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        Distribution of the stellar spectral types in the XSL according to the SIMBAD database. Unspecified stars are grouped in the “∼” class. The dark gray color represents the full library of 628 stars. Set 1 (orange) refers to the 39 stars selected by PPXF out of the full library to construct an optimal template 1. Set 2 (blue) refers to 32 stars selected from a random half of the full library and set 3 (emerald) refers to 33 stars selected from the other half. Sets 2 and 3 have 15 and 17 stars, respectively, in common with Set 1. The alternating light gray and white vertical regions divide the spectral classes for easier visualization.
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        PPXF fitting to the spectra from four examples of Voronoi bins. The bin number and the measured velocity dispersion for the corresponding bin are specified in each panel. The gray line presents the full spectra, the red line traces the best-fit model, and the blue line shows the quasar component in the best-fit model.
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        Same as Fig. 6, but the difference is normalized by the statistical uncertainty of the baseline setup.

      

    

  
    
      Fig. 10. 
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        Absolute (left) and uncertainty-normalized (right) difference in the extracted velocity dispersion between two Voronoi binning schemes. The two binning schemes are obtained by setting the target S/N to 23 Å−1 and 28 Å−1 for each bin. We take the case with target S/N ≈ 23 Å−1 for each bin as the baseline in our analysis.

      

    

  
    
      Fig. 11. 
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        Fit of the lens galaxy’s surface brightness profile. Left: the HST/ACS imaging in the F814W filter of the lens system RXJ1131−1231 with the quasar images and the lensed arcs subtracted using the prediction from the best-fit lens model from Suyu et al. (2013), thus leaving only the lens galaxy’s light to be fitted. The orange circle shows the large circular region considered for fitting in our analysis, and the yellow square shows the smaller cutout used for lens modeling by Suyu et al. (2013). The cyan annulus contains the region where pixels were fitted to reconstruct the source by Suyu et al. (2013). Thus the lensed arcs from the quasar host galaxy were subtracted only within this annulus. The red contours mark quasar image positions with significant residuals due to saturated pixels, which we mask. Middle: the fitted light profile with a double Sérsic model. The black pixels correspond to masked pixels. The additional masked pixels within the orange circle not described above are randomly selected through an iterative process that performs outlier rejection while preserving the Gaussian tail (Sect. 5.1.2 for details). Right: normalized residual of the best-fit model.

      

    

  
    
      Fig. 12. 
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        Population prior on kinematic misalignment angle Δφkin ≡ |φkin−φlight| for a sample of slow rotator elliptical galaxies from the SDSS’s MaNGA dataset (Li et al. 2018). Here, Δφkin = 0° corresponds to a purely oblate shape, and Δφkin = 90° corresponds to a purely prolate shape. The vertical dashed gray lines mark Δφkin = 0°, 45°, and 90°. The red points with error bars show the measurements from Li et al. (2018). We fit this distribution with a double Gaussian model (blue line) with the means fixed to Δφkin = 0° and Δφkin = 90°. We take Δφkin < 45° as the oblate case and Δφkin > 45° as the prolate case. Integrating the double Gaussian model from 0° to 45° gives the prior probability of oblateness p(oblate)pop ≃ 0.65.

      

    

  
    
      Fig. 13. 
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        Prior on the intrinsic axis ratio ql, int of light for oblate (solid line) and prolate (dashed line) cases from Chang et al. (2013). The priors correspond to massive elliptical galaxies from the SDSS survey at 0.04 < z < 0.08 with 10.8 < log10(M⋆/M⊙) < 11.5.

      

    

  
    
      Fig. 14. 
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        Constraints from axisymmetric JAM modeling on the power-law mass model parameters (θE, γ, and qm), internal MST parameter λint, external convergence κext, anisotropy profile parameter(s), and the cosmological distances DΔt and Dd. assuming two anisotropy parametrizations: (i) one single constant β ≡ 1 − (σθ/σr)2 for all light MGE components (orange contours), and (ii) one free (σθ/σr)inner ≡ (σθ/σr) for light MGE components with σ < rbreak = θeff = 1″​​.91 and another free (σθ/σr)outer for light MGE components with σ > rbreak (blue contours). The blinded parameters are blinded as pblinded ≡ p/⟨p⟩−1 so that the distributions only reveal fractional uncertainties. The darker and lighter shaded regions in the 2D plots trace 68% and 95% credible regions, respectively. The mass model parameters Einstein radius θE, power-law slope γ, axis ratio q, and position angle PA are additionally constrained through a prior from the imaging data from Suyu et al. (2013). The two anisotropy parametrizations provide equally good fits to the kinematics data. However, the BIC selects the constant-β anisotropy model over the other one with one additional free parameter (ΔBIC value is 3.5).

      

    

  
    
      Fig. 15. 
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        Observed velocity dispersion map in Voronoi bins (first panel), the best-fit dynamical model with a power-law mass model, constant β anisotropy profile, and oblate shape (second panel), the normalized residual for the best-fit dynamical model (third panel), and the distribution of the normalized residual (orange, fourth panel). The reduced χ2 quantity is [image: equation] with degrees of freedom ν = 41. The gray dashed line in the fourth panel shows a normal distribution expected for residuals from a perfect model to the data with Gaussian noise. The residual distribution for 41 points is similar to this Gaussian distribution.

      

    

  
    
      Fig. 16. 

      
        [image: thumbnail]
      

      
        Radial profile of the line-of-sight velocity dispersion. The red points are radially binned values from the 2D maps, with the horizontal error bars illustrating the widths of the annuli. The lines show the radial profiles for random samples from the dynamical model posterior. The radial profile of the model is averaged over the major, minor, and intermediate axes. The solid purple lines correspond to 65 random samples for the oblate case, and the dashed green lines correspond to 35 random samples for the prolate case. We note that the model was fit to the 2D kinematics data. However, we illustrate the 1D radial profile only for visualization.

      

    

  
    
      Fig. 20. 
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        Unblinded cosmological constraints from our analysis. Left: final 2D posterior of the time-delay distance DΔt and the angular diameter distance Dd (emerald contour). The darker and lighter shaded regions in the 2D plots trace 68% and 95% credible regions, respectively. We infer H0 and Ωm from this distance posterior accounting for the covariance in a flat ΛCDM cosmology. We take a wide uniform prior on H0 ∼ 𝒰(0,  150) km s−1 Mpc−1. The blue-shaded region corresponds to a uniform prior Ωm ∼ 𝒰(0.05,  0.5) and the orange-shaded region corresponds to a Gaussian prior Ωm ∼ 𝒩(0.334,  0.018) from the Pantheon+ analysis of type Ia supernovae relative distances (Brout et al. 2022). Right: posterior PDF of H0 and Ωm in flat ΛCDM cosmology. We constrain H0 to 9.4% and 9.1% precision for the uniform and Pantheon+ Ωm-priors, respectively. We show the cosmological parameter posterior from only the 1D Dd posterior with dashed contours with colors matching the associated Ωm prior. In this case, the H0 precision is 10.3% and 9.6% for the uniform and Gaussian priors, respectively. The Dd-only constraint on the H0 is lower by ∼1.4% (0.15σ) than the constraint from the full 2D posterior, for the uniform Ωm-prior.
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