
    
      Fig. 3. 
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Tilt angles as a function of Galactic height for different positions across the Galaxy. We show the trends with z for R = [5, 7, 9, 11] kpc. The red squares, green diamonds, and blue crosses are based on the methods described in Sect. 3.2 (see text). The solid black line shows the trend that would correspond to spherical alignment. The tilt angle is changing from spherical alignment in the inner Galaxy (R ∼ 5 kpc) towards shallower tilt angles at R ∼ 11 kpc. The cyan line shows the analytic description of the data as proposed in Sect. 4.4.



    

  
    
      Fig. 5. 
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Tilt angles as a function of Galactic height for different radial and azimuthal positions across the Galaxy. The red squares, green diamonds, and blue crosses show the measurements for ϕ = [165 ° ,180 ° ,195 ° ], respectively. The black starred symbols show the measurements irrespective of azimuth (as in Sect. 4.1). Given the error bars, there are only small differences in the tilt angles for the different azimuths explored. The solid black line denotes the trend expected for spherical alignment.



    

  
    
      Fig. 7. 
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Tilt angles as a function of Galactic height for different populations of stars. We show the trends with z for R = 7.5 kpc (top), R = 8.5 kpc (middle) and R = 9.5 kpc (bottom). The red squares, green diamonds, and blue crosses show the results for the halo, thick, and thin disk population described in Sect. 4.3, respectively. The light blue triangles correspond to all LAMOST stars with metallicity information with uncertainties smaller than 0.2 dex, while the black stars are for all stars in the extended sample regardless of whether or not they have metallicity information. The solid black line shows the trend that would correspond to spherical alignment.



    

  
    
      Fig. 10. 
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Contours of constant prolate spheroidal coordinates, (λ, ν), with foci at R = 0 and z = ±0.88 kpc (see text). Contours of constant λ are shown in blue, contours of constant ν in red. The green ellipses show some of our measured velocity ellipses (Method 1). Their orientation does not align with the coordinate contours at R ≳ 10 kpc and |z|≳2 kpc.



    

  
    
      Fig. 11. 
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Tilt angles for both the Stäckel (purple line) and Piffl et al. (2014, orange line) model for radii at R = 4 kpc and R = 8 kpc (see text). For comparison we add our measurement as green diamonds (Method 1).



    

  
    
      Fig. A.1. 
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Error distributions for the bin at R = 11.5 kpc and z = 1.5 kpc for the different velocity components: vR (left), vz (middle), and its covariance (right). The corresponding medians of the error distributions are shown by the vertical grey dotted lines. The vertical grey dashed lines indicate the values of the velocity moments taken from the data directly (i.e. not accounting for the errors). The black vertical solid lines lines show the recovered intrinsic velocity moment from Method 1 (see Sect. 3). Even at this bin, which still contains 2016 stars, the impact of the measurement errors on the recovered velocity moments is relatively small.



    

  
    
      Fig. B.1. 
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Effect of a constant shift in the parallaxes of the stars (Δϖ =  − 0.029 mas) on the tilt angle γ, as measured in Galactocentric cylindrical coordinates for different types of intrinsic alignment. Left columns: intrinsic tilt angles γ0 as a function of R and z. Middle columns: tilt angles γ1 computed from the “observed” velocity moments. Right columns: Δγ = γ1 − γ0. Be aware of the different colourbar ranges. Top panels: we set the velocity covariances such that the input alignment is spherical. Bottom panels: the input alignment is cylindrical. Black contours denote regions where the tilt angle is not affected, i.e. Δγ = 0°. For spherical alignment this is expected to be the case on the line passing through the Galactic centre and the position of the Sun, thus along z ≈ 0 kpc, and on the circle that goes through the Galactic centre and the position of the Sun. For cylindrical alignment this is expected to occur at both z = z⊙ ≈ 0 kpc and R = R⊙.
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