ple and propagated in the cosmological analysis as ni(z) !
ni(z � �zi) (H18).

The DIR approach has been found to produce results consis-
tent with other n(z) estimation techniques, such as the angular
cross-correlation of photometric and spectroscopic galaxy sam-
ples (where the spectroscopic samples are obtained from over-
lapping wide and shallow surveys; Morrison et al. 2017; John-
son et al. 2017). In H18, it was also shown that the cosmological
constraints from KV450 are robust to the specific combination of
spectroscopic calibration samples used to obtain the DIR n(z) as
long as the spectroscopic datasets provide a su�cient coverage
in depth and redshift.

Both DES and HSC calibrate their redshift distributions with
a high-quality photometric redshift catalogue in the COSMOS
field (Laigle et al. 2016). Although both analyses account for
statistical uncertainties in the redshift distributions, here we ar-
gue that the systematic uncertainties might be underestimated
and could lead to a bias in the cosmological constraints due to
outliers in the COSMOS catalogue. As the DES-Y1 data are
slightly shallower than KiDS, which matches the depth of the
public spectroscopic redshift catalogues, we quantify this poten-
tial bias by spectroscopically calibrating the DES-Y1 redshift
distributions1. Using these newly determined n(z), we evaluate
the impact on the cosmological constraints, and perform a com-
bined cosmological analysis with KV450.

2. KV450 and DES-Y1 cosmological constraints
with a homogenized analysis

To meaningfully compare the cosmological constraints from
KV450 and DES-Y1, we begin by homogenizing the cosmo-
logical priors and treatment of astrophysical systematic uncer-
tainties (Fig. 1). We consider the KV450 and DES-Y1 measure-
ments and covariance in H18 and T18, respectively. We do not
remeasure the respective data vectors and covariance, and use
only the angular scales advocated in H18 and T18. As KV450
and DES-Y1 observations do not overlap on the sky, we treat the
two surveys as distinct.

The cosmological constraints on KV450 and DES-Y1 are
obtained using the CosmoLSS2 likelihood code (Joudaki et al.
2018) in a Markov Chain Monte Carlo (MCMC) analysis. This
code has been used to benchmark the LSST-DESC Core Cos-
mology Library’s (CCL; Chisari et al. 2019) computation of to-
mographic cosmic shear, galaxy-galaxy lensing, and galaxy clus-
tering observables. For completeness, we reproduced the Cos-
moLSS DES-Y1 constraints with both CosmoSIS (Zuntz et al.
2015) and the Planck Collaboration’s lensing likelihood in Cos-
moMC (Aghanim et al. 2018). In H18, we moreover showed that
the KV450 constraints from CosmoLSS, CosmoSIS, and Monte
Python (Audren et al. 2013) are in excellent agreement.

For both surveys, we implement the cosmological priors of
H18 (see Table 3 therein). In the case of DES-Y1, this includes
not only a change in the size of the parameter priors, but notably
also a change in the size of the parameter space by fixing the
sum of neutrino masses to 0.06 eV instead of varying it freely,
a change in the uniform sampling of As ! ln(1010As), and a
change from halofit (Takahashi et al. 2012) to hmcode (Mead
et al. 2015) for the modeling of the nonlinear corrections to the

1 The HSC-Y1 shear catalogues were not publicly released at the time
of this work, and their greater depth also makes a direct spectroscopic
calibration infeasible.
2 https://github.com/sjoudaki/CosmoLSS
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Fig. 1: Marginalized posterior contours in the S 8 –⌦m plane (in-
ner 68% CL, outer 95% CL). We show the KV450 constraints
in green (solid) using an analysis setup that follows H18, but
including an additional redshift dependence of the IA signal (de-
noted ‘KV450’). In black (dashed), we show the DES-Y1 con-
straints corresponding to the original T18 analysis, noting that
the sum of neutrino masses is varied in this analysis (and hence
the contour should not be directly compared with the orange
(solid) Planck 2018 contour where neutrino mass is fixed). The
blue (solid) contours show the DES-Y1 constraints where an
identical setup to the KV450 analysis is used (along with the
original DES-Y1 redshift distributions).

matter power spectrum. Compared to the fiducial DES-Y1 and
KV450 analyses, we also switch from Multinest (Feroz et al.
2009) to MCMC sampling of the parameter space. Following
H18, we allow baryonic feedback to modify the nonlinear matter
power spectrum. This does not particularly a↵ect the DES-Y1
constraints given the conservative scale cuts in T18. We keep the
shear calibration and photometric redshift uncertainties distinct
between the two surveys (given by Table 2 in T18 and Table 3 in
H18, respectively).

Conservatively, we allow KV450 and DES-Y1 to have inde-
pendent parameters governing the IA, using both an amplitude
and redshift dependence (as a result, in the combined KV450
+ DES-Y1 analysis there are 4 free IA parameters). We use a
pivot redshift of z0 = 0.3, in agreement with past KiDS analy-
ses and direct measurements of the IA (e.g. Mandelbaum et al.
2011; Joachimi et al. 2011). We find that the S 8 constraints are
robust to the specific treatment of the IA, such as removal of the
redshift dependence or by assuming that the IA parameters are
shared between the two surveys.

We compare the KV450 and DES-Y1 constraints with the
Planck 2018 cosmic microwave background (CMB) temperature
and polarization measurements (Aghanim et al. 2018)3, where
the ‘TT,TE,EE+lowE’ data combination gives S 8 = 0.834+0.016

�0.016.
We exclude the CMB lensing measurements to isolate the high-
redshift CMB temperature and polarization constraint on cos-
mology from the low-redshift Universe.
3 Our comparisons are against the public chains, as the Planck 2018
likelihood has not been publicly released. This is not fully self-
consistent given the mostly narrower prior ranges used by Planck (com-
pared to our KV450 and DES-Y1 runs), but has a negligible impact
given the constraining power of the Planck dataset.

Article number, page 2 of 6

Shahab Joudaki et al.: 
arXiv:1906.09262



KiD In pictures:
• KV450, DESY1 (same 

cosmology setup)
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tial bootstrap resampling of the spectroscopic calibration sam-
ple and propagated in the cosmological analysis as ni(z) !
ni(z � �zi) (H18).

The DIR approach has been found to produce results consis-
tent with other n(z) estimation techniques, such as the angular
cross-correlation of photometric and spectroscopic galaxy sam-
ples (where the spectroscopic samples are obtained from over-
lapping wide and shallow surveys; Morrison et al. 2017; John-
son et al. 2017). In H18, it was also shown that the cosmological
constraints from KV450 are robust to the specific combination of
spectroscopic calibration samples used to obtain the DIR n(z) as
long as the spectroscopic datasets provide a su�cient coverage
in depth and redshift.

Both DES and HSC calibrate their redshift distributions with
a high-quality photometric redshift catalogue in the COSMOS
field (Laigle et al. 2016). Although both analyses account for
statistical uncertainties in the redshift distributions, here we ar-
gue that the systematic uncertainties might be underestimated
and could lead to a bias in the cosmological constraints due to
outliers in the COSMOS catalogue. As the DES-Y1 data are
slightly shallower than KiDS, which matches the depth of the
public spectroscopic redshift catalogues, we quantify this poten-
tial bias by spectroscopically calibrating the DES-Y1 redshift
distributions1. Using these newly determined n(z), we evaluate
the impact on the cosmological constraints, and perform a com-
bined cosmological analysis with KV450.

2. KV450 and DES-Y1 cosmological constraints
with a homogenized analysis

To meaningfully compare the cosmological constraints from
KV450 and DES-Y1, we begin by homogenizing the cosmo-
logical priors and treatment of astrophysical systematic uncer-
tainties (Fig. 1). We consider the KV450 and DES-Y1 measure-
ments and covariance in H18 and T18, respectively. We do not
remeasure the respective data vectors and covariance, and use
only the angular scales advocated in H18 and T18. As KV450
and DES-Y1 observations do not overlap on the sky, we treat the
two surveys as distinct.

The cosmological constraints on KV450 and DES-Y1 are
obtained using the CosmoLSS2 likelihood code (Joudaki et al.
2018) in a Markov Chain Monte Carlo (MCMC) analysis. This
code has been used to benchmark the LSST-DESC Core Cos-
mology Library’s (CCL; Chisari et al. 2019) computation of to-
mographic cosmic shear, galaxy-galaxy lensing, and galaxy clus-
tering observables. For completeness, we reproduced the Cos-
moLSS DES-Y1 constraints with both CosmoSIS (Zuntz et al.
2015) and the Planck Collaboration’s lensing likelihood in Cos-
moMC (Aghanim et al. 2018). In H18, we moreover showed that
the KV450 constraints from CosmoLSS, CosmoSIS, and Monte
Python (Audren et al. 2013) are in excellent agreement.

For both surveys, we implement the cosmological priors of
H18 (see Table 3 therein). In the case of DES-Y1, this includes
not only a change in the size of the parameter priors, but notably
also a change in the size of the parameter space by fixing the
sum of neutrino masses to 0.06 eV instead of varying it freely,
a change in the uniform sampling of As ! ln(1010As), and a
change from halofit (Takahashi et al. 2012) to hmcode (Mead
et al. 2015) for the modeling of the nonlinear corrections to the

1 The HSC-Y1 shear catalogues were not publicly released at the time
of this work, and their greater depth also makes a direct spectroscopic
calibration infeasible.
2 https://github.com/sjoudaki/CosmoLSS
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Fig. 1: Marginalized posterior contours in the S 8 –⌦m plane (in-
ner 68% CL, outer 95% CL). We show the KV450 constraints
in green (solid) using an analysis setup that follows H18, but
including an additional redshift dependence of the IA signal (de-
noted ‘KV450’). In black (dashed), we show the DES-Y1 con-
straints corresponding to the original T18 analysis, noting that
the sum of neutrino masses is varied in this analysis (and hence
the contour should not be directly compared with the orange
(solid) Planck 2018 contour where neutrino mass is fixed). The
blue (solid) contours show the DES-Y1 constraints where an
identical setup to the KV450 analysis is used (along with the
original DES-Y1 redshift distributions).

matter power spectrum. Compared to the fiducial DES-Y1 and
KV450 analyses, we also switch from Multinest (Feroz et al.
2009) to MCMC sampling of the parameter space. Following
H18, we allow baryonic feedback to modify the nonlinear matter
power spectrum. This does not particularly a↵ect the DES-Y1
constraints given the conservative scale cuts in T18. We keep the
shear calibration and photometric redshift uncertainties distinct
between the two surveys (given by Table 2 in T18 and Table 3 in
H18, respectively).

Conservatively, we allow KV450 and DES-Y1 to have inde-
pendent parameters governing the IA, using both an amplitude
and redshift dependence (as a result, in the combined KV450
+ DES-Y1 analysis there are 4 free IA parameters). We use a
pivot redshift of z0 = 0.3, in agreement with past KiDS analy-
ses and direct measurements of the IA (e.g. Mandelbaum et al.
2011; Joachimi et al. 2011). We find that the S 8 constraints are
robust to the specific treatment of the IA, such as removal of the
redshift dependence or by assuming that the IA parameters are
shared between the two surveys.

We compare the KV450 and DES-Y1 constraints with the
Planck 2018 cosmic microwave background (CMB) temperature
and polarization measurements (Aghanim et al. 2018)3, where
the ‘TT,TE,EE+lowE’ data combination gives S 8 = 0.834+0.016

�0.016.
We exclude the CMB lensing measurements to isolate the high-
redshift CMB temperature and polarization constraint on cos-
mology from the low-redshift Universe.
3 Our comparisons are against the public chains, as the Planck 2018
likelihood has not been publicly released. This is not fully self-
consistent given the mostly narrower prior ranges used by Planck (com-
pared to our KV450 and DES-Y1 runs), but has a negligible impact
given the constraining power of the Planck dataset.

Article number, page 2 of 6

Shahab Joudaki et al.: 
arXiv:1906.09262



KiD In pictures:
• KV450, DESY1 (same 

cosmology setup)

• KV450, DESY1 (using 
same z-calibration) & 
combined
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tial bootstrap resampling of the spectroscopic calibration sam-
ple and propagated in the cosmological analysis as ni(z) !
ni(z � �zi) (H18).

The DIR approach has been found to produce results consis-
tent with other n(z) estimation techniques, such as the angular
cross-correlation of photometric and spectroscopic galaxy sam-
ples (where the spectroscopic samples are obtained from over-
lapping wide and shallow surveys; Morrison et al. 2017; John-
son et al. 2017). In H18, it was also shown that the cosmological
constraints from KV450 are robust to the specific combination of
spectroscopic calibration samples used to obtain the DIR n(z) as
long as the spectroscopic datasets provide a su�cient coverage
in depth and redshift.

Both DES and HSC calibrate their redshift distributions with
a high-quality photometric redshift catalogue in the COSMOS
field (Laigle et al. 2016). Although both analyses account for
statistical uncertainties in the redshift distributions, here we ar-
gue that the systematic uncertainties might be underestimated
and could lead to a bias in the cosmological constraints due to
outliers in the COSMOS catalogue. As the DES-Y1 data are
slightly shallower than KiDS, which matches the depth of the
public spectroscopic redshift catalogues, we quantify this poten-
tial bias by spectroscopically calibrating the DES-Y1 redshift
distributions1. Using these newly determined n(z), we evaluate
the impact on the cosmological constraints, and perform a com-
bined cosmological analysis with KV450.

2. KV450 and DES-Y1 cosmological constraints
with a homogenized analysis

To meaningfully compare the cosmological constraints from
KV450 and DES-Y1, we begin by homogenizing the cosmo-
logical priors and treatment of astrophysical systematic uncer-
tainties (Fig. 1). We consider the KV450 and DES-Y1 measure-
ments and covariance in H18 and T18, respectively. We do not
remeasure the respective data vectors and covariance, and use
only the angular scales advocated in H18 and T18. As KV450
and DES-Y1 observations do not overlap on the sky, we treat the
two surveys as distinct.

The cosmological constraints on KV450 and DES-Y1 are
obtained using the CosmoLSS2 likelihood code (Joudaki et al.
2018) in a Markov Chain Monte Carlo (MCMC) analysis. This
code has been used to benchmark the LSST-DESC Core Cos-
mology Library’s (CCL; Chisari et al. 2019) computation of to-
mographic cosmic shear, galaxy-galaxy lensing, and galaxy clus-
tering observables. For completeness, we reproduced the Cos-
moLSS DES-Y1 constraints with both CosmoSIS (Zuntz et al.
2015) and the Planck Collaboration’s lensing likelihood in Cos-
moMC (Aghanim et al. 2018). In H18, we moreover showed that
the KV450 constraints from CosmoLSS, CosmoSIS, and Monte
Python (Audren et al. 2013) are in excellent agreement.

For both surveys, we implement the cosmological priors of
H18 (see Table 3 therein). In the case of DES-Y1, this includes
not only a change in the size of the parameter priors, but notably
also a change in the size of the parameter space by fixing the
sum of neutrino masses to 0.06 eV instead of varying it freely,
a change in the uniform sampling of As ! ln(1010As), and a
change from halofit (Takahashi et al. 2012) to hmcode (Mead
et al. 2015) for the modeling of the nonlinear corrections to the

1 The HSC-Y1 shear catalogues were not publicly released at the time
of this work, and their greater depth also makes a direct spectroscopic
calibration infeasible.
2 https://github.com/sjoudaki/CosmoLSS
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Fig. 1: Marginalized posterior contours in the S 8 –⌦m plane (in-
ner 68% CL, outer 95% CL). We show the KV450 constraints
in green (solid) using an analysis setup that follows H18, but
including an additional redshift dependence of the IA signal (de-
noted ‘KV450’). In black (dashed), we show the DES-Y1 con-
straints corresponding to the original T18 analysis, noting that
the sum of neutrino masses is varied in this analysis (and hence
the contour should not be directly compared with the orange
(solid) Planck 2018 contour where neutrino mass is fixed). The
blue (solid) contours show the DES-Y1 constraints where an
identical setup to the KV450 analysis is used (along with the
original DES-Y1 redshift distributions).

matter power spectrum. Compared to the fiducial DES-Y1 and
KV450 analyses, we also switch from Multinest (Feroz et al.
2009) to MCMC sampling of the parameter space. Following
H18, we allow baryonic feedback to modify the nonlinear matter
power spectrum. This does not particularly a↵ect the DES-Y1
constraints given the conservative scale cuts in T18. We keep the
shear calibration and photometric redshift uncertainties distinct
between the two surveys (given by Table 2 in T18 and Table 3 in
H18, respectively).

Conservatively, we allow KV450 and DES-Y1 to have inde-
pendent parameters governing the IA, using both an amplitude
and redshift dependence (as a result, in the combined KV450
+ DES-Y1 analysis there are 4 free IA parameters). We use a
pivot redshift of z0 = 0.3, in agreement with past KiDS analy-
ses and direct measurements of the IA (e.g. Mandelbaum et al.
2011; Joachimi et al. 2011). We find that the S 8 constraints are
robust to the specific treatment of the IA, such as removal of the
redshift dependence or by assuming that the IA parameters are
shared between the two surveys.

We compare the KV450 and DES-Y1 constraints with the
Planck 2018 cosmic microwave background (CMB) temperature
and polarization measurements (Aghanim et al. 2018)3, where
the ‘TT,TE,EE+lowE’ data combination gives S 8 = 0.834+0.016

�0.016.
We exclude the CMB lensing measurements to isolate the high-
redshift CMB temperature and polarization constraint on cos-
mology from the low-redshift Universe.
3 Our comparisons are against the public chains, as the Planck 2018
likelihood has not been publicly released. This is not fully self-
consistent given the mostly narrower prior ranges used by Planck (com-
pared to our KV450 and DES-Y1 runs), but has a negligible impact
given the constraining power of the Planck dataset.
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Table 1: DES-Y1 mean redshifts of the four tomographic bins
calibrated with COSMOS-2015 (T18) and spectroscopic red-
shifts (this work). The spectroscopic calibration consistently
favors distributions with larger mean redshifts compared to
COSMOS-2015 (the same is found for the median redshifts).

Tom. COSMOS-2015 Spec-z (DIR)
bin < z > < z >
1 0.389 ± 0.016 0.403 ± 0.008
2 0.507 ± 0.013 0.560 ± 0.014
3 0.753 ± 0.011 0.773 ± 0.011
4 0.949 ± 0.022 0.984 ± 0.009

shifts for the combined spectroscopic calibration sample6. The
outliers in the COSMOS-2015 photo-z are problematic because
their e↵ect is most probably asymmetric. Outliers that are truly
objects at high-z but are assigned a low COSMOS-2015 photo-z
are more likely to fall inside the DES-Y1 tomographic bins than
outliers that are bona-fide low-z galaxies but are assigned a high
COSMOS-2015 photo-z. Additionally, the bias in the core of the
zspec � zphot distribution is in the same direction, i.e. overall the
redshifts are underestimated by the COSMOS-2015 photo-z.

In the DES-Y1 analyses, the case is made that a spectro-
scopic determination of the source redshift distributions would
not be su�ciently accurate due to the incompleteness of the
existing spectroscopic surveys at the faint end of the DES ob-
servations (Hoyle et al. 2018). We find, however, that even the
deeper KV450 source sample is well covered by our spectro-
scopic compilation, implying that the coverage should also be
su�cient for the calibration of the DES-Y1 sample. This is con-
firmed by a SOM approach to redshift calibration (Masters et al.
2015) that will be presented in Wright et al. (in prep.). DES-
Y1 overlaps with almost the same deep spectroscopic redshift
surveys that were used by H18. As shown in Fig. 2 (inset), this
overlap contains some 30,000 objects with spectroscopic red-
shifts from zCOSMOS (Lilly et al. 2009), the DEEP2 Redshift
Survey (Newman et al. 2013), the VIMOS VLT Deep Survey
(VVDS; Le Fèvre et al. 2013), and the Chandra Deep Field South
(CDFS; Vanzella et al. 2008; Popesso et al. 2009; Balestra et al.
2010; Le Fèvre et al. 2013). We find that the KV450 source
sample is well covered as long as spectroscopic redshifts from
DEEP2 – the highest-redshift calibration survey – are included
and the same is true for DES-Y1.

The KV450 and DES-Y1 spectroscopic calibration samples
used here di↵er in detail: DES-Y1 overlaps on the sky with
VVDS in both the Deep (2h) and Wide (22h) fields compared
to only the Deep (2h) field for KV450, and the DES-Y1 calibra-
tion does not include the 23h field of DEEP2 and the GAMA-
G15Deep sample (Kafle et al. 2018) which are included in the
KV450 calibration. Overall, we obtain the DES-Y1 and KV450
redshift distributions using five and six spectroscopic calibration
samples, respectively, of which four are identical7. Note that no
shear data from these calibration fields are used in both the KiDS
and DES cosmological analyses, maintaining independence in
the measured shear correlation functions from the two surveys.

Figure 2 shows that the spectroscopic calibration shifts DES-
Y1 redshift distributions to higher redshifts compared to the
original photo-z recalibration with COSMOS-2015, consistent
6 We show that the change in the estimated redshift distributions from
catastrophic spec-z failures in the spectroscopic compilation is negligi-
ble in Wright et al. (in prep.).
7 Note that the exact area in each of these fields di↵ers slightly between
surveys because of the di↵erent footprints of KiDS and DES.
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Fig. 3: Marginalized posterior contours in the S 8 – ⌦m plane
(inner 68% CL, outer 95% CL) for KV450 (green), DES-Y1 fol-
lowing a spectroscopic calibration of the redshift distributions
and identical setup to the KV450 analysis (purple), the above
combined (pink), and Planck 2018 (orange).

with the findings of H18. Mean redshifts of the four tomographic
bins are reported in Table 1 for both cases. The spectroscopically
determined distributions peak closer to the centre of the corre-
sponding tomographic bins, and contain higher-redshift galax-
ies. These shifts between the spectroscopically estimated and
published DES-Y1 n(z) are significant because of their coher-
ence, i.e. all tomographic bins shift in the same direction. We
emphasize that widening the priors on the uncorrelated �zi nui-
sance parameters cannot account for such a coherent shift as this
is fully degenerate with the cosmological parameters of interest
(see the discussion at the end of section 3 in H18).

4. Cosmological impact of DES-Y1 n(z) recalibration
and combined constraints with KV450

We now quantify the impact of the spectroscopic calibration of
the DES-Y1 redshift distributions on the cosmological parame-
ter constraints. As it is now on an equal footing with KV450,
we moreover perform a combined analysis of the two surveys,
shown in Fig. 3.

The DES-Y1 constraint following the spectroscopic calibra-
tion of the redshift distributions is S 8 = 0.763+0.037

�0.031. Compared
to using the original redshift distributions, this is a change in
the posterior mean by �S 8 = �0.030 and a marginal (5%) im-
provement in the S 8 uncertainty. We verified that this shift in S 8
is largely recovered by coherently shifting the original DES-Y1
redshift distributions by the �zi di↵erence with the spectroscop-
ically calibrated distributions as reported in Table 1 (i.e. changes
in the structure of the ni(z) have a subdominant impact on S 8).
This substantial change in the DES-Y1 constraint highlights the
importance of the redshift calibration. The size of �S 8 corre-
sponds to a 0.8� shift in terms of the larger DES uncertainty
in the KV450 setup, and a 1.1� shift in terms of the original
DES-Y1 uncertainty quoted in T18. The DES-Y1 constraint us-
ing a KV450 analysis setup and spectroscopically calibrated red-
shift distributions is di↵erent from the Planck 2018 constraint on
S 8 by 1.9�. The goodness of fit with the spectroscopically cali-
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tial bootstrap resampling of the spectroscopic calibration sam-
ple and propagated in the cosmological analysis as ni(z) !
ni(z � �zi) (H18).

The DIR approach has been found to produce results consis-
tent with other n(z) estimation techniques, such as the angular
cross-correlation of photometric and spectroscopic galaxy sam-
ples (where the spectroscopic samples are obtained from over-
lapping wide and shallow surveys; Morrison et al. 2017; John-
son et al. 2017). In H18, it was also shown that the cosmological
constraints from KV450 are robust to the specific combination of
spectroscopic calibration samples used to obtain the DIR n(z) as
long as the spectroscopic datasets provide a su�cient coverage
in depth and redshift.

Both DES and HSC calibrate their redshift distributions with
a high-quality photometric redshift catalogue in the COSMOS
field (Laigle et al. 2016). Although both analyses account for
statistical uncertainties in the redshift distributions, here we ar-
gue that the systematic uncertainties might be underestimated
and could lead to a bias in the cosmological constraints due to
outliers in the COSMOS catalogue. As the DES-Y1 data are
slightly shallower than KiDS, which matches the depth of the
public spectroscopic redshift catalogues, we quantify this poten-
tial bias by spectroscopically calibrating the DES-Y1 redshift
distributions1. Using these newly determined n(z), we evaluate
the impact on the cosmological constraints, and perform a com-
bined cosmological analysis with KV450.

2. KV450 and DES-Y1 cosmological constraints
with a homogenized analysis

To meaningfully compare the cosmological constraints from
KV450 and DES-Y1, we begin by homogenizing the cosmo-
logical priors and treatment of astrophysical systematic uncer-
tainties (Fig. 1). We consider the KV450 and DES-Y1 measure-
ments and covariance in H18 and T18, respectively. We do not
remeasure the respective data vectors and covariance, and use
only the angular scales advocated in H18 and T18. As KV450
and DES-Y1 observations do not overlap on the sky, we treat the
two surveys as distinct.

The cosmological constraints on KV450 and DES-Y1 are
obtained using the CosmoLSS2 likelihood code (Joudaki et al.
2018) in a Markov Chain Monte Carlo (MCMC) analysis. This
code has been used to benchmark the LSST-DESC Core Cos-
mology Library’s (CCL; Chisari et al. 2019) computation of to-
mographic cosmic shear, galaxy-galaxy lensing, and galaxy clus-
tering observables. For completeness, we reproduced the Cos-
moLSS DES-Y1 constraints with both CosmoSIS (Zuntz et al.
2015) and the Planck Collaboration’s lensing likelihood in Cos-
moMC (Aghanim et al. 2018). In H18, we moreover showed that
the KV450 constraints from CosmoLSS, CosmoSIS, and Monte
Python (Audren et al. 2013) are in excellent agreement.

For both surveys, we implement the cosmological priors of
H18 (see Table 3 therein). In the case of DES-Y1, this includes
not only a change in the size of the parameter priors, but notably
also a change in the size of the parameter space by fixing the
sum of neutrino masses to 0.06 eV instead of varying it freely,
a change in the uniform sampling of As ! ln(1010As), and a
change from halofit (Takahashi et al. 2012) to hmcode (Mead
et al. 2015) for the modeling of the nonlinear corrections to the

1 The HSC-Y1 shear catalogues were not publicly released at the time
of this work, and their greater depth also makes a direct spectroscopic
calibration infeasible.
2 https://github.com/sjoudaki/CosmoLSS
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Fig. 1: Marginalized posterior contours in the S 8 –⌦m plane (in-
ner 68% CL, outer 95% CL). We show the KV450 constraints
in green (solid) using an analysis setup that follows H18, but
including an additional redshift dependence of the IA signal (de-
noted ‘KV450’). In black (dashed), we show the DES-Y1 con-
straints corresponding to the original T18 analysis, noting that
the sum of neutrino masses is varied in this analysis (and hence
the contour should not be directly compared with the orange
(solid) Planck 2018 contour where neutrino mass is fixed). The
blue (solid) contours show the DES-Y1 constraints where an
identical setup to the KV450 analysis is used (along with the
original DES-Y1 redshift distributions).

matter power spectrum. Compared to the fiducial DES-Y1 and
KV450 analyses, we also switch from Multinest (Feroz et al.
2009) to MCMC sampling of the parameter space. Following
H18, we allow baryonic feedback to modify the nonlinear matter
power spectrum. This does not particularly a↵ect the DES-Y1
constraints given the conservative scale cuts in T18. We keep the
shear calibration and photometric redshift uncertainties distinct
between the two surveys (given by Table 2 in T18 and Table 3 in
H18, respectively).

Conservatively, we allow KV450 and DES-Y1 to have inde-
pendent parameters governing the IA, using both an amplitude
and redshift dependence (as a result, in the combined KV450
+ DES-Y1 analysis there are 4 free IA parameters). We use a
pivot redshift of z0 = 0.3, in agreement with past KiDS analy-
ses and direct measurements of the IA (e.g. Mandelbaum et al.
2011; Joachimi et al. 2011). We find that the S 8 constraints are
robust to the specific treatment of the IA, such as removal of the
redshift dependence or by assuming that the IA parameters are
shared between the two surveys.

We compare the KV450 and DES-Y1 constraints with the
Planck 2018 cosmic microwave background (CMB) temperature
and polarization measurements (Aghanim et al. 2018)3, where
the ‘TT,TE,EE+lowE’ data combination gives S 8 = 0.834+0.016

�0.016.
We exclude the CMB lensing measurements to isolate the high-
redshift CMB temperature and polarization constraint on cos-
mology from the low-redshift Universe.
3 Our comparisons are against the public chains, as the Planck 2018
likelihood has not been publicly released. This is not fully self-
consistent given the mostly narrower prior ranges used by Planck (com-
pared to our KV450 and DES-Y1 runs), but has a negligible impact
given the constraining power of the Planck dataset.
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Table 1: DES-Y1 mean redshifts of the four tomographic bins
calibrated with COSMOS-2015 (T18) and spectroscopic red-
shifts (this work). The spectroscopic calibration consistently
favors distributions with larger mean redshifts compared to
COSMOS-2015 (the same is found for the median redshifts).

Tom. COSMOS-2015 Spec-z (DIR)
bin < z > < z >
1 0.389 ± 0.016 0.403 ± 0.008
2 0.507 ± 0.013 0.560 ± 0.014
3 0.753 ± 0.011 0.773 ± 0.011
4 0.949 ± 0.022 0.984 ± 0.009

shifts for the combined spectroscopic calibration sample6. The
outliers in the COSMOS-2015 photo-z are problematic because
their e↵ect is most probably asymmetric. Outliers that are truly
objects at high-z but are assigned a low COSMOS-2015 photo-z
are more likely to fall inside the DES-Y1 tomographic bins than
outliers that are bona-fide low-z galaxies but are assigned a high
COSMOS-2015 photo-z. Additionally, the bias in the core of the
zspec � zphot distribution is in the same direction, i.e. overall the
redshifts are underestimated by the COSMOS-2015 photo-z.

In the DES-Y1 analyses, the case is made that a spectro-
scopic determination of the source redshift distributions would
not be su�ciently accurate due to the incompleteness of the
existing spectroscopic surveys at the faint end of the DES ob-
servations (Hoyle et al. 2018). We find, however, that even the
deeper KV450 source sample is well covered by our spectro-
scopic compilation, implying that the coverage should also be
su�cient for the calibration of the DES-Y1 sample. This is con-
firmed by a SOM approach to redshift calibration (Masters et al.
2015) that will be presented in Wright et al. (in prep.). DES-
Y1 overlaps with almost the same deep spectroscopic redshift
surveys that were used by H18. As shown in Fig. 2 (inset), this
overlap contains some 30,000 objects with spectroscopic red-
shifts from zCOSMOS (Lilly et al. 2009), the DEEP2 Redshift
Survey (Newman et al. 2013), the VIMOS VLT Deep Survey
(VVDS; Le Fèvre et al. 2013), and the Chandra Deep Field South
(CDFS; Vanzella et al. 2008; Popesso et al. 2009; Balestra et al.
2010; Le Fèvre et al. 2013). We find that the KV450 source
sample is well covered as long as spectroscopic redshifts from
DEEP2 – the highest-redshift calibration survey – are included
and the same is true for DES-Y1.

The KV450 and DES-Y1 spectroscopic calibration samples
used here di↵er in detail: DES-Y1 overlaps on the sky with
VVDS in both the Deep (2h) and Wide (22h) fields compared
to only the Deep (2h) field for KV450, and the DES-Y1 calibra-
tion does not include the 23h field of DEEP2 and the GAMA-
G15Deep sample (Kafle et al. 2018) which are included in the
KV450 calibration. Overall, we obtain the DES-Y1 and KV450
redshift distributions using five and six spectroscopic calibration
samples, respectively, of which four are identical7. Note that no
shear data from these calibration fields are used in both the KiDS
and DES cosmological analyses, maintaining independence in
the measured shear correlation functions from the two surveys.

Figure 2 shows that the spectroscopic calibration shifts DES-
Y1 redshift distributions to higher redshifts compared to the
original photo-z recalibration with COSMOS-2015, consistent
6 We show that the change in the estimated redshift distributions from
catastrophic spec-z failures in the spectroscopic compilation is negligi-
ble in Wright et al. (in prep.).
7 Note that the exact area in each of these fields di↵ers slightly between
surveys because of the di↵erent footprints of KiDS and DES.
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Fig. 3: Marginalized posterior contours in the S 8 – ⌦m plane
(inner 68% CL, outer 95% CL) for KV450 (green), DES-Y1 fol-
lowing a spectroscopic calibration of the redshift distributions
and identical setup to the KV450 analysis (purple), the above
combined (pink), and Planck 2018 (orange).

with the findings of H18. Mean redshifts of the four tomographic
bins are reported in Table 1 for both cases. The spectroscopically
determined distributions peak closer to the centre of the corre-
sponding tomographic bins, and contain higher-redshift galax-
ies. These shifts between the spectroscopically estimated and
published DES-Y1 n(z) are significant because of their coher-
ence, i.e. all tomographic bins shift in the same direction. We
emphasize that widening the priors on the uncorrelated �zi nui-
sance parameters cannot account for such a coherent shift as this
is fully degenerate with the cosmological parameters of interest
(see the discussion at the end of section 3 in H18).

4. Cosmological impact of DES-Y1 n(z) recalibration
and combined constraints with KV450

We now quantify the impact of the spectroscopic calibration of
the DES-Y1 redshift distributions on the cosmological parame-
ter constraints. As it is now on an equal footing with KV450,
we moreover perform a combined analysis of the two surveys,
shown in Fig. 3.

The DES-Y1 constraint following the spectroscopic calibra-
tion of the redshift distributions is S 8 = 0.763+0.037

�0.031. Compared
to using the original redshift distributions, this is a change in
the posterior mean by �S 8 = �0.030 and a marginal (5%) im-
provement in the S 8 uncertainty. We verified that this shift in S 8
is largely recovered by coherently shifting the original DES-Y1
redshift distributions by the �zi di↵erence with the spectroscop-
ically calibrated distributions as reported in Table 1 (i.e. changes
in the structure of the ni(z) have a subdominant impact on S 8).
This substantial change in the DES-Y1 constraint highlights the
importance of the redshift calibration. The size of �S 8 corre-
sponds to a 0.8� shift in terms of the larger DES uncertainty
in the KV450 setup, and a 1.1� shift in terms of the original
DES-Y1 uncertainty quoted in T18. The DES-Y1 constraint us-
ing a KV450 analysis setup and spectroscopically calibrated red-
shift distributions is di↵erent from the Planck 2018 constraint on
S 8 by 1.9�. The goodness of fit with the spectroscopically cali-
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correlation functions that better 
separate k-scales, as well as E 
and B modes) gives even tighter 
constraints (and 3.2σ significant 
tension, 10.5±3.4% below Planck)

S8 = 0.755+0.019
−0.021
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Fig. 5. KV450 analysis results with COSEBIs (green), DES-Y1 results with H19 setup and DIR spectroscopically calibrated redshifts (orange-
yellow) and their joint analysis (pink). Red contours show the Planck legacy results for TT,TE,EE+lowE. Constraints on�8 and⌦m are shown in the
left panel, while the right panel shows results for S 8 = �8(⌦m/0.3)0.5 and⌦m. KV450 constraints for S 8 = 0.737+0.036

�0.038, DES-Y1 S 8 = 0.755±0.023
and their joint constraint is S 8 = 0.755+0.019

�0.021 which is in 3.2� tension with the Planck constraints S 8 = 0.834 ± 0.016.

DES-Y1 data. We analysed each dataset separately and found
good agreement with their primary analyses that employed
shear two-point correlation functions. We homogenised the pri-
ors, nonlinear modelling and redshift calibration between these
two datasets and finally combined them assuming no cross-
correlations to get joint constraints on the parameters. Both H19
and T18 made scale cuts in their analysis to avoid small scale ef-
fects, such as baryon feedback. T18 included conservative cuts,
removing the necessity to model and marginalise over baryon
feedback. Here we showed that COSEBIs are considerably less
sensitive to small physical scales and are therefore less a↵ected
by the impact of baryon feedback on the matter power spectrum,
in contrast to ⇠±. In addition, COSEBIs, much like ⇠�, are in-
sensitive to a constant shear bias. Consequently, we were able to
use COSEBIs measurements on the angular range of [0.50, 2500]
and [0.50, 3000] for DES and KiDS, respectively. This extended
range of scales tightened the confidence region for S 8 derived
from DES-Y1 data by 17% compared to the analysis of T18. For
KV450 we use the same angular range as H19 when considering
the combination of both 2PCFs, [0.50, 3000], and therefore find
very similar results with a reduction of 3% for S 8 confidence
regions with our COSEBIs analysis.

For the DES-Y1 analysis we explored three setups: 1) T18
setup with DES bpz redshift distributions, 2) H19 setup with
DES bpz redshift distributions and 3) H19 setup with DIR spec-
troscopically calibrated redshift distributions. The first case cor-
responds to the setup used in Troxel et al. (2018b) and the H19
setup matches Hildebrandt et al. (2018). H19 demonstrated that
if the redshift distributions of galaxies are not calibrated with
su�ciently deep spectroscopic surveys, the resulting cosmolog-
ical analysis can be shifted towards larger values of S 8. This can
be true even if we allow for uncorrelated additive redshift cali-
bration parameters for each tomographic bin in the analysis, as

the calibration error is typically correlated between redshift bins.
We therefore chose to analyse the data with the DIR spectroscop-
ically calibrated redshift distributions. For our joint analysis, we
needed to make a decision for the set of parameters and priors to
be sampled, where we chose to follow the H19 setup for both sur-
veys following Joudaki et al. (2019). Therefore, setup 2 was de-
signed to isolate the e↵ect of moving from the T18 setup to one
matching H19. We find that setup 1 results in S 8 = 0.779+0.018

�0.038,
setup 2 shifts S 8 to larger values: 0.784+0.025

�0.024 and the outcome of
setup 3 which is our fiducial analysis is S 8 = 0.755 ± 0.023. We
note here that the constraints on ⌦m and �8 are a↵ected by the
choice of priors, which is an interesting topic to be investigated
in the future.

Our joint analysis of DES-Y1 and KV450, assuming flat
⇤CDM, results in S 8 = 0.755+0.019

�0.021 which is in 3.2� tension with
the Planck Legacy result (TT,TE,EE+lowE), S 8 = 0.834±0.016.
Joudaki et al. (2019) drew the same conclusion when combining
DES-Y1 and KV450 using ⇠±, S 8 = 0.762+0.025

�0.024 which is in good
agreement with our analysis (2.5� discrepancy with Planck).
Since we include small angular scales in our analysis we obtain
tighter constraints and as such a more significant tension with
the Planck results. This with the fact that we use COSEBIs in-
stead of 2PCFs in our analysis explains the di↵erences between
our results. In particular, the COSEBIs analysis of DES-Y1 data
shows a stronger preference for smaller values of ⌦m compared
to the 2PCFs analysis of Joudaki et al. (2019).

Planck data are mostly sensitive to early Universe physics,
while our cosmic shear analyses probe much lower redshifts
(z . 1.5). It should be noted that cosmic shear is not the only
probe that is in tension with Planck results. In fact, currently
the largest deviation from Planck results are the H0 measure-
ment of Riess et al. (2019) showing a 4.4� discrepancy (see also
Wong et al. 2019, for constraints from strong gravitational lens-
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KiD CONCLUSIONS
• Weak lensing cosmic shear is testing ΛCDM at the few 

percent level with surveys like KiDS, DES, HSC 
• and LSST, Euclid, WFIRST in future 

• Intriguing discrepancies are getting persistent 
• S8 values ~10% below Planck, at 2-3σ significance 

• Photometric redshift biases are key (and hard!) 
• this will be a big challenge for deeper surveys 

• This is still the beginning:  
• KiDS 450 → 1350 sqdeg 
• DES-Y1 → Y5 
• HSC 137 → 1400 sqdeg
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