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Cosmic shear Sensitive to:

• Matter distribution

• Geometry


Observables:

• Ellipticities

• Photo-z 

Statistical 
measurement of 
many galaxies


Tomographic binning 
along the line-of-sight



shear variance 〈γ2〉 is related to the power spectrum (or Fourier transform of
the shear correlation function) by [1]
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where J1(x) is the first Bessel function of the first kind and Pκ is the conver-
gence power spectrum which depends on the source redshift distribution n(w)
via
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where w is the radial distance at redshift z, fK(w) is the comoving angular
distance to redshift z, and Ωm is the matter density parameter. Thus Pκ is the
weighted integral of the three-dimensional mass power spectrum, P3D, with a
weight depending on n(w). We imagine that n(w) is determined from a cal-
ibration sample with an error δn(w). The shear covariance matrix will then
depend explicitly on a term of the form 〈δn(w)δn(w′)〉, which has off-diagonal
power due to large-scale structure. It is difficult to proceed analytically, espe-
cially if we wish to analyze the distribution of fluctuations in n(w). Instead we
take a numerical approach and simulate n(w) by populating the dark matter
halos from N-body simulations with mock galaxies. A simplified model will
however tell us how a redshift uncertainty is likely to affect the analysis of
cosmic shear data. It was shown in [21] that, to first order in the perturbation
regime, for a power law power spectrum the top-hat shear variance at scale θ
behaves like:

〈γ2〉 ∝ σ2
8 z1.7s Ω1.7

m θ(
n−1

2 ), (3)

where zs is the mean source redshift and n and σ8 are the slope and amplitude
of the matter power spectrum, respectively. The mean redshift is degenerate
with σ8 and Ωm, therefore, uncertainty in zs should act as an unknown nor-
malization constant, as we shall see below.

2.2 Mock catalogs

The basis of our mock catalogs is a large N-body simulation of a ΛCDM cos-
mology. The simulation used 5123 particles in a periodic cubical box 256h−1Mpc
on a side. This represents a large enough cosmological volume to ensure a fair
sample of the Universe, while maintaining enough mass resolution to identify
galactic mass halos. The cosmological model is chosen to provide a reason-
able fit to a wide range of observations with Ωm = 0.3, ΩΛ = 0.7, H0 =

4

van Waerbeke et al. (2006)

Redshift dependence of cosmic shear



Redshift dependence of cosmic shear
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Stage-III surveys 
are a factor of 

5-10 less sensitive 
to redshift errors.



Photometric redshifts

Wright et al. (2018)
Spec-z



Re-weighting the calibration sample



Re-weight spec-z surveys to be more representative.


1. Magnitude space needs to be fully covered.

2. Requires unique relation colour-redshift relation.

Redshift calibration with kNN weighting

Hildebrandt et al. (2017)



Self-organising map



Self-organising map of mag space

~99% coverage of 9D mag space in KV450.
Wright et al. (2019)



KiDS-1000 SOM <z> accuracy

Wright et al. (2020a)



Clustering-z

• Spec-z sample does not have to be representative 
• Correct for evolution of galaxy bias



KiDS-1000, clustering-z

Hildebrandt et al. (2021)

Clustering-z 
inherit the 
uncertainty 

from the SOM 
n(z) in this way.



The role of ATLAS

• Redshift calibration of weak lensing is one of ATLAS' core science goals.


• Deep, dense, and wide spectroscopic sample.


• Might make redshift calibration for Roman weak lensing unnecessary.


• 3D lensing instead of tomographic binning.


• For all other overlapping projects it will be the definitive calibration resource.



Summary
• Complementary approaches for n(z) calibration (SOM, clustering-z, and more).  

Can be combined, e.g. Hierachical Bayesian Model.


• Colour-based SOM can achieve σ<z><~0.01. Needs to improve by factor 5-10.


• Clustering-z competitive and consistent, but additional development needed.


• Galaxies and also galaxy surveys are complex beasts  
=> sophisticated simulations indispensable.


• ATLAS will provide redshifts for weak lensing with Roman (no need for 
calibration?) and exquisite calibration for Euclid and LSST@Rubin.


