
    
      Fig. 3. 
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        Flowchart describing the steps in a single forward simulation of cosmic shear observables from cosmological parameters. The dark blue rounded boxes represent the inputs and outputs which are given to the simulation-based inference pipeline. The green slanted boxes represent relevant quantities which are calculated during the simulation. The grey rectangular boxes show steps in the calculations, while the blue slanted boxes show any (systematic) effects which are included. All variables are defined within the respective sections quoted in the diagram.

      

    

  
    
      Fig. 5. 
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        Distributions for each tomographic bin (S1 to S5) from which the shear bias parameters from KiDS-1000 (Giblin et al. 2021) shown in Eq. (27) are sampled. The first panel from the left shows the multiplicative shear bias, M(p). The second and third panel show the real and imaginary part of the additive shear bias, [image: equation] and [image: equation], respectively. The fourth and fifth panel show the real and imaginary part of the amplitude of the shear bias due to variations in the point-spread function, [image: equation] and [image: equation], respectively.

      

    

  
    
      Fig. 7. 
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        Cartesian spatial map (Nside = 1024) of root-mean-square of the observed background noise, σrms, throughout the KiDS-1000 North field in the upper panel and the KiDS-1000 South field in the lower panel.

      

    

  
    
      Fig. 10. 
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        In the upper panels, the normalised redshift distributions, P(z), for each tomographic bin (S1 to S5). The redshift distribution from the entire KiDS-1000 DR4 galaxy sample, Ptotal(z), is shown in black, while the other ten redshift distributions are derived from 10 equi-populated subsamples of DR4 based on their observational depth (i.e. the mean value of the root-mean-square of the background noise, [image: equation]) which is shown with its respective colour. The lower panels show the associated residual change in the redshift distributions with respect to Ptotal(z) per unit redshift. It is apparent that variable depth mostly affects the source distributions at high redshifts, while the effect tends to decrease the mean of the redshift distribution with increasing σrms.

      

    

  
    
      Fig. 11. 
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        Flowchart describing the structure of the simulation-based inference pipeline. The dark blue rounded boxes represent the inputs and outputs which are given to the simulation-based inference pipeline. The grey rectangular boxes show steps in the inference pipeline.

      

    

  
    
      Fig. 12. 
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        Bar chart comparing the run-time of a single evaluation of KiDS-SBI (above) versus a single evaluation of a simulation based on Joachimi et al. (2021) (below), both on a single core (Nshells = 19, Ntomo = 5 and Nside = 1024). Both suites of simulations use CAMB (Lewis et al. 2000; Lewis & Challinor 2002; Howlett et al. 2012) to compute the 3D matter power spectrum. For the reference simulations, we use the non-Limber projection built into CAMB with limber_phi_lmin  = 1200 rather than Levin with ℓmax, nL = 1200. We run FLASK (Xavier et al. 2016) rather than GLASS (Tessore et al. 2023) to compute the underlying matter and convergence fields of each of the 19 shells. Subsequently, we sample galaxies using SALMO in both cases, and then calculate the spatial two-point correlation functions, ξ±(θ), rather than calculating the angular power spectra, [image: equation]. To calculate ξ±(θ) in the reference simulations, we use TreeCorr (Jarvis et al. 2004).

      

    

  
    
      Fig. 13. 
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        Goodness-of-fit test implemented following Gelman et al. (1996). A distribution of χ2 values for 500 forward simulations at the MAP cosmology is evaluated from a χ2 function characterised by a Gaussian likelihood defined by a numerical covariance. The vertical dashed line indicates the χ2 for the MAP when analysing the real KiDS-1000 data vector. The solid blue line shows the histogram upon the application of a smoothing kernel. Since the data’s χ2 falls near the mean and the mode of the χ2 distribution from random realisations of the anisotropic systematics model, we conclude that the model evaluated at the MAP cosmology provides a good fit to the data, i.e. the data is a feasible realisation of the model.

      

    

  
    
      Fig. 14. 
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        The expected coverage probability versus the credibility level as defined in the Tests of Accuracy with Random Points (TARP) described in Lemos et al. (2023a) for the posterior shown in Fig. D.2 assuming the anisotropic systematics model. The dark blue region indicates the 1σ fluctuations in the TARP obtained from bootstrapping over 100 realisations, while the light blue region indicates the 2σ region. The dashed line is a reference line for a perfectly linear relation. The credibility level gives the fraction of the total probability density of the learnt posterior being considered, while the expected coverage probability measures the fraction of posterior samples which have a posterior probability smaller than the best estimate at a given credibility level. We note the relation, in this case, indicates slight underconfidence, such that the posteriors in Figs. D.2 and 18 can be considered as conservative. The ideal case is completely within the 1σ confidence interval of the TARP test.

      

    

  
    
      Fig. 15. 
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        Contour plots comparing the effects of model misspecification for different model cases and noise levels in the data. Left panel: Comparison of marginalised posterior contours from noise-free data assuming the anisotropic systematics model (which includes variable depth and PSF variations) in blue and green, and the standard isotropic systematics model (which is in line with the analysis assumptions in Asgari et al. 2021, i.e. it does not model variable depth or PSF variations) in orange and pink. The orange and the blue posteriors are derived from the same data vector: a noise-free realisation from the anisotropic systematics model at the fiducial cosmology shown in Table 2; while the pink and the green posteriors are derived from a noise-free realisation from the standard isotropic systematics model at the same cosmology. Right panel: Comparison of marginalised posterior contours from noisy data simulated with anisotropic systematics model with the same seed as in the noise-free case, and subsequently analysed with the SBI based on the anisotropic systematics model in blue, and standard isotropic systematics model in orange. In both panels, the black solid line indicates the true cosmology assumed for the mock data vector (see Table E.1).

      

    

  
    
      Fig. 16. 
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        Comparison of likelihood models with a noise-free mock data vector from the anisotropic systematics forward model. Shown are marginalised posterior contours: in blue, assuming the anisotropic systematics model within the standard setup of KiDS-SBI as described in Sect. 5.4; in black, assuming the same anisotropic systematics forward simulations to train a Mixture Density Network (MDN; Bishop 1994) which is made up of a single multivariate Gaussian; and in pink, applying a standard analysis which assumes a Gaussian likelihood characterised by a numerical sample covariance derived from anisotropic systematics forward simulations and a model given by the analytic pseudo-Cl model described in Appendix D. All posteriors are evaluated assuming the same noise realisation and the same model parameters (see Table E.1).

      

    

  
    
      Fig. B.1. 
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        Relative difference between the mean pseudo-Cls measured from the standard isotropic systematics model in KiDS-SBI with different line-of-sight resolutions and the expectation from analytical theory as described in Appendix D. The blue crosses show the standard isotropic systematics model with the resolution assumed in the analysis discussed in this work: 19 shells with a comoving-volume weighted kernel. The orange triangles and the green circles show difference in the signal of standard isotropic systematics model with a uniform kernel and at higher resolutions: 26 shells and 31 shells, respectively. All are evaluated at the MAP cosmology inferred from the KiDS-1000 data using the standard isotropic systematics in KiDS-SBI (see Table F.1).

      

    

  
    
      Fig. C.3. 
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        Relative difference between the mean pseudo-Cls measured in KiDS-SBI for different combinations of shear biases in KiDS-1000 as described in Sect. 3.7. The blue solid line compares the pseudo-Cls of a model that adds multiplicative, additive and PSF shear biases (as is the case in the anisotropic systematics model) to the signal measured from a model which only considers multiplicative shear bias (i.e. the standard isotropic systematics model). The orange dot-dashed line shows the effect of the additive shear bias alone, while the green dashed line shows the effect of the PSF shear bias alone. We note that, in particular, the PSF shear bias causes an up to 0.3σ bias in the pseudo-Cls, especially, at large scales.

      

    

  
    
      Fig. D.1. 
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        Bitmap of the mixing matrices to model the theoretical signal for the pseudo-Cls as seen by KiDS-1000. On the right panel is the mixing matrix derived from the KiDS-1000 mask, Mμν′,ℓℓ″, (the input mask is at a resolution of Nside = 1024). On the left panel is the mixing matrix caused by the selection due to randomly sampling galaxies for the auto-correlation of the fifth tomographic bin, [image: equation]. Both matrices are decomposed into block matrices separating the EE → EE, EE → BB and EB → EB mixing. Each block matrix has dimensions of 8193 × 8193 with ℓ ∈ {ℓ∈ℤ0+|ℓ ≤ 8192}.

      

    

  
    
      Fig. D.2. 
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        Posterior contours of the seven cosmological and astrophysical parameters which are varied given the anisotropic systematics model within KiDS-SBI over the prior space shown in Table 2 when analysing a mock data vector from the same model. The black solid lines indicate the true cosmology of the input mock data vector generated from the anisotropic systematics model while adding noise. All the aforementioned values are shown in Table E.1. These posteriors are obtained from training neural density estimators in DELFI (Alsing et al. 2019) on 18,000 realisations of the forward simulations assuming the anisotropic systematics model, in line with the choices made in L23. The posterior is obtained from the combined posteriors of six independent conditional Masked Autoregressive Flows (MAFs) each is made up of three to eight Masked Autoencoder for Density Estimations (MADEs) each with two hidden layers of 50 neurons.

      

    

  
    
      Fig. G.1. 

      
        [image: thumbnail]
      

      
        Comparison of posteriors obtained from a standard Gaussian likelihood analysis when using different MCMC samplers for the same noiseless mock data vector. In pink and in grey, we show the posteriors sampled with nautilus (Lange 2023) from a likelihood defined by a sample covariance based on mocks from the anisotropic systematics model and the standard isotropic systematics, respectively. In green and orange, we show posteriors sampled from the same two likelihoods as before, but sampling with the multinest sampler (Feroz et al. 2009) instead. All inference shown is done using the real KiDS data vector.

      

    

  
    
      Fig. I.2. 
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        Posterior contours of the main constrained cosmological parameters from the KiDS-SBI analysis of the KiDS-1000 cosmic shear data assuming the anisotropic systematics model (in blue) compared against posterior contours from other analyses. In orange, we show the posterior from the same data while assuming the standard isotropic systematics model. In black and pink, we show the posteriors from the equivalent analyses done assuming a Gaussian likelihood for a given model. For clarity purposes, the δz parameters are marginalised out, while ωb and ωc are folded into Ωm. The green contour shows the posterior from the cosmic microwave background constraints from the TT,TE,EE+lowE modes (Planck Collaboration VI 2020). We note that the Planck TT,TE,EE+lowE contours do not have any marginals in AIA or Abary as the CMB is not sensitive to the IAs of galaxies or baryonic feedback.
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