
    
      Fig. 3 
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        FAP evolution of the strongest peak within 0.2 d of the 41.7 d signal for long-term detrended: LBL RV (blue circles), CCF FWHM (green squares), S-index (downward red triangles), Hα (upward teal triangles) and Na I (pink hexagons). The temporal coverage of A16 is marked by a dashed black line.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Raw time series (blue points) against our best model (d4; solid lines) in a selected temporal region. Data points come with two error bars: one assigned by the instrument (blue), and another that includes the model jitter (grey; Sect. 3.1). (a) LBL RV in m s−1, where the full model (black) is split into the stellar-activity GP component (green), the three-planet component (red) and the LTF (teal). (b) CCF FWHM in m s−1, where the full model (black) is split into the stellar-activity GP component (green) and the LTF (teal). Every component is offset by an arbitrary amount, labelled in the plots. The 1σ confidence intervals of the GP are given in shaded bands.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Prior (grey, cross-hatched) and posterior (blue, dot-hatched) distributions of planetary parameters in our best model (d4). Uncertainties in our posteriors reflect the 16th and the 84th percentiles.

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Planetary-parameter posteriors of our best model (d4; Fig. 7; blue dot-hatched) against the posteriors from our FWHM model with three activity sine terms (green square-hatched). Parameters share period- and phase priors across models. We use semi-amplitude panels (g,h,i) to show the median uncertainty of RV and FWHM measurements (dashed lines in respective colour).

      

    

  
    
      Fig. 11 
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        Identical to Fig. 10 but making a comparison between our best model (d4; Fig. 7; blue dot-hatched) and our S-index model with three activity sine terms (pink star-hatched). To ease comparison, semi-amplitudes and the median uncertainty in Na I were scaled by 20.

      

    

  
    
      Fig. 12 
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        Identical to Fig. 10 but making a comparison between our best model (d4; Fig. 7; blue dot-hatched) and our Hα model with three activity sine terms (yellow circle-hatched). To ease comparison, semi-amplitudes and the median uncertainty in Hα were scaled by 300.

      

    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
        Identical to Fig. 10 but making a comparison between our best model (d4; Fig. 7; blue dot-hatched) and Na I model with three activity sine terms (red rhomboid-hatched). To ease comparison, semi-amplitudes and the median uncertainty in Na I were scaled by 800.

      

    

  
    
      Fig. 14 
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        The physical parameters of the GJ 3998 planetary system against the literature. Centre: Mass-flux and minimum mass-period diagrams of exoplanets with well-established masses and periods from Akeson et al. (2013) (red squares for M-dwarf hosts, blue circles otherwise). Against those, we plot the derived posteriors of our best model (d4; black error bars) using stellar properties from Maldonado et al. (2020). Reported uncertainties reflect the 16th and the 84th percentiles of our posteriors. Top and right sides: one-dimensional histograms of well-established planets from Akeson et al. (2013) (solid red lines for M-dwarf hosts, dashed blue lines otherwise). The locations of GJ 3998 b, GJ 3998 c and GJ 3998 d are marked by dashed black lines.

      

    

  
    
      Fig. 15 
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        Optimistic (yellow, north-east hatching) and conservative (green, north-west hatching) 5 M⊕ HZs from Kopparapu et al. (2014) against orbital periods of GJ 3998 b, GJ 3998 c and GJ 3998 d (vertical dashed lines). We show 105 separate HZ estimates that account for the uncertainty on GJ 3998 stellar parameters by Maldonado et al. (2020).

      

    

  
    
      Fig. 16 
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        Detection-limit grid of 2.4 × 106 random planetary-sine signals of RV amplitude 0.1–5 m s−1 and of period 1–1000 d. The grid is formed by 200 × 200 log-spaced bins. Stellar rotation complicates detection considerably for orbital periods near Prot (solid blue line) and Prot/2 (dashed blue line). We display our best-model solutions (d4; black error bars) alongside solutions of Neptune- and Earth-mass planets (dotted black lines). Reported uncertainties reflect the 16th and the 84th percentiles.

      

    

  
    
      Fig. B.1 

      
        [image: thumbnail]
      

      
        Alias analysis of long-term detrended signals near 2.65 d in: (a,b) LBL RV, (c,d) S-index. The left column shows aliases of the 2.65 d signal, found in RV and attributed to GJ 3998 b. The right column shows aliases of a 2.80 d signal found in S-index. (e) The WF reveals five prominent peaks at: 120.6 d (upward teal triangle), 194.0 d (pink hexagon), 339.5 d (blue circle), 369.6 d (green square) and 410.9 d (downward red triangle). Relevant aliases in data periodograms are plotted with dashed lines of a corresponding colour and marker. There are other strong peaks in the WF that do not create aliases in the specified period range (hollow grey circles).

      

    

  
    
      Fig. C.2 

      
        [image: thumbnail]
      

      
        FAP evolution of long-term detrended RV signals between 36–44 d. We plot the location of the 41.7 d signal and its aliases within the interval. Alias symbols match Fig. B.1e, Fig. B.2k and Fig. 2c. Dashed white rectangles display the power transfer from the 41.7 d signal to its 37–38 d alias family.

      

    

  
    
      Fig. C.3 

      
        [image: thumbnail]
      

      
        FAP evolution of the strongest peak within 0.2 d of the 2.65 d signal for long-term detrended: LBL RV (blue circles), CCF FWHM (green squares), S-index (downward red triangles), Hα (upward teal triangles) and Na I (pink hexagons). The temporal coverage of A16 is marked by a dashed black line.

      

    

  
    
      Fig. C.4 

      
        [image: thumbnail]
      

      
        FAP evolution of the strongest peak within 0.2 d of the 13.7 d signal for long-term detrended: LBL RV (blue circles), CCF FWHM (green squares), S-index (downward red triangles), Hα (upward teal triangles) and Na I (pink hexagons). The temporal coverage of A16 is marked by a dashed black line.

      

    

  
    
      Fig. C.5 

      
        [image: thumbnail]
      

      
        Violin plots of all models with a sine component in their TFs that show the posteriors of: (a) the cycle period Pcyc, (b) the RV amplitude kcyc, 0, (c) the RV amplitude kcyc, 0. Violin plots are arranged vertically by planetary configuration in the same order as in Fig. 4. Plots come in three colours: blue for MEP, green for ESP2 and red for ESP3. Every distribution is accompanied by its corresponding model label.

      

    

  
    
      Table C.2 

      Phase posteriors of GJ 3998 d from the grid-search in Fig. 4.

      
        


	Planetary configuration
	Sine-free LTF
	Sine in LTF



	
	

	




	b
	c
	d
	MEP
	ESP2
	ESP3
	MEP
	ESP2
	ESP3





	C
	C
	C
	0.79 ± 0.08
	0.79 ± 0.07
	0.79 ± 0.07
	0.79 ± 0.08
	0.79 ± 0.07
	0.79 ± 0.07



	C
	C
	K
	[image: equation]
	[image: equation]
	0.77 ± 0.08
	[image: equation]
	0.77 ± 0.08
	[image: equation]



	C
	K
	K
	[image: equation]
	0.77 ± 0.08
	0.77 ± 0.08
	[image: equation]
	0.77 ± 0.08
	0.77 ± 0.08



	K
	K
	K
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	0.77 ± 0.08
	0.77 ± 0.08





      

      
Notes. Reported uncertainties reflect the 16th and the 84th percentiles.




    

  
    
      Table C.3 

      Radial-velocity semi-amplitude posteriors of GJ 3998 d in units of m s−1 from the grid-search in Fig. 4.

      
        


	Planetary configuration
	Sine-free LTF
	Sine in LTF



	
	

	




	b
	c
	d
	MEP
	ESP2
	ESP3
	MEP
	ESP2
	ESP3





	C
	C
	C
	[image: equation]
	1.84 ± 0.24
	1.85 ± 0.24
	[image: equation]
	1.79 ± 0.23
	[image: equation]



	C
	C
	K
	[image: equation]
	1.91 ± 0.26
	1.90 ± 0.26
	[image: equation]
	1.83 ± 0.24
	1.82 ± 0.25



	C
	K
	K
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	1.82 ± 0.25



	K
	K
	K
	[image: equation]
	[image: equation]
	1.91 ± 0.26
	1.78 ± 0.28
	1.83 ± 0.24
	1.82 ± 0.25





      

      
Notes. Reported uncertainties reflect the 16th and the 84th percentiles.




    

  
    
      Table C.4 

      Eccentricity posteriors of GJ 3998 d from the grid-search in Fig. 4.

      
        


	Planetary configuration
	Sine-free LTF
	Sine in LTF



	
	

	




	b
	c
	d
	MEP
	ESP2
	ESP3
	MEP
	ESP2
	ESP3





	C
	C
	C
	-
	-
	-
	-
	-
	-



	C
	C
	K
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	C
	K
	K
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	K
	K
	K
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]





      

      
Notes. Reported uncertainties reflect the 16th and the 84th percentiles. Three-circular models did not sample for this parameter.




    

  
    
      Table C.5 

      Argument-of-periastron posteriors of GJ 3998 d in units of rad from the grid-search in Fig. 4.

      
        


	Planetary configuration
	Sine-free LTF
	Sine in LTF



	
	

	




	b
	c
	d
	MEP
	ESP2
	ESP3
	MEP
	ESP2
	ESP3





	C
	C
	C
	-
	-
	-
	-
	-
	-



	C
	C
	K
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	C
	K
	K
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	K
	K
	K
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]





      

      
Notes. Reported uncertainties reflect the 16th and the 84th percentiles. Three-circular models did not sample for this parameter.




    

  
    
      Fig. C.6 

      
        [image: thumbnail]
      

      
        Visual extension of Table C.6: prior (grey, cross-hatched) and posterior (blue, dot-hatched) distributions of all parameters in our best model (d4). Uncertainties in our posteriors reflect the 16th and the 84th percentiles. For the sake of brevity, we show three significant digits for posterior medians, and truncate uncertainties to match the same precision.

      

    

  
    
      Table C.8 

      Comparison of posteriors from one-dimensional modelling of different activity indicators: CCF FWHM, S-index, Hα and Na I.

      
        


	Parameter name
	Symbol
	Unit
	Prior
	Posterior



	FWHMCCF
	S-index
	Hα
	Na I





	Long-term function parameters
	
	
	
	
	
	
	



	Period
	Pcyc
	d
	𝒰log (200.2000)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	Indicator phase
	φcyc. 0
	-
	𝒰 (0, 1)w
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	Indicator amplitude
	kcyc, 0
	-
	𝒰log (10−3,103)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	Indicator second-order correction
	α0
	-
	𝒩(µlm, 200σlm)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	Indicator first-order correction
	β0
	-
	𝒩(µlm, 200σlm)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	Indicator zero-order correction
	γ0
	-
	𝒩(µlm, 200σlm)
	[image: equation]
	[image: equation]
	[image: equation]
	(1.26 ± 0.32) × 10−2



	Dataset parameters
	
	
	
	
	
	
	



	Indicator jitter
	J0,0
	-
	𝒰log (10−3, 103)
	[image: equation]
	[image: equation]
	[image: equation]
	(1.37 ± 0.21) × 10−3



	Stellar-activity parameters
	
	
	
	
	
	
	



	Timescale
	τ
	d
	𝒰log (40.104)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	Period
	P
	d
	𝒰log (2, 200)
	[image: equation]
	[image: equation]
	29.6 ± 0.6
	[image: equation]



	Sinescale (harmonic complexity)
	η
	-
	𝒰log(10−2,102)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	Indicator amplitude
	A0
	-
	𝒰log(10−3,103)
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]





      

      
Notes. (w)Wrapped parameter. Reported uncertainties reflect the 16th and the 84th percentiles. Some LTF parameters have priors informed by an initial Levenberg-Marquadt fitting procedure. Models with Hα and Na I used the prior 𝒰log (10−4,1) for their LTF amplitudes.
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