
    
      Fig. 3. 
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        Dependence between Q-values computed for different geomagnetic dipole moments M, as denoted in the legend in units of ⋅1022 A m2 and Q* at the modern-day value of M0 = 7.75⋅1022 A m2. GCR spectra directly measured by AMS for May 2011 through May 2017 (see Sect. 3.2.1) were used when calculating Q-values.

      

    

  
    
      Fig. 5. 
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        Scatter plot of the 14C global production rate Q*, computed based on the AMS-02 data for the period 2011–2017, and a polar NM64 (Oulu) neutron monitor count rate for the same period, with the dot-dashed red line depicting the dependence (Eq. (5)).

      

    

  
    
      Fig. 7. 
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        Panel A: evolution of annual open solar flux: Fo(O17) based on in situ measurements (Owens et al. 2017) and Fo* reconstructed here based on relations (5) and (6). Panel B: difference between them dF = Fo − Fo(O17). Panel C: histogram of the occurrence of dF values with the best-fit Gaussian (mean 0.1 ⋅ 1014 Wb and σ = 0.9 ⋅ 1014 Wb).

      

    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
        SNs, computed using Eq. (7) from the Fo data for the instrumental era (see Fig. 7) reconstructed by Owens et al. (2017, O17) and from NM data, along with the ISN (v.2).

      

    

  
    
      Fig. 11. 
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        Time evolution of the reconstructed SNs (black curve with ±1σ grey-shaded uncertainties) in comparison with other direct and indirect SN series. Panel B: final annual reconstruction, and Panel C: its zoom for the period after 1700. Panel A: smoothed (15-yr first SSA component) annual series in comparison with other similarly smoothed or decadal series. These series are as follows: ISN (v.2, SILSO), GSN* (Hoyt & Schatten 1998), C17* (Chatzistergos et al. 2017), as well as two recent reconstructions based on 14C – U16* (Usoskin et al. 2016) and W18* (Wu et al. 2018b) (the asterisk indicates that the series is scaled up by a factor of 1.667 to match the ISN v.2 definition). Blue arrows denote grand minima of solar activity: Oort (OM), Wolf (WM), Spörer(SM), Maunder (MM), and Dalton (DM) minima. The data are available at the CDS.

      

    

  
    
      Fig. 12. 
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        Same as Fig. 11, but split into three subsequent time intervals of 310 years each. Cycles, which are not well defined during the grand minima (see Sect. 3.3), are indicated with the dashed line.

      

    

  
    
      Fig. 13. 
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        Evolution of the reconstructed SNs (blue curve with ±1σ grey-shaded uncertainties) for the periods around the corrected events: 994 AD (panel A), 1052 AD (panel B), and 1279 (panel C). The red curve depicts SNs if no correction is applied. Red arrows indicate the time of the events.

      

    

  
    
      Fig. 14. 
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        Distribution of cycle-averaged ⟨SN⟩ SNs along with fitted bimodal Gaussians. Panel A: SNs reconstructed here for 971–1900 (85 full cycles). The two curves are as follows: grand-minimum mode (magenta dashed line, mean m = 1, σ = 8) and normal mode (red dashed line m = 48, σ = 31). Orange bars correspond to the well-defined cycle q ≥ 4 (m = 49, σ = 36, 25 cycles). Panel B: ISN (v.2) SNs for 1750–2019 (24 full cycles), including two modes: a normal one (m = 64, σ = 16) and a grand-maximum one (m = 107, σ = 13).

      

    

  
    
      Fig. 15. 
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        Reconstructed solar activity around the Spörer minimum. Panel A: the black curve with grey-shaded error bars represents the main reconstruction and is identical to that in Fig. 12, while the red curve depicts a reconstruction based on one realisation of the simulated noise series (see text). Panel B: FFT spectrum (amplitude) of the main SN reconstruction (shown in panel A) for the period 1400–1550, while the red dotted line depicts the upper 95th percentile of the FFT spectra of 1000 noise-based reconstructions for the same period (see text). Panel C: same as panel B, but for OSF.

      

    

  
    
      Fig. 16. 
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        Panel A: wavelet power spectrum (Morlet basis, k = 6) of the reconstructed SN series, extended by ISN (v.2) after 1900. The white curve bounds the cone of influence (COI) where the spectrum is unreliable because of the proximity to the edges of the series. Black dots denote local maxima of the power (> 104) in the period bands 7–16, 75–140, and 180–250 years. The horizontal dashed line marks the location of the 11-year period. Panel B: cycle length (minimum-to-minimum) as a function of time (assigned to the cycle maximum year) for resolvable (q > 0, 56 cycles) reconstructed cycles (open dots) and for well-defined cycles (q ≥ 4, 25 cycles, filled circles). Red stars are the cycle lengths, rounded to the nearest integer (to be reduced to the annual resolution), in the ISN (v.2) series (http://www.sidc.be/silso/cyclesminmax) for 1750–2019. The dashed line represents the mean cycle length of 11 years over the ISN series. The grey shading denotes grand minima of solar activity. Panel C: comparison between the smoothed cycle-length evolution. The smooth red curve is the three-point running mean of the individual cycle lengths (q > 0). The light blue WV curve is the wavelet-defined period (identical to the upper black curve in panel A).
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