
    
      Fig. 3. 
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        Example realizations of the noise ϵ(x) from our noise model on the kernel (left) and MURaM grids (middle), and synthetic noisy travel times τ(x) (right). The noise has a standard deviation of 10.3 s and the travel-time signal in the right panel of 1.9 s, which compares well with the data (Hanasoge et al. 2012). Left panel: can be compared to Fig. 5 in the supplementary material of Hanasoge et al. (2012). Figure 2 shows the contribution of the travel-time signal to the right panel in more detail.

      

    

  
    
      Fig. 5. 
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        Calibration curve of Hanasoge et al. (2012, Fig. 2 in the supplementary material) can be reproduced (blue solid curve). When a more realistic width σz′ = 16.8 Mm = 1.8 HP of flow features is used to compute the calibration curve, a change is seen (dashed orange curve), which would lead to an increase in the estimated upper limit, see assumption (A6). The crosses and pluses indicate the grid points in harmonic degree, which were obtained by converting horizontal Fourier modes from Cartesian to spherical geometry (see Appendix A.4). The kernels and thus the calibration curves shown here were computed on a spatial grid with a four times larger spatial extent than the MURaM grid, therefore the resolution in Fourier space, [image: equation], is four times finer than in other plots in this paper. See Fig. C.2 for a more detailed comparison.

      

    

  
    
      Fig. 7. 
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        Comparison of estimates of the spectrum of convective flows obtained from the synthetic data based on flows from a MURaM simulation. The method of HDS2012 applied to this synthetic data (solid blue line) can be improved by using a scale-dependent signal-to-noise correction (dashed orange line, this work). Both estimates give the correct order of magnitude of the flow (green line), although the estimate from the method of HDS2012 is not a strict upper limit. When the underlying assumptions are improved (solid orange line), our best estimate results in a larger upper limit.

      

    

  
    
      Fig. C.3. 
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        Contribution to the noiseless travel-time spectrum [image: equation] from below 0.99R⊙ (solid blue line) and from a Gaussian-weighted region around the target depth 0.96R⊙ (dashed blue) and their forward models based on the actual flow and two versions of the calibration curve (solid orange and dash-dotted green).

      

    

  
    
      Fig. C.4. 
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        Azimuthal averages [image: equation] as defined in Eqs. (C.1) and (C.3) saturated at 10% of the maximum value of the left panel. The units are s4 cm−4 (i.e., cgs units). The quantities [image: equation] are zero for d ≠ d′, see also Fig. C.5.

      

    

  
    
      Fig. C.5. 
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        Exemplary dependence of kernels and flow correlations on the direction of the horizontal Fourier vector. KLeft panel: [image: equation], right panel: [image: equation]. For the plot, each quantity was divided by its maximum value in the given range. Error bars of Cu were obtained from the standard deviation of the 11 available simulation snapshots and are similar for CKCu. At other depths and similar wave numbers, the plots are qualitatively similar. Right panel: we also show that taking the mean before or after multiplying [image: equation] and [image: equation] changes the result (thick solid black line).

      

    

  
    
      Fig. C.6. 
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        Azimuthal averages [image: equation] as defined in Eqs. (C.1) and (C.2) saturated at 10% of the maximum value of the top left panel. The units are s2 cm2 (i.e., cgs units).
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