
    
      Fig. 3. 
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        Sketch of the detrending process. A series of consecutive vector magnetograms (e.g., the Bz component) labeled with different time-steps (t1, t2, t3, ...), is shown on the left. The black line (data) in the top right panel represents the temporal evolution of one pixel in this time-series (marked in red in the left panel). The blue line is a third-order polynomial fit to the data. Bottom right panel: detrended time-series, which shows the residuals of the data with respect to the fit.

      

    

  
    
      Fig. 5. 
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        Each panel represents one realization of magnetic field fluctuations for each vector component. All panels are plotted on the same scale in units of Gauss displayed by the color bar at the top. The black solid line represents the observed sunspot boundary.

      

    

  
    
      Fig. 7. 
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        Comparison of αz maps measured from the original HMI observation (top), and from the model without (middle) and with (bottom) fluctuations of the magnetic field. The color bar at the top shows the αz values in Mm−1.

      

    

  
    
      Fig. 10. 
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        HMI continuum image of the leading sunspot of active region NOAA 11072 (2010.05.25 03:00:00 TAI), which was used as a reference for the model presented in this work. The black solid line outlines the umbral area that was considered for most twist calculation methods. The white solid line and the black dotted line correspond to the areas that were used to get spatial averages of αz close to the center of the spot ([image: equation]) and over the whole spot ([image: equation]), respectively.

      

    

  
    
      Fig. 11. 
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        Monte-Carlo simulation results for methods described in Sect. 5. The q values have been multiplied by two in order to make them directly comparable to αz (see Appendix F). The black line indicates the reference value of the model, which is expected from the model without any fluctuations. The red dashed line shows the mean value from the Monte-Carlo simulations. The gray shaded areas represent the range of 1, 2, and 3σ around the Monte-Carlo mean.

      

    

  
    
      Fig. 12. 
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        Monte-Carlo simulation results when αz is spatially averaged over the whole sunspot. The solid black line indicates the reference value of the model that is expected from the model without any fluctuations. The red dashed line shows the mean value from the Monte-Carlo simulations. The gray shaded areas represent the range of 1, 2, and 3σ around the mean.

      

    

  
    
      Fig. B.1. 
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        Normalized PSF for HMI estimated by Yeo et al. (2014).

      

    

  
    
      Fig. B.2. 
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        Cuts through the center along the x-axis (top panel) and the y-axis (bottom panel) of the average spatial correlation of neighboring pixels (Fig. 4) and the normalized estimated PSF by Yeo et al. (2014) (Fig. B.1). The errorbars represent the standard error of the spatially averaged correlation.

      

    

  
    
      Fig. D.1. 
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        Monte-Carlo simulation results for methods based on αz when Stokes’ theorem is used for calculating Jz. The black solid line indicates the reference value of the model that is expected from the model without any fluctuations. The red dashed line shows the mean value from the Monte-Carlo simulations. The dark/light gray shaded areas represent the range of 1, 2, or 3σ around the Monte-Carlo mean.

      

    

  
    
      Fig. D.2. 
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        Monte-Carlo simulation results when αz is calculated with Stokes’ theorem and spatially averaged over the whole sunspot. The black solid line indicates the reference value of the model that is expected from the model without any fluctuations. The red dashed line shows the mean value from the Monte-Carlo simulations. The gray shaded areas represent the range of 1, 2, and 3σ around the mean.
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