
    
      Fig. 3. 
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        [image: equation] during different overlapping periods of the MWO, GONG, and HMI data. The period of the predominant oscillations seen in [image: equation] is about 34 days, which corresponds to the HL1 mode frequency near [image: equation] nHz.

      

    

  
    
      Fig. 5. 
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        Line-of-sight Doppler velocity associated with the HL1 mode as viewed from the Earth on 09 September 2018 when the solar tilt angle B0 is 7.24°, extracted from time series of daily HMI images by applying a band-pass filter around [image: equation] (see Eq. (8)). The LOS velocity pattern in the polar regions is associated with the HL1 mode. The image was smoothed using a 2D Gaussian kernel with a FWHM of 5°. A comparison with the reconstructed [image: equation] using 5°-tile ring-diagram flow maps is shown in Fig. A.3 and in the online movie.

      

    

  
    
      Fig. 7. 
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        Temporal variations of the amplitude (top panel) and frequency (middle panel) of the HL1 mode, together with the sunspot number and the polar field strength (bottom panel). The orange, green, and red solid curves show the results from MWO, GONG, and HMI data sets, respectively, with the shaded areas showing the 68% confidence interval estimated from 10 000 Monte Carlo simulations. The open circles indicate that the excess power around the mode frequency is below 90% confidence level. The horizontal dashed lines represent the median value over MWO (1968–2010) and HMI (2011–2023) data sets.

      

    

  
    
      Fig. A.1. 
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        Median values of the Dopplergrams over the time periods between the HMI retuning dates listed at http://jsoc.stanford.edu/doc/data/hmi/hmi_retuning.txt. The images have been remapped to the same resolution (10″per pixel), with the disk center aligned north-up, and the Vbackground component subtracted. The color scale is saturated at ±50 m/s. Hathaway et al. (2015, their figure 2) shows a similar pattern in the HMI data from 2012 to 2013. The interference fringes appear as wavy patterns in the HMI images, caused by imperfections in the tunable-filter elements of the optical system. These unwanted patterns in the Dopplergrams exceed 50 m/s in magnitude, which is significantly higher than the amplitude of the HL1 mode. The large-scale fringes were substantially removed by the HMI team from 1 October 2012 (Couvidat et al. 2016), which explains why the fringes in the last eight panels are much weaker than in the first four panels. While the temporal frequency of these patterns is very low and far from the HL1 mode frequency, the patterns shift during HMI instrument re-tuning, causing jumps in the Doppler time series and increasing the background power in the Fourier domain. Removing these fringes enhances the visibility of the HL1 mode in the synoptic maps of Vzonal and improves the signal-to-noise ratio of the mode amplitude measurement.

      

    

  
    
      Fig. A.2. 
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        Synoptic maps of Vzonal as functions of latitude and time, obtained from direct Vlos of HMI, GONG, and MWO observations. For clarity, the maps were Gaussian smoothed in latitude with a FWHM of 10°. The arrows with the same color highlight the stripes for different data sets in the same time period.

      

    

  
    
      Fig. A.3. 
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        Comparison of the m = 1 high-latitude mode oscillations in the line-of-sight Doppler velocity as viewed from the Earth, obtained using various methods, when the solar tilt angle B0 is 7.24° (top), 0° (middle), and −7.24° (bottom). Left column: observed Doppler velocity Vlos from HMI data band-pass filtered around [image: equation] ([image: equation], see Eq. (8)). For a better comparison with the middle column, the images were Gaussian smoothed with a FWHM of 5°. Middle column: reconstructed Vlos, obtained by projecting the 5°-tile horizontal flow maps from the HMI ring-diagram analysis onto the line of sight and applying the same filter as in the first column. Right column: line-of-sight projection of mode eigenfunction obtained using a linear eigenvalue solver (Bekki et al. 2022), scaled to an amplitude comparable to the observations. Bottom row: maps of noise in [image: equation] estimated from the temporal variance of the data at each spatial point.

      

    

  
    
      Fig. A.4. 
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        Eleven-year periodic components and power spectra of HL1 mode parameters. Left column, from top to bottom: sunspot number, HL1 mode amplitude, eigenfunction tilt, and frequency. The 55-yr long time series combine the MWO (1968 – 2010) and HMI (2011 – 2022) measurements taken from Figs. 7 and 8. The gray curves are fitted parabolas representing the long-term trend. The pink curves show the 11-yr periodicity in the data added to the long-term trend. Right column: power spectra of the time series from the left column with the temporal mean subtracted. The vertical pink lines indicate the frequency of (11yr)−1 = 2.88 nHz that corresponds to the average sunspot cycle period. The horizontal dashed and dotted lines represent the 95% and 90% confidence levels, respectively. The 11-year periodicity is highly significant for the mode amplitude, and only marginally significant for the eigenfunction tilt. No evidence is found for an 11-year periodicity in the mode frequency.
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