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KiD 2016: KiDS-450 —> 2018: KV450
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KiD The Kilo-Degree Survey: basic stats
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Final area 1350 deg2  

Lensing images (r): 

Seeing 0.7”  
Depth 25m (5σ AB)  
PSF Ellipticity 0.03 
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KiD Image quality

• Median 0.7” 

• PSF ellipticity low 

• Image scale constant 

• Benign PSF patterns
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KiD Shear measurements
• Lensfit  

• forward modelling code,  

• simultaneous fit to all sub-exposures with individual 
PSFs,  

• likelihood function for each source ellipticity. 

• Self-calibration (response of best-fit model to shear) 

• Calibration verified with realistic image simulations

• Conservative estimate of systematic shear calibration 
error: 2%.
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Arun Kannawadi et al.: 
arXiv:1812.03983



KiD Photometric redshifts
• KiDS-450: u+g+r+i GAaP photometry 

• Classify into tomographic bins using BPZ, then estimate n(z) 

• DIRect reweighting of deep spec-z catalogues to match 4-D 
magnitude distributions 

• Only works if : 

• mag. space covered  

• r<~24 (C3R2) 

• Relation unique
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KiD Photometric redshifts - KV450

• Include 5-band VIKING survey ZYJHKs (depth 23-21, 5σ)
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Angus Wright et al.: 
arXiv:1812.06077



KiD Benefits of adding near-IR
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KiD KV450 tomographic bins
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KiD KV450 tomographic bins

 10

Suppress high-z tail in bin 1
New high-z bin 5



KiD KV450 tomographic bins
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Clustering 
Redshifts



KiD Shear ratio test
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KiD 

• Improved c-term correction (weak ellipticity dependence on 
PSF magnitude) 

• Demonstrate with COSEBI’s 

B modes
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Marika Asgari et al.: 
arXiv:1810.02353

COSEBI n=1..nmax



KiD Shear correlation functions ξ±

• (fixed error in bin centres of correlation functions)
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KiD Modelling ingredients

• Power spectrum incl. ν, baryonic effects (CLASS, HMcode) 

• n(z)    — blinded (3 sets: truth + 2 sabotaged) 

• Intrinsic alignment (non-linear linear model)

• Error params (redshift shifts, shear calibration errors) 

• Integrate over θ bins 

• Covariance matrix 

• Priors 

• Two cosmology pipelines
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ing the CosmoLSS10 software developed for H17 and also a third
implementation using CosmoSIS (Zuntz et al. 2015).

6.1. Cosmic shear signal

The estimated quantities ⇠̂± (Eq. 4) are directly related to cosmo-
logical theory and can be modelled via
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where J0,4 are Bessel functions of the first kind, P is the conver-
gence power spectrum, and i and j are the indices of the tomo-
graphic bins that are being cross-correlated. Using the Kaiser-
Limber equation and the Born approximation one finds
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with P� being the non-linear matter power spectrum, � being the
comoving distance, �H the comoving horizon distance, and q the
lensing e�ciency
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which depends on the redshift distribution of the sources
ni(z)dz = n�,i(�)d�. The integral over the redshift distribution
is carried out by linearly interpolating the mid-points of the his-
togram (bin width �z = 0.05) that comes out of the DIR calibra-
tion method.

The total matter power spectrum is estimated with the
Boltzmann-code CLASS (Blas et al. 2011; Audren & Lesgour-
gues 2011; Lesgourgues & Tram 2011) with non-linear correc-
tions from HMCode (Mead et al. 2015). The e↵ect of massive
neutrinos is included in the HMCode calculation (Mead et al.
2016). We assume two massless neutrinos and one massive neu-
trino fixing the neutrino mass of this massive neutrino at the
minimal mass of m = 0.06 eV. We do not marginalise over any
uncertainty in the neutrino mass in our fiducial setup but addi-
tionally report results for m = 0 eV and m = 0.26 eV, the lat-
ter corresponding to the 95% upper limit from Planck-Legacy
(TT,TE,EE+lowE; Planck Collaboration et al. 2018).

Our CLASS and MontePython setup probes a slightly dif-
ferent parameter space than CAMB and CosmoMC (Lewis et al.
2000; Lewis & Bridle 2002) that were used for the CosmoLSS
pipeline of H17. Here we use as our five primary cosmolog-
ical parameters the cold-dark-matter density parameter ⌦CDM,
the scalar power spectrum amplitude ln(1010

As), the baryon den-
sity parameter ⌦b, the scalar power spectrum index ns, and the
scaled Hubble parameter h. The priors on these parameters are
equivalent to the ones in H17 and reported in Table 3. Several
of these priors are informative because cosmic shear alone can-
not constrain some of the parameters su�ciently well. How-
ever, we take care to include all state-of-the-art measurements
in the prior ranges, e.g. distance-ladder measurements as well
as Planck CMB results in the prior for h, CMB as well as big-
bang-nucleosynthesis results for ⌦bh

2. For a full discussion of
the priors, see section 6 of H17 and Joudaki et al. (2017a).

Values for other cosmological parameters of interest, e.g.
⌦m, �8, and S 8, and their marginal errors are calculated from
the chains after convergence.

10 https://github.com/sjoudaki/cosmolss

Table 3. Model parameters and their priors for the KV450 cosmic shear
analysis.

Parameter Symbol Prior
CDM density ⌦CDMh

2 [0.01, 0.99]
Scalar spectrum ampl. ln(1010

As) [1.5, 5.0]
Baryon density ⌦bh

2 [0.019, 0.026]
Scalar spectral index ns [0.7, 1.3]
Hubble parameter h [0.64, 0.82]
IA amplitude AIA [�6, 6]
Baryon feedback ampl. B [2.00, 3.13]
Constant c-term o↵set �c 0.0000 ± 0.0002
2D c-term amplitude Ac 1.01 ± 0.13
Redshift o↵set bin 1 �z1 0.000 ± 0.039
Redshift o↵set bin 2 �z2 0.000 ± 0.023
Redshift o↵set bin 3 �z3 0.000 ± 0.026
Redshift o↵set bin 4 �z4 0.000 ± 0.012
Redshift o↵set bin 5 �z5 0.000 ± 0.011

Notes. The first five lines represent the primary cosmological parame-
ters whereas the following nine lines correspond to the nuisance param-
eters used in our model. Brackets indicate top-hat priors whereas values
with errors indicate Gaussian priors.

The nine ✓ bins in which we estimate ⇠± are relatively broad
so that it is non trivial to relate the model to the data. Joudaki
et al. (2018) and Troxel et al. (2018a) discuss using the average
weighted pair separation instead of the logarithmic mid-point (as
it was done in H17) of the bin to calculate the model. In Asgari
et al. (2018, their appendix A) it was shown that both approaches
are biased. The H17 approach biases the model for ⇠± slightly
high and hence S 8 is biased low. The Joudaki et al. (2018) and
Troxel et al. (2018a) approach tried to correct for this but instead
biases ⇠± low to a similar degree and hence S 8 is biased high.
Here we integrate ⇠± over each ✓ bin, which yields results that
correspond to the red lines in figure A.1 of Asgari et al. (2018).
This unbiased approach has the disadvantage of requiring an ad-
ditional integration in the likelihood. However, since this is a
rather fast step in the likelihood evaluation, the computational
overhead is minimal.

6.2. Intrinsic alignments

We use the same ‘non-linear linear’ intrinsic alignment model as
in H17, which modifies the 2-point shear correlation functions
by adding two more terms describing the II and GI e↵ects (Hirata
& Seljak 2004):

⇠̂± = ⇠± + ⇠
II
± + ⇠

GI
± , (8)

where ⇠II± and ⇠GI
± are calculated from the II and GI power spectra

PII(k, z) = F
2(z)P�(k, z)

PGI(k, z) = F(z)P�(k, z) (9)

in a similar way as ⇠± is calculated from P� (see Eqs. 5-7) with
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where C1 = 5 ⇥ 10�14
h
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M
�1
� Mpc3, ⇢crit is the critical density

today, and D+(z) is the linear growth factor. More details can be
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KiD Results

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

•   

• 2.3σ ‘tension’ with Planck 

•
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S8 = 0.737+0.040
−0.036

Min. χ2
181 = 180.6



KiD Results: systematic tests
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KiD Outlook

• DR4 analysis now ongoing (1006 tiles, 9 bands) 

• Observations almost complete (1350 sq.deg.) 

• ==> KiDS+VIKING area will triple 

• Further improve phot-z calibration 

• ‘KiDZ’ programme targeting deep spec-z surveys with 
VST and VISTA 

• Comparable precision clustering redshifts
 18



KiD Conclusions

• Robust 9-band photo-z + KIDS-450 shapes = KV450 

• ~2σ tension in S8 vs. Planck remains 

• Working towards tripling sky area with KiDS-DR4 —> DR5 

• Systematics are the limiting factor! 

• COSMOS-2015 vs. Spec-z calibration: 0.6σ
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